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Abstract

This is the first report on the quantitative method for detecting Vibrio parahaemolyticus using the Bio-Theta
DOX™ system. Seven V. parahaemolyticus strains and 23 non-V. parahaemolyticus strains were assessed. The rate of
positive detection of Vibrio in samples of the 7 V. parahaemolyticus strains at high concentration (105 cfu/ml), medium
concentration (103 cfu/ml), and low concentration (10 cfu/ml) was 100%. All 7 V. parahaemolyticus strains displayed
good linear calibration curves for detection time relative to bacterial count (r > 0.993). The mean negative rate for the
high-concentration (10¢ cfu/ml) non-V. parahaemolyticus samples was 65.2% (15/23) and that for the medium-
concentration (103 cfu/ml) samples was 82.6% (19/23). Positive results for detection of the bacteria were obtained for
some samples among the 7 V. alginolyticus strains and 1 V. harveyi strain tested; however, the detection times for these
species were longer than that for V. parahaemolyticus. A method for measuring total Vibrio counts using the DOX system
has previously been developed. Although further detailed field experiments are needed, regular measurement of total
Vibrio and V. parahaemolyticus counts in shrimp farm pond water should initially help prevent EMS/ AHPNS disease in
these shrimp farming systems.
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Introduction

Early mortality syndrome (EMS) and acute
hepatopancreatic necrosis syndrome (AHPNS) in
cultured shrimp have likely been responsible for
infections in shrimp aquaculture operations in Asian
countries including Thailand, Vietnam, and China. The
outbreak of EMS/AHPNS in cultured shrimp is a
serious economic problem for shrimp exporting
countries including Thailand. According to statistical
data of the Thai Shrimp Association, production
volume of cultured shrimp in 2010 was a maximum of
approximately 640,000 ton. However, the volume in
2013 decreased to about 250,000 ton. Although the
production volume has increased, the outbreak of the
disease is still a primary concern.

The causative organism for these diseases is
V. parahaemolyticus, which has consistently been
isolated  from  EMS/AHPNS-infected  shrimp
(Litopenaeus vannamei) (Tran et al., 2013). V. harveyi was
reported as the causative agent of vibriosis in tiger
prawn (Penaeus monodon), kuruma prawn (Penaeus
japonicus), and pearl oyster (Pinctada maxima) (Pass et
al., 1987; Lavilla-Pitago et al., 1990; De la Pena et al.,
1993). V. alginolyticus inhabits the aquatic environment,
and the organism is easy to isolate from sea fish and
seawater in tropical areas (Farmer et al., 2005). Mass
mortalities in shrimp hatcheries and culture ponds in
Asian countries have been reported (Sunaryanto and
Mariyam, 1986; Baticados et al., 1991). The total Vibrio
count in a typical shrimp farm pond is around 102-104
cfu/ml (Kaneko and Colwell, 1973; Paclibare et al.,
2002; Thakur et al., 2004; Gopal et al., 2005). A total V.
parahaemolyticus count of 106 cfu/ml in immersion
challenge tests can result in the development of
EMS/AHPNS in shrimp (Tran et al.,, 2013). Although
the epidemiology of EMS/AHPNS has not been
completely clarified, shrimp farmers who have
monitored total Vibrio count and V. parahaemolyticus
count in shrimp farming pond water and have found
the count to increase are able to immediately take
measures such as using antibacterial products. Thus,
the development of a rapid and easy on-site method for
measuring the count might be a useful mean for
preventing shrimp from being infected with
EMS/AHPNS or other Vibrio species.

The full genome sequence of V.
parahaemolyticus isolated from EMS/AHPNS-infected
shrimp in Thailand was previously reported (Kondo et
al., 2014). A quantitative method for detecting Vibrio
species using the Bio-Theta DOX™ system has been
developed in our previous study (Tanno et al., 2014).
Moreover, a method for specifically detecting V.
parahaemolyticus using the DOX system has
subsequently been developed, and the present study
appears to be the first report on a V. parahaemolyticus-
specific detection method.

