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Abstract

Nine hundred cases of seafood related diarrhea were reported in the region of Puerto Montt, Chile during the austral summer of 2006. This is the
continuation of the large outbreaks associated with the consumption of seafood containing the Vibrio parahaemolyticus serovar O3:K6 pandemic
clonal group that arose last decade in Chile. The initial outbreaks occurred during the summer of 1998 in Antofagasta (23°39′S 70°24′W).
Subsequently, outbreaks there were rare, but since 2004 outbreaks have been frequent farther south in Puerto Montt (41°29′S 72°24′W). The large
outbreaks in Puerto Montt and their rarity in Antofagasta is atypical because the seawater temperature at Puerto Montt is 5°C lower than at
Antofagasta and the presence of V. parahaemolyticus in seafood has been associated with higher water temperatures. To better understand the role of
seafood in outbreak occurrences in these regions, we analyzed the V. parahaemolyticus populations in clinical cases and shellfish from Puerto Montt
during diarrhea outbreaks in 2006 and in shellfish from Antofagasta, where no cases were observed. Enrichment culture from shellfish yielded no
V. parahaemolyticus from samples from the north, but its presence was detected in 80% of the samples from the south. Grouping of the
V. parahaemolyticus isolates by the fragment restriction pattern of their DNA showed that all pathogenic (tdh+) isolates obtained from Puerto Montt
shellfish corresponded to the serovar O3:K6 South East Asian pandemic clone, while the non-pathogenic (tdh−) isolates corresponded to at least six
discrete groups. The possible causes for the disappearance of the pandemic strain from the north and its persistence in the south are discussed.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Vibrio parahaemolyticus is a marine bacterium that can be
found in edible marine animals. The V. parahaemolyticus found
in seawater are diverse and only a few of the strains found in
seafood can cause diarrhea in consumers. (Alam et al., 2003;
DePaola et al., 2000, 2003a,b; Fuenzalida et al., 2006; Hara-
Kudo et al., 2003). Pathogenicity in V. parahaemolyticus has
been correlated with the presence of two well-characterized
haemolysins, thermostable direct haemolysin (TDH) and TDH-
related haemolysin (TRH; Miyamoto et al., 1980; Honda et al.,
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1990). Before 1996 there were no clear associations of particular
V. parahaemolyticus strains with infections. However, since
then, many infections in different parts of the world have been
associated with a serovar O3:K6 clone originally observed in
Southeast Asia in 1996 (Okuda et al., 1997). Most isolates of
this clone exhibit a unique sequence within the toxRS operon
(toxRS/new) (Matsumoto et al., 2000), and possess a unique
open reading frame, orf8 (Nasu et al., 2000), corresponding to an
associated filamentous phage. Other common properties of
pandemic isolates are the presence of the structural tdh gene and
the absence of both the trh and urease genes found in other
V. parahaemolyticus strains (Suthienkul et al., 1995). The clonal
nature of these pandemic strains has been ascertained by the
close similarity of the patterns obtained by genome restriction
fragment length polymorphism-pulsed field gel electrophoresis
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Fig. 1. Direct genome restriction enzyme analysis (DGREA) with NaeI of clinical
isolates obtained during the outbreaks of January and February 2006 in Puerto
Montt. PM, 100 bp size ladder; VpKX, O3:K6 southeast pandemic isolate, PMC
1.6, 12.6, 16.6 and 18.6, clinical isolates obtained the austral summer of 2006.
(RFLP–PFGE; Wong et al., 2000), arbitrarily primed polymer-
ase chain reaction (AP-PCR; Matsumoto et al., 2000; Okuda
et al., 1997) and direct genome restriction enzyme analysis
(DGREA; Fuenzalida et al., 2006), and also by multilocus
sequence typing (MLST; Chowdhury et al., 2004b).

Seafood-borne diarrhea was rare in Chile until this clone
caused outbreaks in Antofagasta (23°39′S 70°24′W) and
surrounding areas in 1998, with approximately 300 clinical
cases (Cordova et al., 2002; Gonzalez-Escalona et al., 2005).
Since then, clinical cases have been largely absent from this
region and less than 10 cases per year have been observed from
2004 to 2006 (Olea et al., 2005; http://epi.minsal.cl/epi/html/
Actualidad/Vibrio.htm). However, from 2004 onward the same
clone has caused large outbreaks in the environs of Puerto Montt
(41°29′S 72°24′W) in southern Chile (Fuenzalida et al., 2006;
Gonzalez-Escalona et al., 2005). There were approximately 1500
and 3600 reported cases in 2004 and 2005, respectively. For 2006
there were 900 reported cases (Olea et al., 2005; http://epi.minsal.
cl/epi/html/Actualidad/Vibrio.htm).

