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ABSTRACT-We developed a simple PC件basedmethod using feces to detect “Candidatus 
Xenohaliotis californiensis”（Rickettsia-like organism, RLO), which is responsible for withering syndrome 
(WS). Four abalone groups (Halわtisdiscus discus and H. gigantea) naturally or artificially infected with 
ws”RLO were prepared. After daily collection of the feces from individual animals over a seven-day 
period, the posterior esophagus (PE) was excised, and subjected to PCR for WS-Rし0. WS-Rし0-posi-
tive results were obtained from the feces of 30-67% animals, and from the PE of 17-97% animals. For 
the fecal PCR, more than one animal was positive from each group every day, although the WS輔円しO齢

positive rate daily varied. When the sensitivity of the PCR was compared between DNA extracted from 
feces by boiling and that by QIAampR DNA Stool Kit, there was no difference between the two methods. 

Fecal PCR combined with boiling DNA extraction is rapid and simple for screening abalone groups 
infected with WS羽 LO.

Key words: withering syndrome, Candidatus Xenohaliotis californiensis, abalone, feces, boiling 
extraction, fecal PCR, screening 

Withering syndrome (WS) is a potentially fatal bac-

terial disease in abalone that is caused by the 

Rickettsiaイikeorganism (Rし0),Candidatus Xenohaliotis 

californiensis (Friedman et al., 2000). Wild populations 

of black abalone (Haliotis cracherodii) which inhabit 

west coast of U.S.A. were diminished by WS, facing 

extinctions (Neuman et al., 2010). In addition, WS is 

listed as being a notifiable disease in the International 

Aquatic Animal Health Code of the Office International 

des Epizooties (0.1.E., 2012). 

WS-RLO was detected in cultured Japanese black 

abalone, H. discus discus, in Japan in 2011 (Kiryu et 

al., 2013). Since then, extensive screening for WS-

RLO has been conducted in cultured abalone in the 

country. 丁odate, the screening procedures recom” 

ぺCorrespondingauthor 
E-mail: ikunari@affrc.go.jp 

叶お Presentaddress: National Research Institute of Aquacul-
ture, Fisheries Research Agency, Oita 879-2602, Japan 

完えi Present address: National Research Institute of Fisheries 
Science, Fisheries Research Agency, Kanagawa 
236-8648, Japan 

＊＊＊市 Presentaddress: Hokkaido National Fisheries Research 
Institute, Fisheries Research Agency, Hokkaido 
062-0922, Japan 

mended by the 0.1.E. have been followed (0.1石川 2012).

Briefly, the posterior part of the esophagus (P巨） is 

excised from 150 abalone and DNA is extracted using a 

stool DNA extraction kit and screened for WS-RLO by 

PCR. According to the 0.1. E. protocol, five samples 

may be pooled as a cost-saving measure, but even so 

the process is time consuming and expensive. Conse-

quently, a rapid, accurate cost effective method for 

screening abalone for WS-RしO is considered 

necessar手

Since WS-RLO has not yet been successfully isolat-

ed, only PCR and histopathological methods have been 

employed to confirm infection by this pathogen. For 

example, WS判 LOs can be detected in squashes of tis-

sues using nucleic acid fluorochrome (Moore et al., 

2001 a), which is faster than detecting WS欄 RLOusing 

histological methods or by PCR, but the sensitivity and 

specificity of fluorochrome staining are lower than they 

are by the latter two methods. Friedman et al. (2000) 

determined the 168 rRNA sequence of the pathogen, 

and Andree et al. (2000) subsequently developed a 

PC円”baseddetection assay. In addition, Friedman et 

al. (2007) demonstrated that PCR is more sensitive 

than conventional histological methods for detecting 

WS-RLO. The PE is known to be the main site of 
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replication of WS-RLO, and has been recommended as 

a source tissue for preparing samples for PCR analysis 

(0.1.E., 2012). However, in order to avoid destruction 

of the animal, feces can be used for screening for WS-

RLO by PCR (Braid et al., 2005; Friedman et al., 2007). 

Using feces to extract DNA for PCR assays has the 

advantage of being less labor intensive and destructive 

than the previous methods that require excising the PE. 

However, no reports have described the sensitivity of 

fecal PCR for detecting WS-RしOs,and the screening 

for WS by fecal PCR has not yet been demonstrated. 