Materials and Methods

Isolates: Seven V. parahaemolyticus strains and 23 non-
V. parahaemolyticus bacterial strains were analyzed in
the present study; all of these strains are listed in Table
1. Eleven bacterial strains were obtained from the
American Type Culture Collection; seven strains were
obtained from the Research Institute for Microbial
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Diseases, Osaka University, Japan; and one strain was
obtained from the Japan Collection of Microorganisms,
Japan. The other 11 strains were isolated from shrimp
farm ponds (4 strains), seawater (3 strains), human
patients (2 strains), shrimp (Litopenaeus vanname:i)
samples (1 strain), and oyster (Crassostrea gigas)
samples (1 strain).

DOX system examination of the isolates: All Vibrio
strains used in the present study were streaked on
trypticase soy agar (Nissui, Tokyo, Japan) with 1.5%
NaCl and the non-Vibrio strains were streaked on
trypticase soy agar alone. All plates were incubated at
37°C for 16-20 h under aerobic conditions. The growing
V. parahaemolyticus  strains were diluted to
approximately 105 cfu/ml (high concentration), 103
cfu/ml (medium concentration), and 10! cfu/ml (low
concentration). Dilutions were prepared in a custom
dilution medium consisting of 1.25 ml of Solution A
(pH 7.2 containing 34 g calcium dihydrogen phosphate
and 10.2 g sodium hydroxide brought to a total volume
of 1,000 ml with distilled water) mixed with 1000 ml of
1.5% sodium chloride (NaCl) solution. The non-V.
parahaemolyticus strains were diluted to about 10¢
cfu/ml (high concentration) or 103 cfu/ml (medium
concentration) in Solution A without added NaCl.
Bacterial concentrations were initially measured by
determining optical density values at 660 nm.
Subsequently, each custom test organism dilution (1
ml) was combined with 1 ml DOX V. parahaemolyticus
media and inoculated into the DOX coliform cassette
and shaken by hand for 30 s. The cassette was placed
in the sample port of the DOX system and left for 24 h.
When the DOX system revealed positive results, total
measurement time was recorded. All samples were
examined in triplicate.

Results and Discussion

Quantitative analysis of V. parahaemolyticus strains:
The results of the high-, medium-, and low-
concentration V. parahaemolyticus samples detected by
the DOX system are shown in Table 2. The mean
positive rate for the high- (105 cfu/ml), medium- (103
cfu/ml), and low-concentration (10 cfu/ml) Vibrio
samples was 100%. The detection time for positive V.
parahaemolyticus samples was 214.3-311.3 min for the
high-concentration samples, 352.0-527.7 min for the
medium-concentration samples, and 514.3-710.3 min
for the low-concentration samples. The rate of change
of the V. parahaemolyticus samples during the detection
period was 0.7-42% for the high-concentration
samples, 0.3-6.6 % for the medium-concentration
samples, and 04-3.9% for the low-concentration
samples. A linear calibration curve between detection
times and bacterial counts was observed for all V.
parahaemolyticus strains. The correlation coefficient (r)
between detection times and bacterial counts for all the
V. parahaemolyticus strains was >0.993.

Quantitative analysis of non-V. parahaemolyticus
strains: For the 23 non-V. parahaemolyticus strain
samples, the mean negative rate for the high-
concentration (106 cfu/ml) samples was 65.2% (15/23)
and that for the medium-concentration (103 cfu/ml)
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samples was 82.6% (19/23). The results for the 8
positive non-V. parahaemolyticus samples detected by
the DOX system are shown in Table 3. Using high-
concentration samples, 5 strains of V. alginolyticus
(Strains No. 8, 10, 11, 13, and 14), and 1 strain of V.
harveyi (Strain No. 18) showed positive for each of 3
replicates. Two of 3 replicate samples of V. alginolyticus
(Strain No. 9) and 1 of 3 replicate samples of V.
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alginolyticus (Strain No. 12) were positive. The
detection times for V. alginolyticus and V. harveyi were
644.0-1102.0 min, and 308.0 min, respectively. At the
intermediate concentration, all 3 replicate samples of
V. harveyi (Strain No. 18) and 1 of 3 samples of V.
alginolyticus (Strains No. 8, 13, 14) were positive. The
detection times for V. harveyi and V. alginolyticus were
693.0 min, and 882.0-1125.0 min, respectively.

