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Abstract

The accumulation of sequenced Francisella strains has made it increasingly apparent that the 16S
rRNA gene alone is not enough to stratify the Francisella genus into precise and clinically useful
classifications. Continued whole-genome sequencing of isolates will provide a larger base of
knowledge for targeted approaches with broad applicability. Additionally, examination of genomic
information on a case-by-case basis will help resolve outstanding questions regarding strain
stratification. We report the complete genome sequence of a clinical isolate, designated here as £~
novicida-like strain TCH2015, acquired from the lymph node of a 6-year-old male. Two features
were atypical for £ novicidga: exhibition of functional oxidase activity and additional gene content,
including proposed virulence determinants. These differences, which could potentially impact
virulence and clinical diagnosis, emphasize the need for more comprehensive methods to profile
Francisella isolates. This study highlights the value of whole-genome sequencing, which will lead
to a more robust database of environmental and clinical genomes and inform strategies to improve
detection and classification of Francisella strains.
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1.5. ACCESSION NUMBER
TCH2015 has been deposited in GenBank under the accession number CP021490.
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1.1. INTRODUCTION

The number of recognized species within the genus Francisella has increased from two in
2005 to nine: £ guangzhouensis (also Allofrancisella guangzhouensis), F. halioticida, F.
hispaniensis, F. noatunensis, F. noviciaa, F. persica, F. philomiragia, F. piscicida, and F.
tularensis (Sjostedt, 2005; Bacterio.net; DSMZ.de). Not included in this list are four recently
proposed species: F. gpportunistica, F. salina, F. uliginis, and F. frigiditurris (Challacombe et
al., 2016). In 2010, £ novicida was formally reclassified as a subspecies within £ tularensis
based on 99.8% sequence identity between £ novicidaand F. tularensis 16S rDNA, along
with DNA-DNA hybridization studies (Hollis et a/., 1989; Forsman et al., 1994; Huber et al.,
2010; Busse et al., 2010). Objections were raised which appealed to differences in disease
manifestation, along with distinct evolutionary, metabolic, phenotypic, and regulatory
attributes of £ novicida (Larsson et al.,, 2009; Johannson et al., 2010; Kingry and Petersen,
2014). Both arguments have merit, leading some to name £ novicida as its own species in
the literature, and others to name it as ~. tularensis subspecies (subsp.) novicida. It should be
noted that NCBI only allows genome assemblies to be deposited under the latter; however,
here we will use the designation £ novicida as it allows for a clear separation of virulent
Francisella species from less virulent, opportunistic ones.

The Gram-negative, intracellular bacterium £ tularensisis the etiological agent of the
zoonotic disease tularemia and is considered a Tier 1 select agent due to a low infectious
dose, high fatality rate via the inhalational route, and lack of a licensed vaccine. Prior to
2010, £ tularensisincluded F. tularensis subsp. tularensis (type A), F. tularensis subsp.
holarctica (type B), and F. tularensis subsp. mediasiatica. As type A and type B are virulent
in humans, clinical samples that test positive for £ fularensis necessitate further testing by
reference laboratories to rule out type A and type B prior to continued handling. In contrast,
F. novicidais generally regarded as avirulent except in the context of immune-compromised
individuals where it can cause opportunistic infections. Twelve human infections with £
novicida have been reported, with fatalities resulting only in cases of predisposing medical
conditions (Brett ef al., 2012, 2014). As of 2014, all £ noviciaa strains are excluded from
select agent regulations, giving rise to its common use as a model organism to study
Francisella (selectagents.gov). In addition to nomenclature irregularities in research
literature, the high sequence identity (>97%) within Francisella species makes rapid and
accurate classification of isolates difficult (Gunnell et a/., 2012). Progress has been made to
develop more sensitive clinical assays for detection of Francisella directly from blood or
specific antibodies from serum (Banada et a/, 2017; Nakajima et al., 2016). While these
tools are immediately useful, they are designed more broadly to distinguish Francisella from
other infectious agents. Other assays rely on previously characterized reference strains, and
in some cases well-annotated genomes, that may not correctly call new isolates. Genomics
can provide insights into differences in Francisella pathogenesis, which may ultimately lead
to new DNA-based assays.
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The number of available clinical and environmental Francisella genomes have increased due
to widespread access to sequencing technologies and decreased costs. Recent genomic
analyses have even gone so far as to specify loci that distinguish between virulent and
avirulent isolates (Challacombe et al., 2016). Here we characterize a novel £ novicida-like
strain, TCH2015, isolated from a human lymph node. To our knowledge, this is the first
Francisella strain to be identified from Guatemala, and is the only non-£ fularensis genome
reported to possess homologs of the £ tularensistype A FTT0794—FTT0796 locus involved
in capsule biosynthesis. Finally, we address the strain-to-strain variability observed in £
novicida isolates for oxidase activity, a common screening test for clinical laboratories.
Further examination and comparison of these genomes will improve our ability to anticipate
the disease-causing potential of emerging isolates and may provide targets for therapeutic
intervention against tularemia. Development and maintenance of a robust database
containing clinical isolates is crucial for epidemiological monitoring and updating relevant
clinical assays.

