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Molecular and Phenotypic Characterization of Vibrio navarrensis
Isolates Associated with Human Illness
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We characterized 18 Vibrio isolates, including 15 recovered from human clinical specimens, and found that they clustered with
two previously characterized Vibrio navarrensis isolates in a phylogenetic analysis. Four of the 18 strains may represent a new
Vibrio species, distinct from V. navarrensis. The potential role of V. navarrensis in human disease needs further investigation.

dentification of Vibrio isolates from human clinical specimens is

essential for surveillance and epidemiology. The genus Vibrio
includes species of great public health concern, such as Vibrio
cholerae, which can cause large pandemics (1), and Vibrio vulnifi-
cus, which has a high case fatality rate (over 50% for septicemia)
and is responsible for a large proportion of deaths related to sea-
food consumption (2). In 2008, the Centers for Disease Control
and Prevention (CDC) received four Vibrio isolates recovered
from human specimens that could not be identified to the species
level with traditional phenotypic methods. The isolates were sim-
ilar to sucrose-positive V. vulnificus (including positive test results
for phenylalanine deaminase and cellobiose fermentation), but
some characteristics were atypical for V. vulnificus (negative test
results for lysine and ornithine decarboxylase and salicin fermen-
tation). A preliminary sequence comparison using the rpoA se-
quence from one isolate matched the sequence from a Vibrio na-
varrensis strain. Vibrio navarrensis was first isolated in 1982 from
sewage and river water of the Navarra Province in Spain (3), and
V. navarrensis biotype pommerensis from the Baltic Sea was de-

TABLE 1 Bacterial strains characterized in this study

scribed in 2007 (4). The species has not previously been reported
to be associated with human clinical specimens, so we surveyed
our collection and found 13 unidentified isolates and one isolate
submitted to CDCas V. vulnificus that were phenotypically similar
to the 2008 isolates. We sought to further characterize the 18 iso-
lates and place them in a phylogenetic framework with other
Vibrio species, including the two isolates characterized in the orig-
inal species description of V. navarrensis (3).

The 20 bacterial strains that we included (two V. navarrensis
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Strain Original identification Year Source Source type Location
LMG V. navarrensis 1982 Environment Sewage Spain
15976T*
2232% V. navarrensis 1982 Environment Sewage Spain
08-2461 Vibrio species 2008 Human Wound USA
08-2462 Vibrio species 2008 Human Blood USA
08-2466 Vibrio species 2008 Human Ear USA
08-2467 Vibrio species 2008 Human Wound USA
2462-79 Vibrio species 1979 Human Wound USA
2543-80 Vibrio species 1980 NK° NK Venezuela
2756-81 Vibrio species 1981 Environment River water NK
0053-83 Vibrio species 1983 Human Wound USA
1048-83 Vibrio species 1983 Human Blood USA
2421-86 Vibrio species 1986 Human Stool USA
2422-86 Vibrio species 1986 Human Stool USA
2481-86 Vibrio species 1986 Human Blood USA
2544-86 Vibrio species 1986 Human Blood Singapore
2578-87 Vibrio species 1987 Animal Dolphin USA
2538-88 Vibrio species 1988 Human Blood USA
2423-01 Vibrio 2001 Human Blood USA
AM 36848 Vibrio vulnificus 2008 Human Blood USA
AM 37820 Vibrio species 2009 Human Blood USA

@ Strains previously characterized as V. navarrensis (3).
b Same as strain 1397-6T.
“NK, not known.
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08-2466 (Ear)
2421-86 (Stool)
Vibrio navarrensis LMG 15976T
2544-86 (Blood)
Vibrio navarrensis 2232
2422-86 (Stool)
2578-87 (Dolphin)

2 [°* 0053-83 (Wound)
08-2461 (Wound)
AM 37820 (Blood)
08-2462 (Blood)
08-2467 (Wound)

=

2 99] 12481-86 (Blood)
2543-80 (Unknown source)
AM 36848 (Blood)
2462-79 (Wound)
1048-83 (Blood)
[ 2756-81 (River water)
2538-88 (Blood)
2423-01 (Blood)

Vibrio vulnificus LMG 13545T
9| 99| i Vibrio vulnificus CMCP6

™ Vibrio vulnificus YJ016

9 Vibrio aerogenes LMG 19650T
% Vibrio gazogenes LMG 19540T
Vibrio cincinnatiensis LMG 7891T
© Vibrio metschnikovii LMG 11664 T