Table 1 Vibrio parahaemolyticus and other strains examined in this study

Strain

No Species Strain or source

1 V.parahaemolyticus ATCC» 27969

2 V.parahaemolyticus RIMDP) 2212197

3 V.parahaemolyticus Indonesian sea water

4 V.parahaemolyticus Indonesian pond water for prawn culturing
5  V.parahaemolyticus Shrimp

6  V.parahaemolyticus Clinical

7 V.parahaemolyticus Clinical

8  V.alginolyticus ATCC 17749

9  V.alginolyticus Indonesian pond water for prawn culturing
10  V.alginolyticus Indonesian sea water

11 V.alginolyticus Indonesian sea water

12 V.alginolyticus Indonesian pond water for prawn culturing
13 V.alginolyticus Fresh oyster

14 V.alginolyticus Indonesian pond water for prawn culturing
15  V.cholerar non-O:1 RIMD 2203259

16 V. fluvialis RIMD 2220001

17  V.Furnissii RIMD 2223001

18  V.harveyi RIMD 2224001

19  V.mimicus RIMD 2218001

20  V.oulnificus RIMD 2219031

21 Aeromonas hydrophila JCMo 1027

22 Citrobacter freundii ATCC 8090

23 Enterobacter cloacae ATCC 13047

24 Enterococcus faecalis ATCC 29212

25  Escherichia coli ATCC 25922

26  Klebsiella pneumoniae ATCC 13883

27 Proteus mirabills ATCC 29906

28  Pseudomonas aeruginosa ATCC 27853

29 Staphylococcus aureus ATCC 25923

30  Salmonella Typhimurium ATCC 14028

a) ATCC: American Type Culture Collection.

b) RIMD: Research Institute for Microbial Diseases, Osaka University, Japan.

¢) JCM: Japan Collection of Microorganisms.

Table 2 Results for high-, intermediate-, and low-concentration V. parahaemolyticus samples analyzed using the DOX system

Strain High Intermediate Low . ..
No. concentration  concentration concentration Correlation coefficient (r)

5.21a 3.21 1.21 y =-99.75x + 836.86
1 311.3 (0.7%) ® 527.7 (1.2%) 710.3 (0.4%) 0.9986

5.67 3.67 1.67 y =-75x + 635.21
2 214.3 (0.7%) 352.0 (0.3%) 514.3 (1.9%) 0.9981

5.57 3.57 1.57 y =-98.5x + 824.58
3 280.0 (3.7%) 465.0 (0.9%) 674.0 (3.6%) 0.9963

5.61 3.61 1.61 y=-79x +747.1
4 302.0 (4.2%) 465.3 (3.4%) 618.0 (3.9%) 0.9931

5.74 3.74 1.74 y =-99.25x + 822.2
5 253.7 (3.9%) 450.0 (3.5%) 650.7 (2.8%) 0.9971

5.94 3.94 1.94 y =-89.333x + 765.26
6 234.3 (1.3%) 412.7 2.1%) 591.7 (3.6%) 0.9971

5.85 3.85 1.85 y =-100.25x + 843.46
7 251.0 (0.8%) 468.0 (6.6%) 652.0 (3.1%) 0.9933

a) Log cfu/ml of sample.

b) Mean detection period (min) and rate of change (%) for triplicate measurements per sample.
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Table3  Results of positive non-V. parahaemolyticus samples obtained using the DOX system.

High concentration Intermediate concentration

s;:m Species 1st 2nd 3rd 1st 2nd 3rd
) Mean (Rate of change) Mean (Rate of change)
6.142 3.14
8 V.alginolyticus 700 579 689 ND© ND 1125
656.0 (10.2%) 1125.0 (-)
7.16 4.16
9 V.alginolyticus 1145 ND 1059 ND ND ND
1102.0 (5.5%)
7.13 413
10 V.alginolyticus 781 711 716 ND ND ND
736.0 (5.3%)
7.19 4.19
11 V.alginolyticus 1052 838 1000 ND ND ND
963.3 (11.6%)
7.00 4.00
12 V.alginolyticus ~ ND 1030 ND ND ND ND
1030.0 (-)
711 411
13 V.alginolyticus 739 640 553 1070 ND ND
644.0 (14.5%) 1070.0 (-)
6.51 3.51
14 V.alginolyticus 691 713 701 ND 882 ND
701.7 (1.6%) 882.0 (-)
6.43 343
18 V.harveyi 306 317 301 667 670 742
308.0 (2.7%) 693.0 (6.1%)
a) log cfu/mL.

b) Detection time (min) for the 1t technical replicate using high-concentration samples.
¢) No detection.