Before 2004, V. parahaemolyticus infections were very
rare in Puerto Montt, despite the fact that consumption of raw
seafood is common practice (Gonzalez-Escalona et al., 2005).
This was thought to be due to the low surface temperature of
seawater in this region, which is 11 to 16°C year around (http://
www.shoa.cl/cendoc-jsp/index.jsp), since the incidence of
V. parahaemolyticus is strongly correlated with water temper-
ature (Chiou et al., 2000; Kaneko and Colwell, 1973). The large
outbreaks observed in the south obviously contrast with their
absence in the north. The decline of outbreaks in Antofagasta is
not unprecedented. In the Khanh Hoa province of Vietnam,
infection by the pandemic clone that was causing 49% of
diarrhea cases from 1996 onward abruptly stopped in November
1999 (Chowdhury et al., 2004a; Tuyet et al., 2002). A similar
situation was observed in Galveston Bay, TX where this clone
has not been found since it caused the largest V. parahaemo-
lyticus outbreak ever reported in the United States in 1998
(DePaola et al., 2000). In Chile, however, the situation is
peculiar, because the outbreaks disappeared in the north but have
continued in the south where the seawater is 5°C colder (http://
www.shoa.cl/cendoc-jsp/index.jsp). In an effort to understand
this situation, we studied the outbreaks in the summer of 2006,
analyzing V. parahaemolyticus in the clinical cases in Puerto
Montt and in popularly consumed shellfish in both Puerto Montt
and Antofagasta.

2. Methods

V. parahaemolyticus RIMD 2210633 (VpKX) was obtained
from the Research Institute for Microbial Diseases, Osaka
University, Japan. Isolates obtained in the summers of 2004
and 2005 have been previously described (Fuenzalida et al.,
2006).

V. parahaemolyticus from clinical cases of 2006 were
obtained from rectal swabs of 19 patients with acute diarrhea
associated with seafood consumption who sought medical
attention during January and February at the Hospital Regional
de Puerto Montt. Analysis of the isolates was performed
as previously described (Fuenzalida et al., 2006; Gonzalez-
Escalona et al., 2005).

Seafood samples were collected at Puerto Montt and
Antofagasta during January and February 2006. Samples from
Puerto Montt were 80% small mussels (Mytilus chilensis)
and 20% clams of the species Venus antiqua. Samples from
Antofagasta were all clams of the species Protothaca thaca. The
samples were collected directly at the growing sites and pro-
cessed no later than 4h after collection. Enrichment, isolation,
enumeration, screening and confirmation were performed as
described in the Bacteriological Analytical Manual of the US
Food and Drug Administration (Kaysner and DePaola, 1998).
Briefly, 50g of 10–15 animals were homogenized in 450ml of
phosphate buffered saline. The homogenate was seeded at
different concentrations into three series of tubes containing
alkaline peptone water (APW), starting with tubes containing 1g
of homogenized soft tissue. After incubation overnight at 37°C
each tube showing bacterial growth was tested by PCR
amplification for the presence of tlh, tdh and trh as described
(Bej et al., 1999), except that instead of DNA extraction for PCR
the APW cultures were simply boiled as described by Black-
stone et al. (2003). Total and pathogenic V. parahaemolyticus
loads were calculated from most probable numbers determined
by reference to MPN tables (Kaysner and DePaola, 1998) and
the observed PCR positive dilutions of tlh or tdh.

For bacterial isolation, 0.1ml of fluid from the surfaces of the
medium in APW tubes showing bacterial growth was streaked
onto thiosulfate citrate bile salts sucrose (TCBS) plates and
incubated overnight at 37°C. Ten green colonies were purified
from each sample and identified by API-20E for enterobacteria
(BioMerieux, Halzelwood, MO) according to the manufac-
turer's instructions. Isolates were genotyped by direct genome
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Fig. 2. Polyacrylamide gel electrophoresis of the products obtained by PCR
amplification of tlh from APWenrichment cultures. MW, 100 bp size ladder; (−)
negative control; VpKX, O3:K6 southeast pandemic isolate; X, APW
enrichment culture from Antofagasta samples.
restriction enzyme analysis (DGREA) as described by Fuenza-
lida et al. (2006).

