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Abstract

Vibrio vulnificus is a gram-negative, halophilic bacterium normally found in temperate marine and 
estuarine waters. The organism may enter wounds in the skin and cause sepsis or necrotizing fasciitis; 
the latter condition has a 50-60% mortality rate and may result in death or disfigurement within 4-6 
days. Persons exposed to coastal flood waters during hurricanes may be at risk for this organism. The 
virulence-correlated gene, vcgC, is specific for clinical isolates of V. vulnificus, but the function of this locus 
remains unknown. This study used Polymerase Chain Reaction (PCR) and novel primers for vcgC not 
previously described to specifically identify V. vulnificus isolates from the Texas Coastal Bend region that 
may result in serious infections. Of the 28 isolates, four isolates could not be revived multiple times; crude 
lysates of the remaining 24 Vibrio vulnificus cultures were analyzed by PCR, and 19 were found to have 
amplicons of 428bp for vcgC. This study confirms the presence of the vcgC gene in V. vulnificus isolates 
from the Texas Coastal Bend region of the Gulf of Mexico.

Keywords: PCR; Virulence factors; VcgC; Genome plasticity; Pathogenic marine bacteria

Abbreviations: ATCC : American Type Culture Collection, Manassas, VA,USA; N/A: Not Applicable; N/D: 
Not Done; WGS: Whole Genome Sequencing

Introduction
Vibrio vulnificus is a mesophilic, halophilic, asporogenous curved bacillus native to marine 

and estuarine waters. The organism may live in a planktonic state as single cells, or as a 
biofilm associated with the mucus on the skin of finfish and reside on the chitin exoskeletons 
of crustaceans, the calcareous shells of mollusks, or within the tissues of mollusks [1]. V. 
vulnificus has environmental importance as part of the marine ecosystem, but also major 
medical importance, as human hosts may contract gastroenteritis from raw or improperly-
cooked seafood [2], or may contract type III necrotizing fasciitis through wounds exposed 
to marine waters [2,3]. Recently, persons living in Florida who were exposed to flood waters 
resulting from Hurricane Ian in September 2022 and Hurricane Nicole in November 2022 
reported much higher exposure to V. vulnificus. As of April 2023, the Florida department of 
health reported throughout the entire state of Florida 74 cases of vibriosis and 17 deaths in 
2022 compared to 36 cases and seven deaths in 2020 and 34 cases and 10 deaths in 2021; 
the majority of cases were reported in Lee county, FL, with 28 cases and eight deaths [4]. This 
county was hardest hit by flood waters from Hurricane Ian. The overall figures for the state of 
Florida represent an increase in cases of 88% and a 70% increase in fatalities from vibriosis 
between 2021 and 2022. This pattern of increased numbers of vibriosis cases was also seen 
after Hurricane Katrina in Louisiana in 2005 [5]. The Coastal Bend region of south Texas is 
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also prone to hurricanes, as seen with Hurricane Harvey in 2017. 
Flood waters from such storms may expose nearly a half-million 
inhabitants of the region to V. vulnificus, which is a concern for the 
large numbers of persons suffering from various pre-disposing 
conditions that increase susceptibility to vibrio wound infections 
such as diabetes, immunocompromising conditions including 
cancers, liver and kidney diseases, and hemochromatosis [6-8]. The 
incubation period for V. vulnificus wound infections ranges from 
three hours to 12 days, but symptoms appeared on average within 
24 hours [7]. The time from wound inoculation to death ranged 
between three to nine days, but the average time was 4.5 days [6-8]. 
Clearly, rapid and accurate methods of identification of V. vulnificus 
in persons exposed to flood waters is critical to prevent the 
morbidity and mortality seen with V. vulnificus wound infections.