1.2. MATERIALS AND METHODS

1.2.1. Clinical isolate and reference strain source information

Clinical isolate TCH2015 was acquired from the lymph node of an afebrile 6-year-old male
who resides in Guatemala and presented to Texas Children’s Cancer Center with a 5-week
history of left cervical lymphadenopathy that was firm and non-tender (refer to supplemental
materials for case report details). An excisional biopsy was performed and lymph node
tissue was processed as described in section 1.2.2. Comparisons of the isolate were
performed against £ novicida strain U112T which was originally isolated from Ogden Bay
in Utah in 1950 (Larson et al., 1955; refer to www.straininfo.net or the product sheet for
ATCC® 15482™), Sequencing and assembly of the U112T genome (DNA provided by
USAMRIID) was previously performed by Los Alamos National Laboratory (Johnson et al.,
2015; CP009633).

1.2.2. Clinical laboratory workup

Lymph node tissue was ground and streaked on chocolate agar, sheep’s blood agar, and
MacConkey agar (Remel) and incubated at 37 °C in 5% CO» and room air. At 72 hours,
small white colonies were observed on the chocolate agar only, and Gram-stain revealed
Gram-negative coccobacilli. Upon subculture, the isolate grew on sheep’s blood agar and
chocolate agar but not MacConkey agar. The isolate tested indole and catalase negative (or
weakly catalase positive depending on laboratory methodology) but weakly oxidase positive.
Automated and rapid identification methods yielded no definitive identification: Vitek MS
(MALDI-TOF, bioMérieux) returned a 50% call for Moraxella osloensis, Vitek 2 NH panel
(bioMérieux), an 86% call for Oligella urethralis, and Remel NH RaplD, no identification.
Subsequent sequencing of 16S rRNA gene hypervariable regions V1, V3, and V6 was
performed against the Ribosomal Database Project (RDP, rdp.cme.msu.edu) and
SmartGene’s bacterial module (www.smartgene.com/mod_bacteria.html). V1 resulted in 38
bases matching over 20 organisms with 100% identity. V3 yielded 51 bases of high quality
sequence with 100% identity to £ tularensis™ and four other £ tularensis subspecies via
RDP. SmartGene data yielded no organisms with 100% identity across the 51 bases, but ~
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tularensis had the highest overall identity of 98.04%. V6 resulted in 34 bases with 100%
identity to five different Francisella species (including £ tularensis), and to Wolbachia
persica. Thus, the only organism yielding 100% identity (or 98% via SmartGene) across
both V3 and V6 regions was F£. tularensis, at which point the City of Houston regional lab
was notified and no further workup was performed.

The Houston Health Department identified a Gram-negative coccobacillus that tested
negative for urease and oxidase (tetramethyl) and positive for £ tularensis by PCR
(proprietary CDC formulation). Several characteristics were inconsistent with £ tularensis.
Specifically, results were negative for cysteine requirement, slide agglutination, and direct
fluorescent antibody (DFA). The isolate was therefore sent to the Centers for Disease
Control and Prevention (CDC) for further testing due to discrepant results between PCR and
culture, where multi-gene sequencing results were consistent with £ novicida.

