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We determined the association between DNA load and mortality in patients with Vibrio vulnificus infection.
Real-time PCR performed on sera of 27 culture-positive patients showed a significantly higher median DNA
load in nonsurvivors than in survivors. Hence, real-time PCR can be used as an early prognostic factor in V.
vulnificus septicemia.

Vibrio vulnificus is a halophilic, virulent, Gram-negative ba-
cillus that can cause primary septicemia, wound infection,
and/or gastroenteritis and is acquired by consumption of raw
fish or shellfish or exposure of wounds to contaminated sea-
water (5, 10, 13). The mortality rate in cases of V. vulnificus
infection due to shellfish consumption is approximately 53%,
but it is even higher (67%) in patients with liver disease (1).
The mortality rate may increase to 100% in patients with
septicemia if treatment is delayed by 72 h (11).

DNA hybridization, enzyme assays, and various PCR meth-
ods targeting V. vulnificus-specific genes have been used for
diagnosis. Real-time PCR technology enables quantification of
microorganisms (9, 16). An association between disease sever-
ity/mortality and bacterial DNA load measured by quantitative
real-time PCR has been demonstrated for Neisseria meningiti-
dis and Staphylococcus aureus infections (2, 6), but there has
been no such study reported for patients with Vibrio septice-
mia. Our aim was to determine the association between dis-
ease-related mortality and bacterial DNA load in patients with
V. vulnificus infection and whether bacterial load can be used
as an early prognostic factor to predict the severity of disease.

One hundred forty-five patients aged �18 years with skin
and soft-tissue infections (e.g., cellulitis, necrotizing fasciitis) at
four university hospitals were included between 2006 and 2008.
Blood sera of 22 of the V. vulnificus-infected patients in our
previous study (9) were included in this study. Blood, skin, and
soft tissues were cultured on admission.

Clinical isolates were initially identified with a Vitek II au-
tomated system (bioMérieux, Marcy l’Etoile, France). Serum
was stored at �70°C, and DNA was extracted by using Qiagen
blood mini kit, followed by real-time PCR targeting the V.
vulnificus-specific toxR gene. The toxR gene was cloned as de-
scribed by Takahashi et al. (14), using sequences in GenBank

(accession no. AF170883). The primers used were tox-130 (T
GTTCGGTTGAGCGCATTAA) and tox-200 (GCTTCAGA
GCTGCGTCATTC), and the probe was (6-carboxyfluoresc
ein–CGCTCCTGTCAGATTCAACCAACAACG–Black
Hole Quencher-1) (9, 14). V. vulnificus infection was confirmed
by identifying V. vulnificus in blood, skin, or soft tissue. This
study was approved by the Ethics in Human Research Com-
mittee of each participating university hospital.

All statistical analyses were performed with SPSS version
17.0. Discrete variables were expressed as percentages of
counts, and continuous variables were expressed as medians
and interquartile ranges (IQRs). For continuous data, com-
parisons between groups were made with the Mann-Whitney
test, with the association between bacterial DNA load and
mortality being evaluated by the nonparametric Mann-
Whitney U test. The correlation between bacterial DNA
load and APACHE II score was assessed using the Spear-
man correlation coefficient. A P value of �0.05 was consid-
ered statistically significant.

V. vulnificus was identified by culture in 32 of the 145 pa-
tients. Real-time PCR was performed on sera obtained from
27 of these 32 patients on admission; the mean age of the 27
patients was 54.2 years, 22 were male (81.5%), and 13 died of
septicemia (48.1% mortality). Additionally, 18 (66.7%) of the
27 had fever, and altered mentation was observed in 5, all of
whom died.