For the preparation of the template DNA for the 

WS-RしOPCR assay, using the stool DNA extraction kit 

is recommended and accepted by many researchers 

(0.1.巳， 2012),and no methods for extracting template 

DNA for use in WS刊しOscreening studies have been 

reported to date. 

To develop a simple screening method for WS-

RLO in abalone, we extracted DNA from fecal samples 

and compared the sensitivity of fecal PCR to DNA 

extracted from the PE for WS-RLO detection. Further-

more, to develop a simple extraction protocol using 

fecal samples, DNA template for the WS判しO PCR 

assay was prepared by boiling fecal samples and the 

sensitivity of PCR assay using this extraction protocol 

was evaluated. 

Materials and Methods 

Four abalone groups with different histories of WS” 

RLO infection (Groups I-IV) were prepared in the pre酬

sent study. Naturally infected Japanese black abalone 

Haliotis discus discus and giant abalone H. gigantea 

were assigned to Groups I and II, respectively, and artifi-

cially infected Japanese black abalone and giant aba-

lone were assigned to Groups Ill and IV, respectively. 

Natural infection of WS in Japanese black abalone, 

Group I 

Juveniles of Japanese black abalone were hatched 

and reared on abalone farms. Thereafter, WS-RLO 

DNA was detected by PCR in PE tissue from those 

healthy juveniles at the Fisheries円esearchCenter, 

Ehime, Japan. Screening was performed using 150 

animals, with DNA from 5 animals pooled in a single 

sample; all 30 samples were positive for WS-RLO. 

Juveniles of this group were transported to our labora” 

tory (National Research Institute of Aquaculture) before 

beginning the experiment, and they were maintained for 

one month. Twenty-six animals were used to compare 

PCR sensitivity using template DNA extracted from the 

feces and from the PE. The shell length (Sし） and body 

weight (BW) of the animals were 2.7土 0.2cm and 

2.3 ± 0.6 g, respectively. 

Natural infection of WS in giant abalone, Group II 

Giant abalone were collected from depths of 5-10 

m in coastal waters of Minamiboso in Chiba Prefecture 

and transported in tan主swith running seawater to Chiba 

Prefectural Fisheries Research Center for use as 

broodstock. Abalone were fed a diet of algae consist-

ing of Eisenia bicyclis and Ecklonia cava and were 

maintained for 17 months. Although all of the abalone 

in this group appeared healthy and showed neither mor-

tality nor signs of WS, WS-RLOs were detected by fecal 

PCR of this group. At 10 days after the first detection 

by fecal PCR, 30 animals (14.4土 0.8cm SL, 369.5 ± 

72.1 g BW) were randomly selected from the group and 

used for PCR sensitivity tests, i.e., for comparing DNA 

extracted from feces and the PE. 

Artificial infection of WS in Japanese black abalone 

(Group Ill) and giant abalone (Group IV) 

Juveniles of Japanese black abalone and giant aba” 

lone were obtained from the Aichi Prefectural Sea 

Farming Institute and the Mie Prefectural Fish Farming 

Center, respectively. Abalone were verified as being 

WS-negative by PCR using DNA extracted from the PE 

of 30 animals of each species. Seven hundred WS-

negative abalone consisting of 350 animals of each spe-

cies were maintained at 20°C in a 100 L tank with 

running seawater. The abalone were fed a diet of com“ 

mercial pellets (S-A, Cosmo Business Support). Of 

these abalone, 300 (n = 150 of each species) were 

placed in an 80 L tank together with 32 Japanese black 

abalone from naturally WS-infected group (Group I) as 

the infection source. 

After 40 days of cohabitation, the 32 abalone from 

the infected group were removed from the tank, and 30 

Japanese black abalone (1.8土 0.3cm Sし， 0.9± 0.3 g 

BW) and 26 giant abalone (2.9 ± 0.2 cm SL, 2.5土 0.9g 

BW) were collected and subjected to PCR sensitivity 

tests comparing DNA extracted from feces and the PE. 

