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The prevalence of Clostridium difficile isolated from stools of Thai adult patients with sus­
pected antibiotic-associated diarrhea (AAD) was 18.64 per cent. 

The recovery rate of toxin genes (tctiA and tcdB) by polymerase chain reaction (PCR) from 
stool samples yielded almost the same compared to the recovery rate of the toxin detection by enzyme 
immunoassay (EIA), which were 44.9 per cent and 46.7 per cent, respectively. Correlation of toxin gene 
detection by PCR and toxin detection by EIA was 90.6 per cent. All but one stool sample, the tcdA gene 
was detected together with the tcdB gene. Both genes were always detected together from tax gene­
positive strains. 

Although, there were some discrepancy results for certain samples, the direct PCR-based­
detection of C. difficile tax genes in stool samples seems to be the appropriate method for the diag­
nosis of C. difficile diarrhea. The PCR assay should be a recommended technique to be used routinely 
in laboratories. Further optimization of the technique to increase the sensitivity of the PCR assays is 
still needed. 

However, a quantitative isolation of the organism from stools of suspected antibiotic-asso­
ciated diarrhea (AAD) or antibiotic-associated colitis (AAC) patients may give some evidence for clini­
cians in hospitals who cannot perform PCR-based or EIA-based techniques, since 48.6 per cent of the 
isolates were demonstrated as toxigenic strains. 
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Toxin producing Clostridium difficile (C. dif­
ficile) is a causative agent of pseudomembranous 
colitis, antibiotic-associated diarrhea (AAD) and anti­
biotic-associated colitis (AAC)( 1). Two types of toxins 
produced by C. dijficile responsible for causing the 
diseases(2,3), are toxin A (enterotoxin) and toxin B 
(cytotoxin). Not all strains can produce two toxins, but 
most toxigenic strains produce both toxins. 

At the present time, the clinical diagnosis 
of the disease is based on the demonstration of the C. 
dijficile toxins in stools. The gold standard technique 
for the toxin detection is tissue culture assay( 4). This 
method is time consuming and can produce up to 30 
per cent false-negative results due to many factors, such 
as degradation of the toxins by proteases in stools, the 
dilution technique used in the detection method, and 
inclusion of low toxin producing strains(5,6). Although, 
immunological approaches, latex agglutination tests 
or enzyme immunoassays have also been used for 
the toxin detection in stool samplesO ,8), both tech­
niques are costly, time consuming and cumbersome. 
Recently, molecular biology techniques, particularly 
the determination of both toxin genes (tox genes) using 
PCR technique, have been developed(9-12). 

The PCR technique for the direct detection 
of C. dijficile tox genes in the stool of Thai patients 
suspected of C. dijficile diarrhea, a comparative study 
using toxin detection by EIA and tox gene detection 
by PCR method was performed. 

MATERIAL AND METHOD 
Stool samples 

Two hundred and eighty-four diarrheal stools 
used in the present study were collected from indi­
vidual admitted patients with suspected C. dijficile 
AAD at Siriraj Hospital, Bangkok, Thailand from 
January 2000 to May 2001. Two hundred and ninety 
stools from other government and private hospitals 
were sent to the Anaerobic Bacteria Laboratory at 
the National Institute of Health (NIH), Department of 
Medical Sciences, Ministry of Public Health, Nontha­
buri, Thailand from March 2000 to May 2001. 

Table 1. Sequence of the PCR primers. 

Gene Primer 

Isolation and identification of C. difficile 
Isolation and identification of C. difficile 

from the stools were performed according to the stan­
dard procedure as recommended in Wadworth Anae­
robic Bacteriology Manual, fifth edition, 199703). 

DNA extraction 
DNA extraction from all the culture-posi­

tive stools was performed using a commercial system 
(QIAamp DNA stool mini kit, QIAGEN, USA). DNA 
extraction from toxigenic and nontoxigenic strains 
of C. difficile was also performed as described by 
Wongwanich et al, 200004). 