1.2.3. Extraction, sequencing, and assembly of isolate genome

The isolate was grown in modified Mueller-Hinton cation-adjusted (MHII) broth (Becton
Dickinson) supplemented with sterile 0.1% glucose, sterile 0.025% ferric pyrophosphate,
and 2% reconstituted IsoVitaleX (Becton Dickinson) at 37 °C. Genomic DNA was extracted
by phenol-chloroform as previously described (Atkins ef al., 2015) and sequenced on the
Pacific Biosciences RS Il platform according to the manufacturer’s protocols (pach.com).
Briefly, adapters were ligated to size-selected (>10 kb) DNA ends and the generated libraries
were sequenced using the C4 sequencing kit with p6 enzyme. Pacific Biosciences SMRT
Cell read data was assembled using the RS_HGAP_Assembly.2 protocol available in the
SMRT Analysis 2.3.0.140936 package (pach.com). NCBI and RAST were used for genome
annotation (ncbi.nlm.nih.gov; Aziz et al., 2008).

1.2.4. Comparative genomic analyses

Nucleotide alignments were generated using Mauve 2.3.1 (Darling et al., 2004, 2010) from
FASTA files. Data files generated by Mauve were extracted to create a Circos plot of the
alignment (Krzywinski et al., 2009). An un-rooted de novo phylogenetic tree was generated
in PhyloPhlAn from a user-specified set of genomes (Segata et a/., 2013). Briefly, peptide
sequence files from each genome were downloaded from NCBI and compared against a
reference dataset of 400 universal proteins. Of those, 275-295 marker proteins were
identified in the user-defined set of genomes and used to build the tree. RAXML (Stamatakis,
2014) was used for tree optimization. Two-way average nucleotide identity was determined
using the ANI calculator with default settings (http://enve-omics.ce.gatech.edu/ani/index).
For function-based comparisons, genomes were uploaded and annotated in RAST and
visualized in SeedViewer (rast.nmpdr.org; Overbeek et al., 2005).

1.3. RESULTS
1.3.1. Relationship of TCH2015 relative to other published Francisella genomes

Assembly of the isolate, designated TCH2015, resulted in a complete circular genome of
2,000,087 base pairs with 1,879 CDS, 32.4% G+C content, and mean coverage of 260.51
(Figure S1). BLAST® analysis of the isolate’s genome against NCBI’s non-redundant
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database revealed F. novicidaas the top hit, with 98% sequence identity to strain U1127
across 90% of the isolate’s genome, as well as to strains Fx1 and PA10-7858. Sequence-
based comparisons of TCH2015 to ~ novicidastrain U112T (CP009633) revealed 1,671
bidirectional best hits corresponding to shared protein-coding genes. The 16S rRNA gene of
TCH2015 is 99.94% identical to that of £ novicida U112 (1538/1539 bp). The same is true
of £ novicida strains AZ06-7470, AL97-2214, and F6168. The next closest match is to ~
novicida strain PA10-7858 (99.87%, CP016635). In agreement with the notion that 16S
comparisons alone do not adequately resolve species of this genus, 16S rRNA gene
alignment to £ tularensistype A and type B strains still yield greater than 99% sequence
identity. Although TCH2015 deviates from typical £~ novicida strains for reasons discussed
below, it nonetheless grouped with published £ novicida genomes in a phylogenic tree
generated de novo from PhyloPhlAn and shares the highest average nucleotide identity
(ANI) with these genomes (Figure 1 and Table S2; Goris et al., 2007). Two-way ANI
percentages compared to TCH2015 ranged from 98.31-98.74 for £ novicida strains, 98.02—
98.23 for all other £ tfularensis subspecies, and 90.73-90.83 for £ hispaniensis. A single
copy of the Francisella Pathogenicity Island (FPI) is present in TCH2015. This is the case
for all £ novicida strains described, whereas a duplication event of the FPI has occurred in
virulent £ tularensis genomes (Nano and Schmerk, 2007). Also found in TCH2015 is a 144-
bp insert within the papD gene (encoding the Pathogenicity Determinant Protein D) that is
found in £ novicida strains but not in £ tularensis type A, while type B lacks most of papD
(Brett et al., 2014; Nano et al., 2004). The clinical presentation was consistent with £~
novicida infections, consisting of lymphadenopathy without fever or other symptoms
(Kingry and Petersen, 2014). Taken together, these data indicate that TCH2015 is most
similar to £ novicida.