Comparative sensitivity of PCR between feces and PE 

samples 

To assess the sensitivity of the PCR assay for WS-

RLO using DNA extracted from the feces and the PE, 

samples were collected from 26 animals in Group I, 30 

animals in Group II, 30 animals in Group Ill and 26 ani” 

mals in Group IV that had been maintained individually 

in tanks containing aerated seawater at 20。C. Animals 

were fed either algae (broodstock; Group II) or pellets 

(juveniles), and seawater was exchanged everyday. 

After being placed in separate tanks, feces were col-

lected from each animal everyday for seven days. 丁he

fecal samples collected each day were placed into a 1.5 

mしmicrocentrifugetube. The daily sampling fre-

quency of feces in each experiment is shown in Table 1. 

In all animals, the fecal samples were centrifuged at 

20,000×g for 3 min at 4°C and the supernatant was 
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PCR detection of WS-RLO DNA in feces and PE samples of individual abalone 

Elapsed days since isolation of abalone 
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Four abalone groups (I-IV, n = 26 for I and IV, n = 30 for II and 111) with different histories of WS-RLO infection were used: 
Groups I and II were naturally infected, Groups Ill and IV were artificially infected. Each animal was isolated in a tank and 
the feces were collected daily for seven days. Thereafter, the posterior esophagus (PE) was excised for DNA extraction. 
DNA was extracted from each sample using a QIAampR DNA Stool Kit, and WS-RLO was detected by PCR. + and -
indicate positive and negative results by PC汽， respectively. BA, Japanese black abalone (Haliotis discus discus); GA, 

giant abalone (H. gigantea); NT, not tested; S, PCR product subjected to sequence analysis. 

was dissolved in Bu仔erAE to give a final volume of 100 

,ul. 

Extracted DNA was amplified by PCR using spe-

cific primers for WS-RLO and the nucleotide sequences 

of the amplicons were determined (see Table 1 ). The 

PCR conditions and methods employed for sequence 

analysis were the same as previously reported (Kiryu et 
a/., 2013). Briefly, the PCR reaction volumes of 20 pし

contained 1x Ampdirect PCR buffer (Shimadzu), 0.2 

mM of each dNTP, 0.5 ~1M of each primer, 0.5 U of 

discarded. The PE was excised after the final feces 

sample was collected. Given the small size of the PE 

in the juveniles, the excised tissues also included a por-

tion of the heart, kidney, digestive gland and the 

intestine. 

The individual fecal p剖lets(3.3-120 mg) and the 

PE tissue samples (100 mg for broodstoclくand20-40 

mg for juveniles) were then subjected to DNA extraction 

using a QIAamp DNA Stool Mini Kit (Qiagen) following 

the manufacturer’S instructions. The extracted DNA 
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exTaq （丁akara)and 2 ,LIL of template DNA. The WS-

RLO・specificprimer set RA 5.1/RA 3.6, developed by 

Andree et al. (2000), was used. The PCR conditions 

were as follows: 95°C for 5 min followed by 40 cycles of 

95°C for 1 min, 62°C for 30 s and 72°C for 30 s, with a 

final extension step of 72°C for 10 min. For the nucleo-

tide sequence analysis, the DNA fragments were 

directly sequenced from the PCR product by the 

dideoxy chain-termination method using a BigDye 

Terminator v3.1 (Applied Biosystems) following the 

manufacturer’s instructions. 

Optimization of conditions for the boiling DNA extraction 

Feces were collected from artificially infected aba-

Jones (Groups Ill and IV) in an 80 L tank, and three dif-

ferent fecal samples (70-120 mg of fecal pellet) were 

prepared in 1.5 mしmicrocentrifugetube. DNA was 

extracted from each fecal sample by boiling protocol as 

follows. After a fecal pellet was prepared by microcen剛

trifugation, the pellet was soaked in 70% ethanol 

(approx. ten times the volume of the pellet) and stored 

at -30°C before DNA extraction; this step did not influ-

ence DNA extraction or subsequent PCR amplification 

(data not shown). For the extraction, the sample was 

centrifuged and the 70% ethanol supernatant was 

eliminated. Fecal pellet was thoroughly resuspended 

in four times its volume of 1 x TE bu行er(10 mM Tris剛

HCI pH 8.0, 1 mM EDTA). The fecal suspension was 

incubated at 100。Cfor 10 min and DNA was extracted. 

To determine the optimum dilution for DNA 

extracted by boiling, the extracted DNA was serially 

diluted in TE buffer up to 100-fold. Each dilution of 

DNA was used as DNA template for PCR. 