V. vulnificus may be characterized into three biotypes; most V. 
vulnificus infections in humans result from entry of biotype 1 [6]. 
Randomly amplified polymorphic DNA analysis revealed that V. 
vulnificus isolates were very heterogeneous [9], suggesting that 
other factors may confer virulence to this species. Subsequent 
investigations using traditional PCR described a locus unique to 
V. vulnificus biotype 1 isolates, titled the Virulence-Correlated Gene 
(vcg) [10], which has two allelic forms, vcgC and vcgE, both with 
functions remaining 3PCR Analysis of vcgC in Vibrio vulnificus 
unknown [11]. Strains possessing vcgC comprise 90% of clinical 
isolates, while strains with vcgE comprise 93% of environmental 
isolates [10]. Fermentation of mannitol was linked 100% to 
C-genotype strains, but only 40% of the time to E-type genotype 
[12]. In addition, the C-type showed increased resistance to human 
serum [13], indicating that this vcg genotype produces some 
unknown factors that provide increased ability to cause human 
infections. A later study indicated that C-genotype bacteria may 
have water and humans as a preferred host, while E-genotype 
may have oysters as a preferred host [14]. A recent report [15] 
compared predictive values, sensitivity and specificity of one 
phenotypic assay (D-mannitol fermentation) and three genotypic 
assay involving quantitative real-time PCR (16S rRNA of rrnA and 
rrnB genes, vcgC/E polymorphism and pilF polymorphism) of 171 
environmental isolates and 81 clinical isolates. These bacteria 

were collected from South Carolina, Florida, Louisiana or Texas; or 
from Florida, Alabama or Texas, respectively. Their thorough study 
validated these four methods but did not list which gene loci of 
which individual isolates occurred at specific locations, especially 
the Coastal Bend region surrounding the city of Corpus Christi, 
which is the largest urban area situated on the Texas Gulf Coast, 
as Houston is located 50 miles or 80 kilometers from the Gulf. In 
addition, use of qPCR may not be plausible to implement following 
a hurricane due to destruction of laboratory infrastructure and 
inconsistent availability of electricity. Since little information 
was available on the vcgC locus, especially for Texas Coastal Bend 
isolates, devising primers using the vcgC locus might be more 
useful in distinguishing Vibrio vulnificus infections resulting from 
the floodwaters of hurricanes. This current investigation focused 
on the vcgC locus using traditional PCR, which can be performed 
by undergraduate students using basic thermocyclers and 
rudimentary gel electrophoresis equipment powered with basic 
generators. The purpose of this study was to design and use primers 
to identify vcgC within isolates taken from the coastal bend region. 
The primers described in this report are novel and have not been 
used in prior investigations. The study described herein suggests 
that vcgC alone may be a quicker method of analyzing pathogenic 
isolates of Vibrio vulnificus from this region, and the significance of 
this study is that these novel primers may be used under limited 
technical conditions (basic electricity, loss of more complicated 
real-time thermocyclers) to identify V. vulnificus isolates that may 
cause morbidity and mortality in persons exposed to hurricane 
flooding.

Method and Materials
Microorganisms

Strains were collected from the estuarine and marine waters of 
the Texas Coastal Bend and confirmed as V. vulnificus as originally 
described [16,17]. Additional characterization of the genomes as 
Vibrio vulnificus was performed as described previously [18,19]. 
Table 1 shows the 28 isolates; their genome sequences may be 
found in NCBI under bio project accession number PRJNA607302 
[18,19].

Table 1: Vibrio vulnificus isolates used in this study.

V. vulnificus Isolate Location in Coastal Bend Region Whole Genome Sequencing 
(WGS) Number Source

American type culture collection 
27562 N/A AMQV01 Manassas, VA USA; “wild type”

ARA 0040407-39 Aransas Bay WGS 18022 [16,17,18,19]

BI 0607-1 Bird Island WGS 18023 [16,17,18,19]

BS 0407-6 Bayside WGS 18024 [16,17,18,19]

BS 0507-4 Bayside WGS 18027 [16,17,18,19]

BS 0507-11 Bayside WGS 18025 [16,17,18,19]

BS 0607-5 Bayside WGS 18031 [16,17,18,19]

BS 0607-9 Bayside WGS 18032 [16,17,18,19]

BS 0607-13 Bayside WGS 18029 [16,17,18,19]

BS 0607-31 Bayside WGS 18030 [16,17,18,19]
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BS 0906-13 Bayside WGS 18033 [16,17,18,19]

BS 0906-130 Bayside WGS 18034 [16,17,18,19]

BS 1006-273 Bayside WGS 18035 [16,17,18,19]

BS 1106-92 Bayside WGS 18036 [16,17,18,19]

CB 0407-5 Copano Bay WGS 18040 [16,17,18,19]