Vibrio proteolyticus LMG 3772T

9 Vibrio cholerae LMG 21698T
Vibrio mimicus LMG 7896
Vibrio fluvialis LMG 7894T
% Vibrio furnissii LMG 7910T

Vibrio aestuarianus LMG 7909T
ssl E Vibrio anguillarum LMG 4437T
9= Vibrio ordalii LMG 10951

_|: Vibrio diazotrophicus LMG 7893T
99

Vibrio hispanicus LMG 13240T

9 Vibrio coralliilyticus LMG 20984T
o Vibrio neptunius LMG 20536T
Vibrio nereis LMG 3895T
= Vibrio xuii LMG 21346T

[ Vibrio ichthyoenteri LMG 19664 T

99— Vibrio scophthalmi LMG 19158T

Vibrio pectenicida LMG 19642T
Vibrio pacinii LMG 19999T

Vibrio hepatarius LMG 20362T
Vibrio tubiashii LMG 10936 T

Vibrio brasiliensis LMG 20546 T

Vibrio orientalis LMG 7897T

Vibrio alginolyticus LMG 4409T

Vibrio diabolicus LMG 19805T

Vibrio natriegens LMG 10935T

Vibrio parahaemolyticus LMG 2850T
Vibrio rotiferianus LMG 21460T

Vibrio campbellii LMG 11216 T

Vibrio harveyi LMG 4044T

%% Vibrio harveyi LMG 7890

Vibrio mytili LMG 19157T

Vibrio mediterranei LMG 11258T
Vibrio pelagius LMG 3897T

% Vibrio chagasii LMG 13237

Vibrio cyclitrophicus LMG 21359T
— Vibrio pomeroyi LMG 20537T

% Vibrio kanaloae LMG 20539T
EVibrio tasmaniensis LMG 20012T

Vibrio lentus LMG 21034T
2 Vibrio splendidus LMG 19031T

Vibrio gallicus LMG 21330T
) Vibrio breoganii LMG 24484
Vibrio ezurae LMG 19970T
® Vibrio halioticoli LMG 19700

November 2014

Vibrio rumoiensis LMG 20038T
-I_|:Vibrio nigripulchritudo LMG 3896T
99

Vibrio penaeicida LMG 19663T
Aliivibrio logei LMG 19806 T
Aliivibrio wodanis LMG 24053
Aliivibrio fischeri LMG 4414T
Enterovibrio coralii LMG 22228T

Photobacterium damselae LMG 7892T
Photobacterium phosphoreum LMG 4233T
Photobacterium angustum LMG 8455T
Photobacterium leiognathi LMG 4228T
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Grimontia hollisae LMG 17719T

LI

LIl
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isolates, 17 unidentified isolates, and one potentially misclassified
V. vulnificus isolate) had been characterized using a standard
panel of 46 phenotypic tests that are routinely used for identifica-
tion of enteric bacteria (5, 6) (Table 1). All isolates grew on thio-
sulfate-citrate-bile salts-sucrose (TCBS) agar, a selective medium
for isolation of vibrios. The template for PCR was prepared as a
crude lysate, according to the method described by Tarr et al.
(7), from a single colony that had been grown overnight at 37°C
on tryptic soy agar (TSA) II with 5% sheep blood (Difco,
Franklin Lakes, NJ). We applied the multilocus sequence anal-
ysis (MLSA) approach of Thompson et al., which uses internal
segments of housekeeping genes (pyrH, recA, rpoA, and 16S
rRNA) (8). Amplicons were purified with the QIAquick PCR
purification kit (Qiagen, Valencia CA) and were sequenced on
an Applied Biosystems 3730 DNA analyzer (Life Technolo-
gies), following the manufacturer’s instructions. Lasergene
software (DNASTAR, Inc., Madison, WI) was used to analyze
chromatograms. Genetic distances (d values) were calculated
in MEGA4 (9) with the Kimura 2-parameter model (10), and
the neighbor-joining algorithm was used to construct phyloge-
netic trees. The trees included sequences from GenBank for 53
Vibrio and 9 Vibrionaceae species. The robustness of each branch
was estimated by the interior branch test (IBT) (11) with 1,000
replications.