Comparative PCR sensitivity between boiling extraction 

and stool kit extraction 

WS-RLOやositivefeces from artificially infected WS-

positive abalone, produced by Groups Ill and IV in an 

80 L tank, were colぬctedand placed into one tube. 

ws”RLO-negative feces were collected from a 100 L 

tank containing 400 juveniles of WS剛 negativeabalone; 

these abalone were a subset of the original group of 

Groups Ill and IV abalone. A fecal p創letwas prepared 

from each sample by centrifugation and the supernatant 

was discarded.εach pellet was weighed before add-

ing three equal volumes of seawater to resuspend the 

fecal pellet. This WS-RLO欄 positivefecal suspension 

was then diluted with WS刊し0-negativefecal suspen-

sion to make a two綱folddilution series of a WS刊し0-

positive fecal sample in 1.5 ml microcentrifuge tubes. 

Each dilution was then divided into two equal volumes: 

one for the boiling extraction and the other for extraction 

by the OIAamp DNA Stool Mini Kit (Qiagen). The 

extracted DNA was then used as template DNA to com-

pare the sensitivities of the two extraction protocols for 

fecal PCR assays. Feces were collected on three 

occasions at intervals of 1-5 days and three different 

dilution series were prepared for template DNA. In 

addition, the PCR reactions for each sample were per-

formed in duplicate. 

In order to clarify whether there were any differ-

ences in PCR sensitivity associated with the protocols, 

additional experiment was performed. Thirty WS-posト

tive Japanese black abalone which were the same as 

those used in Group Ill, were used, i.e., animals were 

maintained individually and feces were collected at day 

3. Each sample was divided into two equal quantities 

and the DNA was extracted using one of the two extrac-

tion protocols: boiling and stool kit. 

Practical application of fecal PCR for WS-RLO by 

boiling DNA extraction 

Abalone of the WS-positive and WS-negative 

groups were used to verify the practical application of 

fecal PCR. The WS-positive group consisting of artifト

cially WS-infected abalone of Groups Ill and IV was 

kept in an 80 L tank, and 100 animals were randomly 

selected in each species at 50 days after infection. 

The WS-negative group was a subset of the original 

group of Groups Ill and IV abalone and 100 animals in 

each species were used. These 200 animals of WS-

RLO-positive group and the 200 WS刊し0-negativeaba-

lone were then divided into four 50 L tanks (n = 100 per 
tank) according to species, i.e. 50 animals of WS-RLO” 

positive abalone group were placed in the same tank as 

50 WS-RLO”negative abalone. The abalone in 4 

tanks were then kept at 20°C with running seawater and 

fed a diet of commercial pellets. 

After 40 days, the feces in each tank were 

removed, and on the following day, all of the feces that 

were produced within one day were col同cted. The 

samples were pooled according to tank and divided into 

15 subsamples and placed into 1.5 ml microcentrifuge 

tubes. DNA was then extracted by the boiling protocol 

described above. After two days, feces were collected 

in the same way from each tank. After the second 

round of feces collection, the WS infection rate was 

determined by PCR using the PE sample of 20 animals 

in each tank. 

Results 

Comparative sensitivity of PCR between feces and PE 

samples 

Among the 26 juveniles of naturally infected 

Japanese black abalone (Group I), PCR-positive results 

were obtained in the feces of 6, 3, 4, 3, 4, 1 and 3 ani附

mals at 1 -7 days post”isolation of abalone, respectively 

(Table 1). In total, feces from 11 out of 26 animals 

were positive, whereas the PE from only 5 out of 26 an卜

mals was positive. In the artificially infected Japanese 

black abalone (Group Ill), the feces of 11, 13, 13 and 12 
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samples was identical to that of the WS-RしO sequence 

in GenBanlく（accessionnumber, AF133090). 

Fecal PCR for withering syndrome 

Optimization of conditions for the boiling DNA extraction 

Only minor differences were apparent among the 

three fecal samples. One to 100イolddilutions of the 

extracted DNA in TE buffer were prepared for fecal 

PCR and distinct bands were observed for the 5-to 20-

fold dilution (Fig. 1). Thus, the 10”fold dilution was 

employed for the following experiments. 