1.3.2. Additional gene content is present in TCH2015 which includes F. tularensis
exopolysaccharide genes

High-level assessment of genome topology revealed similar genome preservation between
TCH2015 and F. novicida U112, as demonstrated by consistent spatial distribution of
genomic content with few syntenic block rearrangements. However, TCH2015 possesses
almost 90 kb of additional gene content distributed throughout the genome (Figure S2).
Upon manual curation, this extra gene content contains 106 open reading frames (excluding
mobile elements or transposases). Predicted functions of the proteins encoded by these
additional genes include an ABC-type multidrug transport system, sugar-modifying
enzymes, thiamine biosynthesis, and 53 hypothetical proteins, while 14 do not yield hits to
any Francisella proteins (Table 1; see Table S1 for full list and protein BLAST® hits, and
Tables S3 and S4). Of clinical importance, several of these genes were recently described as
“features that may be associated with tularemia virulence or other defining functions,”
including the SpeADE and AguAB operons, and a three-ORF cluster encoding a
phosphoserine phosphatase, methyltransferase, and cholinephosphotransferase (Table 2;
Challacombe ef al., 2016). This last cluster is orthologous to three genes in £ tularensis type
A that are part of a larger 12-gene cluster (Figure 2; Larsson et al., 2005). First identified
from whole-genome sequencing (WGS), portions of this polysaccharide locus have since
been shown to play a role in the formation of a capsule-like complex (CLC) in £ tularensis.
Capsule is important for host-adaptation, immune complement evasion and bacterial uptake
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(Bandara et al., 2011; Clay et al., 2008; Zarrella, et al., 2011). Remarkably, this is the first
report of the FTT0794-FTT0796 locus in a non-£ tularensis strain. The TCH2015 locus
shares 99% identity with this cluster across 99%, 100%, and 100% of the FTT0794,
FTTO795, and FTTO0796 genes, respectively. As this cluster is hypothesized to be partially
responsible for glycan structure differences observed between Francisella species, further
examination of TCH2015 is warranted (Thomas et a/., 2011). We are aware that
Challacombe et al. recently asserted that atypical ~ novicida strains termed “novicida-like”
do not constitute a separate species, and thus should be classified as ~ novicidato remove
ambiguity (Hollis et a/.,, 1989; Clarridge et al., 1996; Whipp et al., 2003). However, due to
the unprecedented finding of the FTT0794-FTT0796 locus, we have designated TCH2015
as an £, novicida-like isolate pending further examination. Finally, with regards to
restriction-modification (R-M) loci, TCH2015 closely resembles £ novicida strains, which
have only one or two of four R-M systems intact (apart from strain U112T which has four,
and strain D9876 which has none).

1.3.3. TCH2015 shares variable oxidase activity with F. novicida strains

TCH2015 tested positive for oxidase activity, which was initially the only contraindication
against £ tularensis. In the literature, £ tularensis strains are consistently oxidase-negative,
while £ philomiragia gives a strong oxidase positive result (Table 2). A newly proposed
species, £ gpportunistica, was also found to be oxidase positive. In contrast, £ novicida
strains give inconsistent oxidase test results, with only three out of at least 10 previously
reported as oxidase positive (Whitehouse et al., 2012). Genomes of these three oxidase-
positive £ novicidaisolates have not been fully sequenced. In addition to this strain-to-strain
variation observed, intra-strain variation is also observed, as only two of three laboratories
reported an oxidase positive result for TCH2015 (Figure S3). An alternative explanation is
that different oxidase activity tests under different conditions produced disparate results.

Finding no evidence among the extra gene content to explain the oxidase activity in
TCH2015, we then compared metabolic reconstructions of £ philomiragia 25017 to £
opportunistica MA06-7296 for all proteins within the respiration subsystem using the SEED
framework (theseed.org). We hypothesized that the respiration subsystem for two oxidase-
positive Francisella organisms would include the common proteins required for this activity
(Table S5). We also individually compared these two strains to £~ fularensis SchuS4, an
oxidase-negative strain (Tables S6 and S7). In both comparisons, the single functional
protein lacking in SchuS4 among terminal cytochrome oxidases was that of a putative
cytochrome bd-11 subunit | (appC). Further examination revealed a G243A substitution in
SchuS4 resulting in an early stop codon 20% into the protein (Figure 3). This mutation is
present in all type A and type B strains examined, with type B containing an additional stop
codon 26 amino acids earlier. Francisella AppC shares 45% amino acid homology with £.
coli AppC (Sturr et al., 1996), and is annotated as a pseudogene in strain SchuS4. Therefore,
one possible explanation for the oxidase negative phenotype of £ tularensis s that only in
strains where both gpp subunits are predicted as functional does oxidase activity occur. In
other cases, however, opBC s not sufficient for oxidase activity, as aopC in TCH2015 has
100% sequence homology with £ novicida strains known (or presumed) to be oxidase-
negative. Non-coding regulatory sequences and environmental cues might contribute to the
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irregular oxidase activity observed in £ novicidaand F. novicida-like strains. In future
analyses, matching biochemical evidence with genomic support could grant a richer
understanding of these organisms than either would alone.