CB 0407-15 Copano Bay WGS 18037 [16,17,18,19]

CB 0407-18 Copano Bay WGS 18038 [16,17,18,19]

CB 0407-20 Copano Bay WGS 18039 [16,17,18,19]

CB 0507-16 Copano Bay WGS 18041 [16,17,18,19]

CB 0507-20 Copano Bay WGS 18042 [16,17,18,19]

CB 0507-30 Copano Bay WGS 18043 [16,17,18,19]

CB 1006-49 Copano Bay WGS 18056 [16,17,18,19]

CP 0607-10 Cole Park WGS 18057 [16,17,18,19]

CP 1006-27 Cole Park WGS 18058 [16,17,18,19]

CP 1006-37 Cole Park WGS 18059 [16,17,18,19]

NB 0507-8 Nueces Bay WGS 18061 [16,17,18,19]

NB 0507-13 Nueces Bay WGS 18060 [16,17,18,19]

RB 0407-13 Redfish Bay WGS 18063 [16,17,18,19]

RB 0906-57 Redfish Bay WGS 18064 [16,17,18,19]

Chemical media
Saturated overnight cultures of bacteria were grown in tryptic 

soy broth with 2% NaCl (TSB2N) or in Luria-Bertani Lennox broth 
with 2% NaCl (LBL2N). Cultures were preserved cryogenically at -80 
°C in 100% vol/vol glycerol or 3% DMSO. Strains were revitalized 
by growing a 10μl loop of cryopreserved bacteria in Brain Heart 
Infusion Broth with 2% NaCl (BHIB2N), then sub cultured to 2mL 
of LBL2N and grown overnight at 35 °C to a concentration of ~109/
mL Bacteria were kept on solid agar slants of 7mL at ambient room 
temperatures using either Marine agar 2216 slants [20], Brain-
Heart Infusion Agar slants with 2% NaCl, or Luria-Bertani Lennox 
agar slants with 2% NaCl and overlaid with sterile mineral oil.

Preparation of bacterial lysates
A crude lysate method was used to prepare bacterial samples 

[21]. Five hundred microliters of saturated overnight culture were 
washed in 1X TE buffer (100mM Tris-Cl, pH 8.0, 1mM EDTA, pH 
8.0), centrifuged, heated at 100 °C, resuspended in 50μL of lysis 
solution(1mM EDTA, pH 8.0; 0.5% Triton-X100), re-heated at 100 
°C for 10 minutes, then the supernatant kept and used for PCR. 4 
PCR Analysis of vcgC in Vibrio vulnificus.

PCR primers
Primers sets were designed (Table 2) through publicly-

available software packages. The Vibrio vulnificus gene sequence 
for vcgC described previously [10,22] and found as GenBank 
NC_005139 from V. vulnificus strain YJ016 [10,23], was used to 
design new primers. The current forward primer began annealing 
to accession number AY626575.1 from ATCC 27562 about 12 
nucleotides downstream of the original sequence [23]. Primers 
were synthesized at 50nmol scale by Euro fins MWG/Operon 
(Huntsville, AL, USA), resuspended in 1X TE buffer (100mM Tris-Cl, 

pH 8.0, 1mM EDTA, pH 8.0), and aliquoted at -20 °C until use, then 
slowly thawed and diluted to 0.1-1.0μM in sterile deionized water 
just before use. The expected PCR product is an amplicon of 428bp.

Table 2: Vibrio vulnificus vcgC primers used in this study.

Primer Characteristics Sources

vcgC-25F 5’-CCGCCTTTGTCAGTGTTGC-3’ This study

vcgC-453R 5’-CGCCCTGGTTTTGTAGTGC-3’ This study

Generation and analysis of PCR amplicons
PCR reactions were performed in an Eppendorf Master cycler in 

20μL reactions containing 2.0μL of 10X Roche Green PCR Mix with 
magnesium, 0.3μL of 10 mM dNTP solution (Roche), 1.0μL each of 
forward and reverse primers, 0.2μL of Roche Taq DNA polymerase, 
14.2μL of sterile nano-pure water, and 2.0μL of bacterial lysate 
containing DNA. Reactions were done in duplicate at least three 
times at initial denaturation of 94 °C for 5 minutes, followed for 29 
cycles at 94 °C for 40 seconds, 54 °C for 45 seconds, and 72 °C for 45 
seconds with final extension at 72 °C for 10 minutes followed by 4 
°C on hold. The PCR products were electrophoresed on 2% agarose 
gels containing 0.5μg/mL ethidium bromide using 1X Tris-acetate-
EDTA and captured through gel detection system.