Comparative PCR sensitivity between boiling extraction 

and stool kit extraction 

A comparison of PCR using DNA extracted by boil” 

ing and a stool kit is presented in Table 2, with the corre-

sponding electrophoresis patterns for a representative 

sample (the first PCR trial of sample 3 in Table 2) 

shown in Fig. 2. Although the detection limit di行ered

between PCR trials, even in the same sample, the 

results obtained for the two extraction methods were 

similar; except for the 1st PCR trial in which WS-RLO 

was detected in one sample (sample 1) up to 128-fold 

dilution of DNA extracted using the stool kit and 16-fold 

dilution of DNA extracted using the boiling extraction. 

A potential disadvantage of boiling extraction is that WS-

RLO was occasionally not detected when bacteria were 

present at levels above detectable limits; for example, 

the 32-and 64-fold dilutions of sample 2 in the 2nd 

animals (20 out of 30 animals in total) were positive for 

WS-RしO at 1, 4, 5 and 7 days post-isolation, 

respectively. As for the PE, however, 29 out of 30 anト

mals were positive. 

In the naturally infected giant abalone (Group II), 

WS-Rし0-positiveresults were obtained from the feces 

of 9 and 6 animals (9 out of 30 animals in total) at 2 

and 3 days post-isolation, respectively. For the PE, 

five animals were positive for WS択し0. In the artifi-

cially infected giant abalone (Group IV), fecal PCR was 

positive forス3,2 and 2 animals (10 out of 26 animals 

in total) at 1, 3, 4 and 7 days post-isolation, respectively. 

In the PCR with PE, 6 out of 26 animals were positive. 

The nucleotide sequence of the amplified DNA 

Gel electrophoresis of PCR products obtained by fecal 
PCR using different dilutions of template DNA. Feces 
collected from WS-RLO-positive abalone were concen-
trated by centrifugation. After discarding the super輸

natant, the pellet was suspended in four equal vol-
umes of TE buffer and DNA was extracted by boiling. 
The extracted DNA was serially diluted in TE buffer up 
to 100同foldand then subjected to PCR analysis to 
detect WS胸 RLO. A distinct thick band is seen in Lane 
1・：10.

Fig. 1. 

Summary of comparative sensitivity analysis of fecal PCR reactions performed using DNA extracted by boiling 
and using a stool kit 

Table 2. 
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Fecal sample containing WS-RLO was diluted with WS-negative feces to produce a two-fold dilution series, 1 :1 -1 :1024. 
Each dilution was divided into two equal aliquots for DNA extraction by boiling or using a stool kit. DNA extracted using 
either method was then subjected to PCR analysis to screen for WS-RLO.τhe PCR reactions for each sample were per-
formed in duplicate (i.e. run 1 and run 2). Fecal sample collection was peバormedthree times with an interval of 1-5 days 
between collection events. The PCR results in“boiling extraction method/stool kit extraction”are marked in a box with十
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Gel electrophoresis of PCR products to compare the sensitivity fecal PCR using DNA extracted by boiling and using a stool kit. 
The figure shows a representative result of the first PCR trial of sample 3 in Table 2. A fecal sample from a WS-positive aba-
lone was diluted with the WS-RLO-negative feces to make a two-fold dilution series up to 1 :1024 (the results for 1 :1 -1ゴ28
dilutions are shown in the figure). Each dilution was divided into two samples and extracted by boiling or using the stool kit. 
τhe resulting extractions were then subjected to PCR to screen for WS-RLO. M: 100 bp DNA molecular marker; N: Wら

RLO-negative fecal samples. 

Fig. 2. 
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Table 3. Comparative sensitivity analysis of fecal PCR using 
different extraction methods and individual fecal 
samples 

Boiling/Stool kit 十九 ＋／一 一／＋ イ－

Number of fecal samples 4 2 3 21 

WS-positive Japanese black abalone (Haliotis discus discus; 
n = 30). The animals were the same as those used in 
Group Ill (Table 1), i.e., animals were maintained individually 
and feces samples were collected at day 3. Each fecal sam帥

pie was then divided into two and subjected to either boiling 
extraction or stool kit extraction. PCR was then conducted to 
screen for WS-RLO. 十 and-indicate positive and neg出ve
PCR results, respectively. 