Amplification of toxin A and B genes extracted 
from bacteria and stools 

The eluted samples were used directly for 
amplification. Internal fragments of toxin A and B 
genes were amplified as described by Wongwanich 
et a!, 2000. Tag DNA polymerase was used according 
to the manufacturer's protocol (Promega, USA). NK2 
and NK3 were used for toxin A fragment amplifica­
tion (Kato eta!, 1991 ), and YT17 and YT 18 were used 
for toxin B fragment amplification (Gumerlock et a!, 
1993) (Table 1 ). PCR condition was at 95°C for 20 
sec, 55°C for 30 sec, and 60°C for 2 minutes (35 
cycles). 

Detection of C. difficile toxin A and B in stool 
specimens by EIA 

The detection of C. difficile toxin A and B 
of 107 culture-positive and 50 culture-negative stool 
samples was performed according to the manufactuer's 
instruction (Premier Cytoclone A+B EIA, Meridian, 
USA). 

RESULTS 
The 107 C. difficile isolates were obtained 

from 574 (18.64%) diarrheal stools. Fifty-two of 284 
(18.31%) were isolated from the stools of the patients 
admitted to Siriraj Hospital, and 55 of290 (18.97%) 
from NIH. 

Sequence (5' ~3') Product 

TcdA NK2 CCC AA T AGA AGA TIC AA T A TT AGG CIT 252 
NK3 GGA AGA AAA GAA CTT CTG GCT CAC TCA GGT 

TcdB YT17 GGT GGA GCT TCA A TT GGA GAG 399 
YT18 GTG T AA CCT ACT TIC AT A ACA CCA G 
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Comparison of the recovery of the C. dijficile 
tax genes from the stools and isolates by PCR and 
toxins by EIA is shown in Table 2. The tax A and B 
genes were recovered from 48 (44.9%) stool samples. 
Toxin A and toxin B were identified from 50 of the 107 
(46.7%) stool samples. The result of both tax genes 
and toxins was recovered in all positive samples 
except in one stool sample in which only tax B gene 
was recovered. Neither tox gene nor toxin was iden­
tified from 53 of the 107 (49.5%) stools. Among the 
107 isolates from the stools, the tax genes were iden­
tified in only 52 ( 48.5%) of them. 

Correlation result between the detection of 
toxins by both PCR and EIA techniques was 97 of 107 
(90.6%) of the stool samples. 

Fifty-two of 107 ( 46.8%) isolates were toxi­
genic strains. Fourteen isolates showed no tax gene 
while tax genes were recovered in the stools where 
these strains were isolated. The number of tax gene­
negative isolates was increased by 2, when only the 
EIA technique was used. Fifteen toxin producing 
strains of the 107 (14.0%) were recovered from the 
stools in which neither tax gene nor toxin was found. 
Eighteen of the 107 (16.8%) tox gene-positive iso­
lates were recovered from the same tax gene-negative 
stools. Fifty culture-negative stools were also studied, 
and one of them was positive tax genes. 

DISCUSSION 
PCR asssay has been used to identify toxi­

genic strains of C. dijficile and tox genes directly from 
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the stools of diarrheal patients by several investiga­
tors(l5-17). 

The primer sets used for the detection of C. 
dijficile toxin A and B genes were the NK3-NK2 
primers as recommended by Kato et al, 1991 (9) and 
YT18-YT17 by Gumerlock eta!, 199301). Gumerlock 
showed the high sensitivity of this pair of primers in 
the detection of toxin B gene of C. dijficile (only 1 pg 
of DNA) and demonstrated the amplified product of 
399 bp fragment. 

It was found that there was a high correla­
tion (90.6%) between the results of isolation of tax 
genes and toxin A and toxin B from the stool samples. 