Result and Discussion
Initial attempts to detect Vibrio vulnificus isolates described in 

earlier reports were successful with vvhA and rpoS primers [24]. 
However, use of previous primers designed for vcgC [10,11,22] 
were unsuccessful, indicating either technical problems, or that all 
curated isolates contained the vcgE allele, or the primers were not 
specific enough for Texas Coastal Bend isolates. We hypothesized 
that redesigning primers for vcgC and for vcgE for detection of 
local isolates might be a logical step in differentiating whether the 
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Vibrio vulnificus isolates were C-type or E-type. While attempts 
were made to develop multiplex PCR primers, the approach led 
to developing separate sets of vcgC and vcgE primers for separate 
PCR reactions. The original work collected 144 samples from local 
waters and isolated V. vulnificus from 142 samples [17] and use of a 
probe specific for vvhA confirmed 139 isolates as being V. vulnificus 
[16,17]. From these isolates, 42 strains that were cryo-preserved 
were saved after a loss of power from Hurricane Harvey in 2017, and 
these were subjected to whole-genome sequencing [18]. However, 
of these 42 isolates, only 28 isolates could be revitalized for this 

study. Growth of bacteria on marine agar 2216 slants, brain-heart 
infusion agar slants with 2% NaCl, and Luria-Bertani Lennox agar 
slants with 2% NaCl did not resurrect the other bacteria, plus four 
additional isolates did not grow, resulting in 24 isolates analyzed. 
The remaining 24 V. vulnificus isolates were cultured with the type 
strain ATCC 27562 and grown in duplicate in Luria-Bertani Lennox 
broth with 2% NaCl. Table 3 summarizes the results of the PCR 
analysis, and Figure 1 shows a representative 2% agarose gel with 
typical amplicons of 428bp, indicating the primers could amplify 
the vcgC gene. The results are summarized in Table 3.

Figure 1: The 2% agarose gel in 1X Tris-acetate -EDTA with 0.5μg/mL of ethidium bromide shows lane 1: Roche 
molecular weight marker VI; lane 2, BS 0607-5; lane 3, BI 0607-1; lane 4, ATCC 27562; lane 5, CB 0407-18; lane 6 

is a positive control of 50ng of purified ATCC 27562 DNA, and lane 7 is a negative control with no DNA.

Table 3: Results of PCR for vcgC of Vibrio vulnificus isolates described here.

V. Vulnificus Isolate Presence of 428bp Amplicon?

American Type Culture Collection +++

27562  

ARA 0040407-39 +++

BI 0607-1 +++

BS 0407-6 +

BS 0507-4 ++

BS 0507-11 ++

BS 0607-5 +++

BS 0607-9 ++

BS 0607-13 -

BS 0607-31 ++

BS 0906-13 +++

BS 0906-130 ++

BS 1006-273 ++

BS 1106-92 ++

CB 0407-5 ++
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CB 0407-15 +++

CB 0407-18 +++

CB 0407-20 +

CB 0507-16 -

CB 0507-20 +

CB 0507-30 -

CB 1006-49 No growth

CP 0607-10 No growth

CP 1006-27 -

CP 1006-37 -

NB 0507-8 No growth

NB 0507-13 No growth

RB 0407-13 ++

RB 0906-57 ++

+=Yes, 428bp amplicon present for all reactions; ++ two of three reactions positive for amplicon +, one of three reactions 
positive for amplicon; -, no reactions revealed presence of 428bp amplicon.