Of the four genes sequenced, three (pyrH, rpoA, and recA) pro-
duced concordant phylogenies (individual trees not shown);
therefore, these three genes were concatenated and a single tree
was constructed from the 1,443-bp alignment (Fig. 1). The 16S
rRNA gene tree did not show concordance with that for the other
genes (Fig. 2), and it was examined separately. The tree con-
structed from the concatenated alignment showed that all previ-
ously unidentified isolates and the apparently misclassified V. vul-
nificus isolate were more closely related to V. navarrensis than to
other Vibrio species; however, 14 of the isolates clustered with the
Vibrio navarrensis type strain, while the remaining four isolates fell
into another, closely related cluster (Fig. 1). Each cluster was
highly supported by the IBT (99%). For convenience, the cluster
containing the V. navarrensis type strain was designated lineage I
(LI), whereas the second, closely related group was referred to as
lineage IT (LII). The average distance between the 14 isolates in LI
and the type strain (LMG 15976T) was d = 0.01, whereas the
average distance between the isolates in LIl and LMG 15976T was
d = 0.062. The average divergence between the two lineages (d =
0.063) was similar to the distance between closely related species
pairs, such as V. cholerae and Vibrio mimicus (d = 0.074) and
Vibrio furnissii and Vibrio fluvialis (d = 0.065). Based on the con-
catenated gene tree, we concluded that LI isolates could be iden-
tified as V. navarrensis, but LII isolates could represent a separate
species. We conducted BLAST searches with LII sequences and,
consistent with the phylogenies shown here, we did not find any
match closer than V. navarrensis. The BLAST results suggest that,
if LII is a species distinct from V. navarrensis, then it could be a
novel undescribed species; however, more information is needed
to make this determination.

FIG 1 Phylogenetic tree constructed from a 1,443-bp alignment of concate-
nated pyrH-recA-rpoA sequences. Previously characterized V. navarrensis
strains are indicated in bold. Numbers above the branches indicate the prob-
ability that the branch length is greater than zero based on the interior branch
test; only values of =95 are shown. Scale bar, 0.02 nucleotide substitutions per
site.
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o7 | Vibrio navarrensis 2232 (LI)
2422-86 (Stool) ( LI)

2544-86 (Blood) (LI)

2421-86 (Stool) (LI)

Vibrio navarrensis LMG 15976T (LI)
2462-79 (Wound) (LI)

AM 37820 (Blood) (LI)

2481-86 (Blood) (LI)

2543-80 (Unknown source) (LI)
08-2466 (Ear) (LI)

08-2461 (Wound) (LI)

AM 36848 (Blood) (LI)

08-2462 (Blood) (LI)

2578-87 (Dolphin) (LI)

0053-83 (Wound) (LI)

2538-88 (Blood) (LIl)
— 1048-83 (Blood) (LII)
—2423-01 (Blood) (LII)

2756-81 (River water) (LII)
[—08-2467 (Wound) (LI)

- Viibrio vulnificus LMG 13545T
Vibrio vulnificus CMCP6
99 &= Vibrio vulnificus YJ016
Vibrio hispanicus LMG 13240T
) Vibrio dlazotrophlcus LMG 7893T
Vlbrro anguillarum LMG 4437T
9 LVibrio ordalii LMG 10951
99 Vibrio ichthyoenteri LMG 19664T
Vibrio scophthalmi LMG 19158T

Vibrio aestuarianus LMG 7909T
Vibrio metschnikovii LMG 11664T
Vibrio pacinii LMG 19999T

Vibrio mediterranei LMG 11258T

Vibrio orientalis LMG 7897T

[ Vibrio pectenicida LMG 19642T

Vibrio splendidus LMG 19031T
Vibrio chagasii LMG 13237
Vibrio pomeroyi LMG 20537T

Vibrio cyclitrophicus LMG 21359T
Vibrio tasmaniensis LMG 20012T
Vibrio kanaloaei LMG 20539T
Vibrio lentus LMG 21034T