Table 4. Verification of fecal PCR fo「WS-RLOin infected aba-
lone groups 

Tank 
Incidence of 

(Abalone species) 
ws欄 RLOin PE 

Positive by fecal 

（%） 
PCR女

1 (BA) 80 
15/15 

15/15 

2 (BA) 90 
15/15 

15/15 

3(GA) 20 
15/15 

15/15 

15/15 
4(GA) 15 

9/15 

Four tanks (1-4), each containing 100 WS将 LO時exposed
abalone, were prepared. All of the feces produced in one 
day were collected and divided into 15 subsamples per tank. 
Collection of feces was conducted twice with an interval of 
two days. DNA was extracted by boiling fecal samples and 
PCR for WS-RLO was conducted. The posterior esophagus 
(P巨） was excised from 20 animals in each tank to calculate 
the rate of incidence of WS-RLO. ヘnumberof positive 
samples/number of examined samples. BA: Japanese black 
abalone (Haliotis discus discus); GA: giant abalone (H. 
gigantea). 

PCR trial and the 32・folddilution of sample 3 in both 

PCR trials. 

To confirm the reliability of the boiling extraction, 

DNA from feces samples collected from 30 individual 

animals in Group Ill was extracted by the two methods 

and results are outlined in Table 3. WS司 RLOwas 

detected in fecal samples from six animals using the 

boiling extraction, in seven animals using the kit, and in 

four animals using both extraction methods. 

Practical application of fecal PCR for WS“RLO by 

boiling DNA extraction 

As shown in Table 4, WらRLOwas detected in 

almost all fecal PCR tests in abalone groups even with 

low infection rates (15 and 25%) as well as high infeひ

tion rates (80 and 90%) of WS-RLO infection. 

Discussion 

The present study demonstrated the application 

and sensitivity of fecal PCR for detecting WS刊し0. A 

simple DNA extraction method using boiling feces was 

also developed. This is the first report of a simple and 

successful screening assay for WS-RLO using feces in 

abalone. 

A comparison of the PCR sensitivity between 

obtained DNA extracted from feces and from pε 
revealed that animals identified as being WS-RLOゃOSト

tive by fecal DNA extraction were not always identified 

as being WS-RLOゃositivewhen DNA was extracted 

from the PE and vice versa (Table 1 ). Relatively high 

levels of WS-RLO were detected in feces at the initial 

sampling date in Groups I, II and IV. At 1 day post-iso-

lation of abalone, since the feces would have been 

derived from food consumed the day previously, i.e. 

before isolation, then the positive results obtained by 

PCR may have been due to the consumption of feces 

that had been excreted by animals infected with WS. 

Ingestion of feces containing RLO may thus play a role 

in disease transmission. Indeed, transmission of WS” 

RしOis postulated to be via the fecal輔 oralrote (Moore et 

al., 2001b; 0.1.巳， 2012). Britz et al. (1996) demon剛

strated that gut evacuation in juvenile abalone （凡

midae) with a mean shell length of 46 mm is approxi-

mately 18-24 h after ingestion at 20°C. The time 

required for gut evacuation might be dependent upon 

the size of abalone, and thus, 1 day may be insufficient 

for broodstock of Group II. 

To the contrary, there were animals in which WS剛

RしO was detected in the fecal samples from day 3 

onward, but not in the PE samples; for example, there 

were 3, 1 and 3 animals that were WS-RLO feces-posi-

tive in Groups I, II and IV, respectively (Table 1). 

Since these positives cannot be due to delayed gut 

evacuation, these results may be attributed to the poor 

DNA extraction efficiencies associated with using P巨

tissue. In addition, since WS”RLO multiplies in tissues 

other than P巨 e.g.intestine (Friedman et al., 2000; 

OIE., 2012; Kiryu et al., 2013), this may account for 

these positive results in the feces. These findings sug-

gest that extracting DNA from the PE is not always 

reliable for screening for WS-RLO-positive abalone. 

Overall, as shown in Table 1, PC只usingthe PE 

still produced consistent results for screening for WS欄

RLO. Therefore, to achieve comparable results using 

fecal PCR, feces need to be collected daily over a con幽

siderable period. In broodstoclく， theability of fecal 

PCR screening animals for WS infection is particularly 

beneficial, as individuals can be screened without sacrト

ficing the abalone. Although PCR sensitivity was 

higher for fecal samples than it was for PE tissues in 

Group II, the relatively limited number of samples exam-

ined does not permit any conclusions to be drawn 
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regarding the relatively higher detection rate obtained 

by fecal PCR in broodstock. 