Amplification and sequencing of the highly variable region of
the 16S rRNA between nucleotides 357–518 (E. coli numbering)
were performed as previously described (Moreno et al., 2002).
Sequencing of the product obtained after amplification for tlhwas
performed using the same primers employed for amplification
(Bej et al., 1999). The sequences of tlh and 16S rRNA that were
obtained have been deposited in GenBank (DQ660364_660367).

3. Results

3.1. V. parahaemolyticus in clinical cases of 2006

PCR amplification of the DNA from V. parahaemolyticus
isolates from 19 clinical cases showed that every isolate was
orf8, tlh and tdh positive and trh negative, like the pandemic
clonal strains (Bej et al., 1999; Gonzalez-Escalona et al., 2005;
Fig. 3. Direct genome restriction enzyme analysis (DGREA) with NaeI of Vibrio par
and dendrogram illustrating the clusters of the patterns by dissimilarity. The gel show
years are indicated with the name assigned to that group at that time between parenthe
PMA1.5 and PMA118 are shown in the last lanes on the right.
Laohaprertthisan et al., 2003). DGREA analysis showed that the
clinical isolates gave the same pattern observed for the
Southeast Asian strain RIMD2210633 (VpKX) (Fig. 1).

3.2. V. parahaemolyticus in shellfishes from Antofagasta and
Puerto Montt

While 17 and 10 of 20 samples from Puerto Montt were
positive for total (tlh+) and pathogenic (tdh+) V. parahaemoly-
ticus, respectively, none of the 20 samples from Antofagasta was
positive for either of these markers. trhwas not detected in any of
the analyzed samples. V. parahaemolyticus numbers ranged from
15 to 5500 and 0 to 38 bacteria/g for total (tlh+) and pathogenic
(tdh+)V. parahaemolyticus, respectively. In general tdh+ samples
gave higher tlh titers than tdh− samples (data not shown).
Samples from Antofagasta gave an amplicon after PCR with the
primers for tlh, but this showed a slightly higher electrophoretic
migration than the product obtained with confirmed V. para-
haemolyticus strains (Fig 2). The numbers of bacteria in samples
containing this target were between 104 and 105 per gram of soft
tissue, i.e. 10 to 100 times higher than the load of V. para-
haemolyticus in samples from the south. The sequence of the
PCR product from the samples from Antofagasta showed closer
similarity (91%) with a tlh found in V. alginolyticus (Xie et al.,
2005) than with that of V. parahaemolyticus (82%).

In samples from Puerto Montt, green presumptive V. para-
haemolyticus colonies were frequently the most abundant
colonies on TCBS plates but samples from Antofagasta gave
TCBS plates overcrowded with yellow and black colonies. Only
three green colonies were recovered after screening about 100
of the latter. To recognize the most abundant bacterial colonies
in samples from the north three of each of, green, yellow or
black colonies were characterized by sequencing the variable
16S rRNA region between nucleotides 357 and 518 (E. coli
numbering). The sequence obtained for the green colonies
ahaemolyticus isolates obtained from shellfish collected in the summer of 2006
s representative strains for every observed pattern. Patterns observed in previous
ses. The patterns from isolate VpKX and the isolates obtained in previous years,



Fig. 4. Histogram of seafood samples containing Vibrio parahaemolyticus of the different DGREA groups observed during the summers of 2004, 2005, and 2006.
showed only 95% similarity to the 16S rRNA of V. parahaemo-
lyticus. Sequences obtained from yellow and black colonies were
more closely related to V. harveyi (98%) or Shewanella spp.
(97%), respectively, than to V. parahaemolyticus.

3.3. Diversity of V. parahaemolyticus in shellfish from
Puerto Montt

tdh+ isolates were only obtained from six of the 10 tdh+
samples appearing positive by PCR of their APW enrichment
cultures. The 17 tlh+ tdh+ isolates obtained from the tdh+
samples and the 41 tlh+ tdh− isolates selected from the 17 tlh+
samples were genotyped by DGREA. The 17 tdh+ isolates were
identical to the pandemic Southeast Asian strain RIMD2210633
(VpKX), whereas the 41 tdh− isolates clustered into six different
groups (Fig. 3). Each of the sevenDGREApatterns found in 2006
was compared to those described in previous years, and when the
same or similar pattern was found the matching was confirmed by
electrophoresis of the isolates’ restricted DNA in the same gel.
Only three of the seven patterns found in 2006 (including VpKX)
had been observed in the two previous years. They corresponded
to patternsVpKXand 118 observed in both 2004 and 2005, and to
pattern 1.5 observed in 2005 (Fuenzalida et al., 2006). Overall,
including VpKX, 20 patterns have been observed since 2004.
Fig. 4 combines data of the summer of 2006 with data previously
reported in part to show the number of shellfish samples con-
taining each of the groups observed each year since 2004.