1.4. DISCUSSION

Epidemiological investigations of £ novicidaand F. noviciaalike infections reveal a strong
association with salt-water environments (Petersen et al., 2009). While the mode of
transmission in this case was not determined, the patient was active in water sports at the
beach as well as canals around his home, suggesting water as the likely source of infection.
Due to the finding of an £ novicida-like isolate and a history of neutropenia in infancy, a
comprehensive immunologic evaluation was performed, and the patient was found to have
decreased natural killer cell function (NK Lytic Units at 0.2; reference range > 2.6). We
hypothesize that decreased natural Killer cell function left the patient particularly susceptible
to opportunistic infection. Further workup is in progress. Our whole-genome sequencing
results reveal that TCH2015 most closely resembles £ novicida (or F. tularensis subsp.
novicida), as determined by ANI comparisons, phylogenetic analyses, a single copy of the
FPI, a 144-bp insert of the papD gene, as well as clinical presentation and biochemical test
results. Even so, TCH2015 has several unique genotypic and phenotypic traits compared to
other £ novicida strains, leading to a more conservative designation of TCH2015 as ~
novicida-like.

The biochemical profile of TCH2015 led us to focus on the oxidase activity of £ novicida
strains, which yield inconsistent results to this important clinical test. Initially, this result
was the only contraindication against virulent £ tularensis, warranting further biochemical
studies to determine underlying mechanisms of the variable oxidase activity observed in ~
novicida strains. The G243A substitution in gopC found in virulent £ tularensis strains is yet
another distinguishing factor identified by WGS. Interestingly, in an £ novicida transposon-
mutagenesis library, gopB and appC mutants displayed a growth reduction of 3-7 logs in
human-derived U937 macrophages and D. melanogaster-derived S2 cells (Asare and Kwaik,
2010, 2011). AppC mutants also displayed trafficking defects in U937 cells. A separate
study identified gopC in a negative selection screen in C57BL/6 mouse lung infections after
48 hours (Peng and Monack, 2010).

Challacombe et al. recently challenged current dogma of Francisella classification and
proposed five functional loci as distinguishing features for Francisella species based on a
comparative genomics study with 31 complete genomes (see section 1.1). TCH2015
contains three of these loci, one of which has not been identified in any other £ novicida or
F. novicidalike strain to date (Sjédin et al., 2012; see section 1.3.2), further blurring the line
between which genomic features distinguish virulent Francisella species from avirulent
ones. The contribution of these genes to TCH2015 is not known, and it should be noted that
two other LPS loci highlighted by Challacombe et a/. were not found in TCH2015
(FTT1188 and FTT1453c, 54c, and 58c). While one or the other has been found in some ~
noviciaa strains, only virulent £ tularensis strains possess both loci. Less surprising was the
presence of SpeADE and AguAB, which, in addition to being present in £ tularensis, were
previously described in detail in Australian clinical isolate 3523 and are also found in £
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novicida strains AL97-2214, D9876, F6168, and TX07-6608. Siddaramappa et a/. (2011)
speculate that £ hispaniensis 3523 and F. novicida-like Fx1 represent strains transitioning
from an environmental state to a pathogenic one, as may be the case for TCH2015.
Alternatively, TCH2015 may represent an ancestral lineage at the junction of £ novicida and
F. tularensis divergence which maintained or acquired partial sequences, possibly due to
unique ecological pressure.