Relationship between detection time and bacterial
count in 7 V. parahaemolyticus strains: The
relationship between detection times and bacterial

showed positive results for detection of V.
parahaemolyticus. A good linear calibration curve was
observed between detection times and bacterial counts

counts is shown in Figure 1. Of the seven strains
examined for V. parahaemolyticus, the multiple
correlation coefficient (12) between detection times and
bacterial counts was 0.9274.

A quantitative method for detecting V.
parahaemolyticus using the DOX system has been
developed in our previous study. Some of the V.
harveyi and V. alginolyticus strains analyzed also

for all examined V. parahaemolyticus strains (r = 0.9931).
With our DOX system, it took about 5 h to detect V.
parahaemolyticus at high concentrations (5 Log cfu/ml),
and about 12 h to detect this bacterium at low
concentrations (1 Log cfu/ml). Therefore, V.
parahaemolyticus could be detected using our DOX
system within half a day.
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Figure 1 Relationship between detection times (min) and bacterial counts (Log cfu/ml) for 7 strains of Vibrio parahaemolyticus in

this study
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The detection times for V. alginolyticus, V.
harveyi, and V. parahaemolyticus at medium
concentrations (3-4 Log cfu/ml) using the DOX system
were from 13-19 h, 12 h, and 6-9 h, respectively.
Detecting V. parahaemolyticus in EMS/AHPNS-
monitoring shrimp farming ponds will be feasible
because of the sensitivity of the DOX system for
detection of V. parahaemolyticus, V. harveyi, and V.
alginolyticus. The DOX system provides rapid results
within half a day, and requires no special techniques
for measurement. In addition, upon Vibrio-positive
results from the DOX system, V. parahaemolyticus could
then be isolated on conventional V. parahaemolyticus
isolation agars such as TCBS agar using the reagents in
the DOX cassette.

Tanno et al. (2014) have previously developed
methods to measure total Vibrio counts using the DOX
system. The present report describes the measurement
of V. parahaemolyticus counts using the DOX system.
Based on the results of the present laboratory analysis,
the DOX system can be used to detect V.
parahaemolyticus ~contamination in environmental
water samples in a relatively short time (within 12 h).
Although further detailed field experiments are
needed, regular measurement of total Vibrio or V.
parahaemolyticus counts in shrimp farm pond water is
an initial step towards preventing EMS/AHPNS
disease.
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UNANED

n1sAsNIUSUAR Vibrio parahaemolyticus Taglyszuu Bio-Theta DOX™

1987 unuly' wrled ywne' gndls gang’ wyls lan1as’ gile W3i’ qurad ygyur®
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100 mduiusvemmiidlunsnsianuuazsuudedudndiuiinae Wy linear calibration curve (r> 0.993) wenani
sruvilfiansonsamsnsmanureadefiiuiiuadudugean (10° cf/ml) wazmnmdudussdunans (10° cfu/ml) Tu
fheehefilailende Vibrio parahaemolyticus W 23 deths Tushsndiudosas 65.2 (15/23) uarfeas 82.6 (19/23) muansu
WaTENNTaNTINY Vibio alginolyticus S1uau 7 Fiegne waz V. harveyi sauau 1 fegne eglstia naiildlunsasaanu
WUNINMSATIAMN V. parahaemolyticus 15 EvnsiauIsn1nsIanide Vibrio eghaiieanund warinsdosihnisinu
solulunipauy ielldsnsivenzadlunsasaviide Vibrio ua V. parahaemolyticus Tuvhiumziseis suuiiannse
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