4. Discussion

Our results show that the outbreaks caused by the pandemic
Southeast Asia clone continued for the third consecutive year in
the Puerto Montt region. These outbreaks are apparently due to
the persistence of pathogenic V. parahaemolyticus in most of
the shellfish extracted from this region. The pandemic clone
seems to be the only pathogen in the shellfish population since
all other isolates examined lacked the tdh and trh genes present
in pathogenic strains. Additionally, none of the other DGREA
groups were found among the isolates obtained from clinical
cases (Fuenzalida et al., 2006). On the other hand, the absence
of clinical cases in Antofagasta is best explained by the disap-
pearance of the pandemic strain that caused the outbreaks in
1998 from shellfish in the region. Not only was the pathogenic
strain undetectable (b0.3 MPN/g) in these shellfish, but the total
load of bona fide V. parahaemolyticus was below the detection
limit, though the load of Vibrio-like bacteria was 10 to 100
times larger in samples from Antofagasta than in those from
Puerto Montt. However, total and pathogenic V. parahaemoly-
ticus may have been more prevalent than observed in this study
because of a possible inhibition which has been sometimes
observed for PCR of APW enrichment culture tubes containing
1 g of tissue.

The larger bacterial load in shellfish from Antofagasta is
probably due to the higher temperature of the seawater in this
region. The absence of V. parahaemolyticus could be due to their
displacement due to competition by the high load of Vibrio-like
bacteria. These bacteria corresponded mainly to the generaVibrio
and Shewanella. Bacteria of this last genus degrade sulfur-con-
taining amino acids and produce volatile sulfides including H2S
(Gram and Huss, 1996), which is probably responsible for the
black color of the abundant colonies observed on the TCBS
plates. None of the isolates gave the tlh amplification product
observed with the DNA from APWenrichment cultures, but it is
likely that this came from some of the yellow colonies since the
presence of tlh has also been detected in some V. alginolyticus
strains (Xie et al., 2005).

The absence of V. parahaemolyticus in the north contrasts
with their presence in 85% of the shellfish from the south. The
percentage of tdh+ samples (50%) found in Puerto Montt in
2006 was much higher than the 6% observed during the
summers of 2004 and 2005 (Fuenzalida et al., 2006), but this
observation may be explained by the use of a more sensitive



procedure this time. In the summers of 2004 and 2005 the
pathogenic strains from, on average, three V. parahaemolyticus
colonies per sample were tested by PCR amplification. The direct
detection of these markers in the enrichment cultures employed
this time probably involved testing of a much larger number of
strains of V. parahaemolyticus. The total V. parahaemolyticus
load of 15 to 5500 bacteria per gram of shellfish soft tissue found
in samples from Puerto Montt was not much lower than that
reported for samples of shellfish from other, more temperate
regions, despite the fact that the seawater temperature never
increases above 18 °C during the summer (Alam et al., 2003;
Deepanjali et al., 2005; DePaola et al., 2000, 2003a; Hara-Kudo
et al., 2003). From the ratio between the MPN values for tdh+
samples (2 to 38 bacteria/g) and tlh+ samples (240 to 5500
bacteria/g) in samples with detectable tdh, a rough estimate of 1
tdh+ V. parahaemolyticus per 100 total V. parahaemolyticus
seems realistic.

DGREA allows obtaining the patterns of restriction frag-
ments generated from the bacterial DNA. This method discri-
minates among strains by the patterns of 500–2000 bp size
fragments generated by direct restriction of the total bacterial
DNA, with similar discriminatory power to RFLP–PFGE.
According to the DGREA analysis, the V. parahaemolyticus
load in shellfish from Puerto Montt is mainly composed of
organisms of at least 20 groups. Only 7 to 11 groups are present
in detectable amounts each summer and only a few persist in
detectable amount more than one summer. Among these last
groups is the pandemic clone, which has persisted for three
consecutive years. This capacity to persist in shellfish–and
maybe in other hosts or habitats–more effectively than other
V. parahaemolyticus clones may be one cause for its successful
worldwide spread.
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