This study illustrates the current challenges pertaining to Francisella diagnostics and
classification and exemplifies the utility of WGS in resolving identities of clinical isolates
with atypical characteristics. Currently, determining the disease-causing potential for
Francisella organisms isolated in clinical laboratories is challenging, as the field has
outgrown current virulence marker identification methods. In our case—which we surmise is
true for other clinical laboratories—the automated identification methods typically used do
not include Francisellain the database system out of concern for laboratory exposure,
creating an additional barrier to diagnosis and classification. Moreover, the high degree of
sequence similarity in Francisella 16S rRNA causes more clinically relevant features to be
overlooked. Discrepancies between genomic and biochemical data further open the door to
misclassification of a virulent strain as avirulent, with potentially severe consequences. In
the reverse scenario, valuable time and resources are wasted, and laboratory personnel
undergo unnecessary monitoring and prophylaxis (Brett ef a/.,, 2012; cdc.gov).

Our results echo the conclusion of Challacombe et a/. that correct classification will remain
a challenge until the abundance of isolates with finished genomes increases but also
emphasize the need to explore stratifications that do not rely solely on “presence/absence”
genotypes (Sjodin et al., 2012). For instance, pseudogene content (Figure S4). Other useful
stratifications may exist that we cannot currently appreciate. To our knowledge, this is the
first report of a Francisella strain isolated from Guatemala. It is not known whether
TCH2015 represents an emerging strain or is part of an underappreciated Francisella clade.
The continued effort to sequence clinical and environmental isolates across more diverse
sampling sites will lead to a greater understanding of the factors that contribute to
Francisella evolution and virulence. Insights provided by studies like these may also be
useful for the development of new strategies to reliably detect, classify, and monitor
virulence of emerging strains.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. Determining the disease-causing potential for Francisellaisolates is
ambiguous.
. Whole-genome sequencing was performed on a clinical ~ novicida-like
isolate.
. TCH2015 most closely resembles £ novicida, but possesses additional gene
content.

. First report of the FTT0794-0796 polysaccharide locus in a non-£ tularensis
strain.

. Explores possible cause of inconsistent oxidase test results by £ novicida
strains.
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5 Clinical isolate TCH2015

e F hispaniensis

e F mniarensis subsp. holarctica
@ F mularensis subsp. mediasiatica
@ F novicida

® F tularensis subsp. mlarensis

98.09

Figure 1. Phylogenetic tree of isolate TCH2015 in relation to 21 Francisella strains
Clinical isolate TCH2015 is shown in yellow. Genomes are labeled by strain name and

grouped by species/subspecies as shown in the legend. Two separate U112T genomes are
shown corresponding to University of Washington (UW) and Los Alamos National
Laboratories (LANL) sequencing projects.
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Figure 2. Francisella polysaccharide locus comparisons
Operon cluster of polysaccharide synthesis genes in £ tularensis strain SchuS4 (top), ~

noviciga-like strain TCH2015 (middle), and £ novicida strain U1127 (bottom). Capsule
biosynthesis genes FTT0794, FTT0795, and FTT0796, while absent in non-£ tularensis
strains, are curiously preserved in TCH2015 with 99% identity. In strain U112, these genes
are replaced with two unrelated genes encoding KpsC and a hypothetical protein. Gene
numbers for strains SchuS4 and U112T correspond to NCBI gene accession numbers, and to
RAST gene numbers for strain TCH2015.
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Strain

SchuS4

Virulent F. rularensis -[ OSU18
FSC200

AZ06-7470

TX07-7310

U112

ATCC 25017

MA06-7296 |

TCH2015
CONSensus

AppC Protein Alignment
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Figure 3. Protein alignment of AppC among Francisella strains

MacVector-generated alignment shows the presence of early stop codons in virulent ~
tularensis strains (SchuS4, OSU18, and FSC200) compared to £ novicida strains
(AZ06-7470 and U112T), £ uliginis (TX07-7310), . philomiragia (ATCC 25017), F.
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Oxidase Activity
N
N
N
N
N
N
=

v
v

opportunistica(MA06-7296), or clinical isolate TCH2015. Strains are ordered according to
oxidase activity indicated in the right column. Several avirulent strains are oxidase negative
even though they do not contain disruptions in gopBC.
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Table 2

Frequency of features among different Francisella species/subspecies

Number of Francisella genomes with feature present/total genomes

Locus/Feature F.tularensis F.novicida® F. philomiragia Other
OppABCDF 417 9/10 4/4 0/10
SpeADE, AguAB 717 6/10 0/4 0/10
FTTO0794 - 0796 7 1/10 0/4 0/10
Oxidase Activity No 4/10 Yes Varies consistently by species

*
Includes £ noviciaga-like clinical isolate TCH2015.
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