Vibrio fluvialis LMG 7894T

Vibrio furnissii LMG 7910T

Vibrio fortis LMG 20547

99 % Vibrio fortis LMG 21557T

Vibrio tubiashii LMG 10936T

Vibrio brasiliensis LMG 20546T
Vibrio diabolicus LMG 19805T
Vibrio mytili LMG 19157T
Vibrio nereis LMG 3895T
Vibrio hepatarius LMG 20362T
Vibrio gallicus LMG 21330T
98 Vibrio xuii LMG 21346T
Vibrio breoganii LMG 24484
Vibrio halioticoli LMG 19700
Vibrio ezurae LMG 19970T
Vibrio rumoiensis LMG 20038T
Vibrio harveyi LMG 7890

Vibrio proteolyticus LMG 3772T
Vibrio campbellii LMG 11216T

Vibrio rotiferianus LMG 21460T

Vibrio parahaemolyticus LMG 2850T
Vibrio pelagius LMG 3897T

Vibrio alginolyticus LMG 4409T

Vibrio harveyi LMG 4044T

Vibrio natriegens LMG 10935T

Vibrio aerogenes LMG 19650T
| I Vibrio nigripulchritudo LMG 3896T
Vibrio penaeicida LMG 19663T

Aliivibrio fisheri LMG 4414T
—%'Emﬁvibrio logei LMG 19806T
Aliivibrio wodanis LMG 24053

0.005
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Vibrio navarrensis biotype pommerensis CH-291

E Vibrio mimicus LMG 7896
0. Vibrio cholerae LMG 21698T

Vibrio cinci iensis LMG 7891T

Vibrio gazogenes LMG 19540T
4'_? Vibrio corallilyticus LMG 20984T
Vibrio neptunius LMG 20536T

99 Enterovibrio coralii LMG 22228T
_l——|l Grimontia hollisae LMG 17719T
Photobacterium damselae LMG 7892T
o Photobacterium phosphoreum LMG 4233T
@en‘um angustum LMG 8455T
Photobacterium leiognathi LMG 4228T

In contrast, the 16S rRNA gene tree did not separate the 20
isolates into two distinct lineages (Fig. 2), and the tree placed V.
cholerae and V. mimicus in the V. navarrensis cluster. The 16S
rRNA gene sequences from the 20 isolates contained a number
of unresolved positions, presumably the result of polymor-
phism among multiple operons, a phenomenon that has been
described previously for Vibrio (12, 13). There were 1,155 nucle-
otide sites in the alignment; of those, 22 were polymorphic, and
only one of those could be unambiguously determined in all 20
sequences. We concluded that the fragment of the 16S rRNA gene
we used here was not useful for phylogenetic clustering and iden-
tification of the closely related Vibrio isolates we examined in this
study.

We summarized phenotypic profiles separately for the two lin-
eages (Table 2). We did not find a clear diagnostic difference be-
tween the two lineages and could not separate them into two spe-
cies or different biotypes based on phenotype. We did compare
the LII profile to published data for V. navarrensis biotype pom-
merensis (4). Although sample sizes for both groups were small
and the phenotypic test panels only partially overlapped, there
were four characteristics for which the two lineages differed (Table
2). Thus, we concluded that it is unlikely that LII represents V.
navarrensis biotype pommerensis. A 16S rRNA gene sequence was
available for a biotype pommerensis strain (Fig. 2), but the tree
could not shed light on the relationships among isolates. Further
study is ongoing, including genome sequencing, to help resolve
the taxonomic status of the LIL isolates; however, a comprehensive
comparison of Vibrio strains is still needed, since sequences are
not available for all described Vibrio species.

Without the knowledge that V. navarrensis can be recovered
from human specimens, the phenotypic characteristics of the spe-
cies could make it difficult to differentiate from sucrose-positive
V. vulnificus. A positive reaction for phenylalanine deaminase is
rare among clinically relevant Vibrionaceae strains, but it was
nearly ubiquitous in the isolates that we examined and is also fairly
common among V. vulnificus strains. Positive results for esculin
hydrolysis and cellobiose fermentation were also common
among our study isolates, and these characteristics are typical
of V. vulnificus but are unusual among the other Vibrionaceae
species that are commonly isolated in clinical laboratories. One
notable distinction is that the V. navarrensis isolates showed neg-
ative test results for lysine and ornithine decarboxylase and argi-
nine dihydrolase. The clinically relevant Vibrionaceae species, in-
cluding V. vulnificus, generally utilize one or more of these
pathways, with the exception of Grimontia hollisae (formerly
Vibrio hollisae) (5); however, G. hollisae utilizes few of the sub-
strates in the test panel and so would not be confused with V.
navarrensis. We note that the aforementioned shared characteris-
tics were the basis for inclusion in the study, and so V. navarrensis
isolates exhibiting different characteristics would not have been
included in the study.