Previous investigations designed vcgC primer pairs using 
sequences of vcgC from V. vulnificus isolates CMCP6 or YJ016 
[10,22], which were found in Gen Bank under accession numbers 
NC_005139 from 2005 and NC_004459 from 2009, respectively. 
The primers used in this report were obtained from V. vulnificus 
isolate ATCC 27562 [23], accession number AY 626575.1; however, 
this latter sequence was characterized around 2012. A later 
investigation employed the identical primers described earlier [10] 
for Vibrio vulnificus isolates taken from a Mexico city seafood market 
[25]. The original description of quantitative real-time PCR vcgC 
primers were modified for endpoint PCR but were not successful 
due to either technical errors of 5 PCR Analysis of vcgC in Vibrio 
vulnificus neophyte undergraduates performing PCR for the first 
time, primer design in which a consensus sequence was not totally 
accurate in making the comparison between available sequences 
from the isolates that were described, or because the sequence had 
mutated. The first possibility was minimized by having groups of 
undergraduates in different cohorts repeating the PCR reactions in 
technical duplicate or triplicate samples, and also doing biological 
replicates, in which bacterial samples that were cryopreserved from 
different colonies of the original isolated samples [26]. The second 
possibility of an inaccurate consensus sequence cannot be excluded 
but decreasing stringency with decreasing salt concentration in the 
PCR buffer and decreasing melting temperature (Tm) should allow 
annealing of consensus sequences. Those approaches were not 
taken here, as the number of amplicons increased (data not shown). 
The third possibility of mutation is more likely; a report described 
that V. vulnificus genomes had a high level of plasticity [27]. This 
study found unique regions in both YJ016 and CMCP6 strains, called 
genomic islands, with the former strain possessing six unique 
regions not seen in 27 other strains that had been sequenced at that 
time [27]. This report also noted that prior investigations found a 
lack of PCR products with amplification, indicating that V. vulnificus 
isolates, regardless of their origin, “contain a large amount of 
strain-specific DNA” and all members of V. vulnificus characterized 

by whole genome sequencing thus far “possess genes with high 
variability” [27]. Additional studies in this lab confirm plasticity in 
the V. vulnificus genome, especially with designing primers for vcgE 
and multiplex vcgC/E primers [28,29].

Another recent report of comparisons between whole-genomes 
of both YJ016 and CMCP6 focused on the 237 pathogenicity 
associated genes from both strains and compared with two strains 
from Mexico, CICESE -316 and CICESE-325. The analysis showed that 
the Mexican isolates and strain YJ016 shared 63.2% of genes, while 
strain CMCP6 shared 63.9%. No mention was made of the variability 
with the vcgC locus between strains. A recent investigation found 
that use of three real-time PCR assays focusing on the 16S rRNA, vcg 
and pilF genes, coupled with a phenotypic method, fermentation of 
mannitol, accurately differentiated between 81 clinical and 171 
environmental V. vulnificus isolates from different Gulf and Atlantic 
Ocean sites at a sensitivity averaging ~77% and a specificity of 
~80% [15]. Their primers and probes for vcgC were described 
previously [22], and allowed for a characterization of 75.4% being 
vcgE, 15.8% being vcgC, with 8.8% unable to distinguish between 
the alleles. The 39 isolates from Texas waters between 2006 and 
2007 may overlap with some of the isolates studied here, but 
information on specific strains was not available. This redesigned 
primer would be a good test on the measure of plasticity of the 
V. vulnificus genome, or if inability of primers to anneal is due to 
alterations in the genomic islands, insertion of phage genomes or 
transposable elements (R.R. Colwell, pers. comm, 2022). The work 
presented here provides additional information here on specific 
Texas Coastal Bend isolates.

Conclusion
The current study hypothesizes that specific redesign of vcgC 

primers using a more recent sequence of this locus would enable 
additional clarification of the 24 Texas Coastal Bend isolates and 
the vcgC locus. This new primer can detect vcgC in isolates from 
south Texas coastal waters, producing an amplicon of 428bp. The 
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limitation is that additional work with vcgE primers is suggested in 
future studies to definitively categorize these south Texas isolates as 
C- or E- genotype. Coupled with confirmation of vcgC and previous 
whole genome sequencing information from the collection of 42 
strains isolated from the Gulf of Mexico near Corpus Christi [18], 
and with previous works [10,15,18], analysis of these 24 isolates 
further elucidates what genes may be critical for V. vulnificus 
virulence. This study corroborates recent findings described by 
Dickerson et al. [15] on the use of the vcg locus to identify and 
characterize V. vulnificus isolates and also confirms an additional 
primer set for rapid PCR testing.
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