Importantly, although WS-R しOswere not excreted 

continuously by WS-positive abalone and the number of 

WS-RLO附 positivefeces samples varied on a daily basis, 

there were no days when WらRLOwas not detected in 

feces from each WS-positive group (Table 1 ). This 

observation suggests that fecal PCR for WS-RLO 

appears to be useful for detecting WS-Rし0-positiveaba-

lone in a group. 

A simple method for extracting DNA from fecal sam” 

pies by boiling was also developed in the present study. 

τhe results showed that only minor differences were 

apparent in PCR sensitivity between using DNA sam-

pies extracted by boiling and by a stool kit (Table 2, 3 

and Fig. 2). Although methods tor extracting DNA by 

thermal lysis through boiling are widely used, the 

amount of DNA that can be extracted is often insuffi-

cient for PCR and PCR inhibitors are not always 

removed effectively (Higuchi, 1989). In the case of 

screening for WS-RLO by PCR using DNA extracted 

from fecal samples, boiling extraction does not seem to 

affect the PCR results as long as the extracted DNA is 

sufficiently diluted to counteract the effect of any PCR 

inhibitors if they are present; in this study we used a 10-

told dilution of the extracted DNA in the final step of the 

boiling extraction (Fig. 1 ). Boiling extraction is rapid, 

simple and significantly decreases the costs and labor 

required to screen samples. In addition, methods 

involve boiling to prepare PCR template are often pre司

ferred tor certain pathogens; for example Bruce/la spp. 

in blood (QueipかOrtunoet al., 2008), urine (Queipo附

Ortuno et al., 2006) and cerebrospinal fluid (Colmenero 

et al., 2005) of humans, and Salmonella enterica in pou卜

try samples (De Medici et al., 2003). 

Although the present study showed that fecal PCR 

is practically useful tor screening groups of abalone for 

WS-RLO (Table 4), the sensitivity of the method 

depends on quantity of WS羽 LOexcreted in feces and 

may suffer from limited reproducibility. Increasing the 

number of samples and sampling frequency may 

resolve this problem. It is also recommended that ab仕

lone be maintained at 20°C tor more than one month 

(e.g. 40 days in the present study) before performing 

screening by fecal PCR as such an extended period 

can enhance the sensitivity of the fecal PCR. The tem-

perature and maintenance periods are important factors 

in the transmission of WS-RLO and development of 

WS; in red abalone (H. rufescens) temperatures of 

around 19°C are optimum for the emergence of WS  

(Moore et al., 2000; Braid et al., 2005; Vilchis et al., 

2005). We propose that fecal PCR combined with boil-

ing extraction is well suited for screening abalone 

groups infected with WS-RLO as the method is rapid, 

simple and sufficiently robust. 
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アワビの翼を利用した PCR法による Xenohaliotis

ca/iforniensisの迅速な検出
椀~lミ郁出・西岡豊弘・湯浅啓・架悶 if当
il！！~)Jj(佳子・乙竹充・池上i貰 l:l.!.. 大迫典久

Xenohaliotis californiensisに感染したアワビの簡易』尖

出法を確立するため，クロアワビとメガイアワビの自然

感染群と人為感染群を個体別に飼育して調べた。 7i::1 rm 
の期間中に採取した糞と，最終的に解剖して摘出した食

道後部（PE）との間で PCRによる本TMfの検出感度を比

較した。その結果，糞は30-67%の個体が， PEでは

17-97%の偲体が陽性であった。糞における陽性率は検
査日により異なったが， どの'It下も毎白主主低 1倒｛本はj湯，i
を示した。糞からの迅速な DNA抽出法を確立するため，

熱抽出法と QIAampRDNA Stool Kitにより別々に調整し

たDNAからの PCR検出感度を比較した紡来，大きな違

いはなかった。感染したアワビ群を検出する！二で，糞か

ら熱抽出した DNAのPCRが有効である。
f~＼病研究， 49 (2), 41-48 (2014) 

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