On admission, the median V. vulnificus DNA load in the 27
culture-positive patients was 625 copies per ml serum (IQR,
109 to 2,740). It was 2,300 copies/ml (IQR, 558 to 11,350;
average of ranks, 18.04) in those who died and 316.5 copies/ml
in the survivors (IQR, 51 to 705; average of ranks, 10.25).
These data yielded a Mann-Whitney U value of 38.5 and a
Wilcoxon W value of 143.5 (P � 0.011). On admission, the
mean APACHE II score was 15 (IQR, 12.5 to 22) for those
who died and 9 (IQR, 6.75 to 14) for the survivors (P � 0.002).
Bacterial DNA load and disease severity showed a continuous
positive correlation (Spearman’s rank correlation, r � 0.450;
P � 0.019; Fig. 1).

We used the area under the receiver operating characteristic
curve as an overall prognostic measure for parameters. The
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accuracy of a fatal prognosis at the time of admission was 0.79
(95% confidence interval [CI], 0.59 to 0.92). At an optimal
DNA cutoff value of 625, the sensitivity and specificity of a fatal
prognosis were 77% (95% CI, 46 to 95%) and 79% (95% CI,
49 to 95%), respectively, with corresponding positive and neg-
ative likelihood ratios of 3.59 and 0.29. At a DNA cutoff value
of 500, the corresponding values were 77% (95% CI, 46 to
95%) and 71% (95% CI, 42 to 91%), respectively. Ten of the
14 patients with �500 copies/ml died, whereas 10 of the 13
patients with �500 copies/ml survived. Only 2 of the 10 pa-
tients with �1,000 copies/ml survived, whereas 12 of the 17
patients with �1,000 copies/ml survived.

When the eight patients who were real-time PCR positive
but culture negative were included, the median DNA load was
774 copies/ml (IQR, 136 to 4,340), i.e., 2,175 copies/ml (IQR,
504.7 to 9,267.5; average of ranks, 22.3) in those who died and
342 copies/ml (IQR, 82.5 to 977.5; average of ranks, 13.5) in
the survivors. The median APACHE II score was 18 (IQR,
13.0 to 23.5) for those who died and 9 (IQR, 6.0 to 12.5) for the
survivors (P � 0.0001).

Since V. vulnificus septicemia rapidly progresses with a sub-
sequent mortality rate of �50% within a few days of disease
onset, early diagnosis and treatment are mandatory (8). Thus,
it is important to predict disease severity and outcome at the
time of patient presentation.

There have been many studies of the association between
the extent of bacteremia and the severity of the clinical picture
(4, 17). Hall and Gold (4) reported that all of 20 patients with
septic shock who had �100 CFU/ml of blood died, compared
with only 41% of those who had �100 CFU/ml of blood.
High-level bacteremia has been shown to correlate with a poor
prognosis in Gram-negative septicemia (3, 15). Advances in
molecular techniques have led to the use of real-time PCR for
predicting disease severity and death (2, 6, 12). Ho et al. (6)

found that the mecA DNA level among patients with methi-
cillin-resistant S. aureus bacteremia was significantly higher in
nonsurvivors than in survivors. Also, Iwaya et al. (7) demon-
strated in a mouse infection model that real-time PCR was
useful for accurately estimating Serratia marcescens cell num-
bers in blood and for predicting the severity of septicemia.
However, no previous studies on the association between the
bacterial DNA load and the severity of V. vulnificus septicemia
or mortality have been done. In our study, we found a signif-
icant difference in the median DNA load at presentation be-
tween patients with V. vulnificus septicemia who died versus
those who survived. In addition, we found that the V. vulnificus
DNA load correlated with the APACHE II score. Hence,
real-time PCR is useful for predicting the prognosis of V.
vulnificus septicemia. A limitation of this study is that it in-
cluded few clinical cases because of the rarity of this infection.

In conclusion, in this study, it was found that in patients
with V. vulnificus septicemia, the V. vulnificus DNA level
was significantly higher in nonsurvivors than in survivors.
The results of this study suggest that real-time PCR can be
used for early prediction of death due to V. vulnificus sep-
ticemia.

We do not have any commercial interest or other association that
might pose a conflict of interest.
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