Fourteen (13.1%) of non toxigenic isolates 
were observed from the tax genes- positive stools. 
Borriello and Honour has shown that the non-toxi­
genic strains could be isolated along with toxigenic 
strains from the same stools of individual patients 
(18). Therefore, there was a mixed population of toxi­
genic and nontoxigenic C. diffcile strains in one stool 
specimen, and there was a possibility that only non 
toxigenic isolate was selected. Kelly et al, also demon­
strated that the limitation of the anaerobic culture was 
the inability to distinguish toxigenic strains from non 
toxigenic strains( 19). This indicated that more than 
one strain of C. dijficile could be found in one patient. 

On the contrary, 18 (16.8%) of toxigenic 
strains were isolated from the tax gene negative stools. 
The major problems for the failure of the direct detec­
tion of the tox genes in stool specimens may be the 
presence of PCR inhibitory substances in the speci-

Table 2. Comparison of the recovery of the C. difficile tox genes or toxins from the stools 
and isolates by PCR and EIA. 

Stool samele Isolate No. of sample with % 
Tax genes Toxins Tax genes indicated results 

+ + + 31 28.97 
+ + 13 12.15 
+ + 2 1.87 
+ 0.93 
+* + I 0.93 

+ + 3 2.8 
+ 3 2.8 

+ IS 14.02 
38 35.51 

Total =48 Total= 50 Total= 52 Total= 107 

tax genes = toxin A and toxin B genes, toxins = toxin A and toxin B. 
* positive only tax B gene 
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mens, and the presence of DNA-degrading enzymes 
from numerous gut bacteria and ingested foods(20). 
Although the sensitivity of the PCR technique allowed 
the detection of as few as 10 cells of C. difficile from 
a total of 10 10_10 11 bacterial cells present in l g in 
stools(2l), specimen processing is a crucial step in 
PCR assays in order to remove and inactivate sub­
stances that inhibit PCR assays(22). 

An unexpected result was found, one stool 
sample recovered only the tox B gene but the isolates, 
from the same specimen yielded tcdA and tcdB genes, 
even though the test was repeated twice. Degradation 
of only the tox A gene could be the explanation. 

Handling of stool specimens including tran­
sportation and processing should also be considered, 
even though there was only one tox gene-positive 
result from 50 culture-negative stools. 

To validate the PCR technique, toxin detec­
tion by ELA was also performed. The results of tox 
genes and toxin detection by PCR and EIA detection 
directly from stools were not concordant in only 9 
(8.4%) stool samples. Failure of the toxin detection 
could be that the amount of toxin in stool specimens 
was too small due to the degradation by proteases in 
the feces during transportation to the laboratories in 
toxin-negative cases(23,24). On the other hand, the 
positive toxin detection alone, without positive gene 
amplification, may be the cross reaction of C. sordellii 
toxin in stools in toxin-positive cases, since this orga­
nism produces two toxins which are very similar to 
toxins A and B of C. difficife(25). 

The primers used in the present study may 
have some limitations to detect certain genotypes, 
because the recent gene sequence of tcdA and tcdB 
in the GenBank database showed primer mismatches 
(accession no. X92982 and AJOll301; Ref. and 
unpublished data). In order to increase the sensitivity 
of the PCR, additional sets of primers that can amplify 
the new variants of toxin A and B genes should be 
included, as this PCR assay is a cheap and convenient 
tool in the diagnosis of C. difficile-related diarrhea. 

This is the first study in Thailand using the 
PCR technique in the detection of C. difficile toxin A 
and B genes directly from stool specimens of adult 
patients with suspected AAD. The results have shown 
that it is possible to recommend PCR assay as an 
appropriate technique used routinely in laboratories. 
Since the technique is easy to perform and provide 
rapid and reliable results, the modified methods for 
removal or inactivation of PCR inhibitors in fecal 
specimens and improvement of sensitivity and speci­
ficity of primers should be considered. 

However, quantitative isolation of the orga­
nism from the stools of suspected AAD or AAC 
patients may help clinicians in hospitals who can not 
perform PCR-based or EIA-based techniques, since 
about half of the isolates were demonstrated to be 
toxigenic strains. 
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