In summary, a key finding of this study was the identification of
human clinical isolates as V. navarrensis. Our characterization of
V. navarrensis uncovered a second distinct lineage (LII), which

FIG 2 Gene tree constructed from a 1,041-bp alignment of 16S rRNA gene
sequences. Previously characterized V. navarrensis strains are indicated in
bold. Numbers above the branches indicate the probability that the branch
length is greater than zero based on the interior branch test; only values of =95
are shown. Scale bar, 0.02 nucleotide substitutions per site.
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TABLE 2 Phenotypic test results for Vibrio navarrensis (LI) and associated lineage (LII) with Vibrio vulnificus for comparison

% positive by day 7 Reaction result’
Vibrio Lineage I Lineage II V. navarrensis LMG V. navarrensis biotype
Phenotypic test” vulnificus® (n=16) (n=4) 15976T pommerensis®
Indole production (HIB)® 97 56 75 + +
Methyl Red® 80 100 100 + +
Voges-Proskauer® 0 0 0 - -
Citrate, Simmons’ agar 75 75 25 + (5) -
H,S-TSI 0 0 0 - -
Urea hydrolysis 1 19 0 - -
Phenylalanine deaminase 35 94 100 + -
Lysine, Moeller’s medium® 99 0 0 — —
Arginine, Moeller’s medium® 0 0 0 - -
Ornithine, Moeller’s medium® 55 0 0 — —
Motility 99 81 100 - +
Malonate utilization 0 19 0 - -
D-Glucose, acid production 100 100 100 + +
D-Glucose, gas production 0 0 0 — —
Acid production from
D-Adonitol 0 0 0 - -
L-Arabinose 0 6 0 - -
D-Arabitol 0 0 0 - -
Cellobiose 99 94 100 + +
Dulcitol 0 0 0 - -
Erythritol 0 0 0 - ND
D-Galactose 96 56 25 - ND
Glycerol 1 0 0 - +
myo-Inositol 0 0 0 - -
Lactose 0 12 0 - +
Maltose 100 100 100 + (5) +
Mannitol 45 100 100 + +
Mannose 98 94 100 + (5) ND
Melibiose 40 6 0 - ND
a-Methyl-D-glucoside 0 0 25 - ND
Raffinose 0 0 0 = -
L-Rhamnose 0 6 100 - -
Salicin 95 19 50 - ND
D-Sorbitol 0 12 75 - -
Sucrose 15 100 100 + +
Trehalose 100 100 100 + +
D-Xylose 0 0 0 - -
Mucate 0 0 0 - -
Esculin hydrolysis® 40 75 75 - ND
Acetate utilization 7 56 100 - ND
Nitrate reduction to nitrite® 100 94 100 + +
Oxidase 100 100 100 + +
DNase (25°C) 50 94 100 + (5) ND
ONPG test 75 50 0 + ND
Tyrosine clearing 75 94 75 + +
Growth in nutrient broth with
0% NaCl 0 0 0 - -
1% NaCl 99 100 100 + +

“ HIB, heart infusion broth; TSI, triple sugar iron agar; ONPG, o-nitrophenyl-3-galactopyranoside.
b Numbers in parentheses indicate the number of days of incubation required to observe a positive reaction. +, positive reaction after 48 h of incubation at 36°C; —, negative result

after 48 h of incubation; ND, not determined.

¢ Strain data were obtained from reference 6.

4 Phenotypic results were obtained from reference 4.

¢ Tests were performed with NaCl at a final concentration of 1%.

likely represents a distinct and possibly novel Vibrio species. Ge-
nome sequencing could identify virulence mechanisms through
comparisons with other pathogenic vibrios. Vibrio navarrensis was
isolated from diverse human sources, including blood samples,
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strongly suggesting that it is a human pathogen. Further studies
are required to demonstrate its role in human disease and to learn
more about its epidemiology and prevalence and the clinical out-
comes associated with infection.
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Nucleotide sequence accession numbers. The sequences gen-
erated in this study were deposited in GenBank under accession
numbers KJ807092 to KJ807171.
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