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nique can be used to identify HIV-l-infected chil- 
dren. The commercial assay represents a consid- 
erable advantage over the more labor intensive 
and inconvenient radioisotopic PCR methods. 
This test is simple to perform with standard 
equipment requirements and results are availa- 
ble within five hours. Also important is the fact that 
the use of assays that provide standardized rea- 
gents and procedures for detection of HIV-1 
DNA sequences would significantly reduce inter- 
laboratory variability. 
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to study the effect of the cycloserine concentration 
on recovery of Clostridium difficile from stool sam- 
ples. In addition, the role of prior anaerobic reduc- 
tion of these media in the detection of Clostridium 
difficile-associated diarrhea (CDAD) was tested. 
Each medium was studied over a two-month peri- 
od, with outcome compared between the testing 
periods and to historical data from our institution. 
Clinical correlation of test results was performed. 
The use of the originally described formulation of 
CCFA with 500 ixg of cycloserine/ml of agar com- 
bined with 4 h of anaerobic reduction prior to spec- 
imen inoculation increased the rate of isolation of 
toxigenic Clostridium difficile from clinical speci- 
mens from 6 to 17% (p < 0.001). Combining direct 
detection of stool toxin and properly performed cul- 
ture for toxigenic Clostridium difficile enhances the 
potential for diagnosis of CDAD. For optimal per- 
formance the culture medium should contain the 
originally proposed cycloserine concentration of 
500 txg/ml of agar and should be anaerobically re- 
duced at least 4 h prior to specimen inoculation. 

Clostridium difficile-associated diarrhea (CDAD) 
is a widespread, primarily nosocomial infection. A 
recent review by Kelly et al. (1) highlights the im- 
portant features of this disease, from diagnosis to 
therapy. However, the subsequent letter by Fang 
and Madinger (2) and the original authors' reply 
(3) indicate persisting misunderstandings as to the 
role of culture in the diagnosis of this infectious 
disease. In our recent review of the role of the clin- 
ical microbiology laboratory in the management 
of CDAD, we found culture to be of critical im- 
portance for both the diagnosis and the epidemi- 
ology of this disease (4). We cited data indicating 
that while direct detection of toxin in stool is high- 
ly specific, the sensitivity of toxin detection when 
used alone approaches only 70%, thus implying 
that up to 30% of patients whose clinical findings 
support the diagnosis of CDAD will be missed. 
Culture, appropriately performed, can provide 
laboratory confirmation of a clinical diagnosis 
(4). With the recent emergence and spread of van- 
comycin resistance in gram-positive organisms, in- 
cluding the demonstration that enterococcal resis- 
tance to vancomycin can be transferred into clos- 
tridia via plasmids (5), the detection of 
Clostridiurn difficile in culture may become even 
more important. The determination of precise ep- 
idemiology for development of appropriate infec- 
tion control practices also requires the recovery 
and collection of viable organisms to efficiently de- 
termine the clonal spread of infection. 

Our review highlighted the requirements for op- 
timal detection in culture of toxigenic Clostridium 
difficile from potentially infected patients (4), 
based on work such as that reported by Mundy et 
al. (6). An apparent discrepancy exists over the 
role of culture as evidenced by differences be- 
tween our review (4) and the comments of Kelly 
et al. (1, 3). This combined with historical data 
from the laboratory at Northwestern Memorial 
Hospital demonstrating poor recovery of Clostrid- 
ium difficile from symptomatic patients com- 
pared to toxin B detection in cell culture, 
prompted us to undertake a two-part evaluation 
of medium factors that influence the sensitivity of 
culture for detection of toxigenic Clostridium dif- 
ficile from the stool of patients at risk for CDAD. 
In this study we specifically evaluated the effect 
of prior anaerobic reduction of the medium used 
for culture and the effect of the cycloserine con- 
centration on recovery of Clostridium difficile 
from stool samples. 

Materials and Methods. Each stool specimen re- 
ceived for Clostridium difficile testing was pre- 
pared for both culture' and cytotoxin assay. The 
culture was inoculated in duplicate for the two me- 
dia investigations. Commercial sources were cho- 
sen to supply the medium so that the results 
would be more directly applicable to routine clin- 
ical microbiology laboratories. Plates were utilized 
for culture within three weeks of medium prepa- 
ration. All media purchased passed in-house 
quality control testing, which requires that isolat- 
ed colonies of American Type Culture Collection 
(ATCC, Rockville, USA) Clostridium difficile 
strains 9689 and 17858 grow to at least 3 mm di- 
ameter in 48 h at 35~ when plated on anaerobi- 
cally reduced medium. The strains must produce 
flat, yellow, ground-glass appearing colonies with 
a surrounding yellow halo in the medium. The 
Gram stain of these colonies must show typical 
morphology, and the medium must inhibit the 
growth of Escherichia coli ATCC 25922. 

In test period i of the study (November and De- 
cember 1993), one portion of the specimen was 
tested by dipping a sterile swab into the un- 
formed stool and plating it onto a nonreduced egg 
yolk agar base medium containing cycloserine, ce- 
foxitin, and fructose (CCFA). This Clostridium dif- 
ficile agar plate (cat. no. 21852, BBL, Becton 
Dickinson Microbiology Systems, USA) contain- 
ing 250 Ixg cycloserine/ml agar medium was inoc- 
ulated within 2 h of specimen receipt in the labo- 
ratory. Within 15 min of inoculation, this plate was 
incubated at 35~ in a double-valve anaerobic jar 
that had been vacuumed and flushed three times 
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Table 1: Comparison of media and incubation conditions prior to, during, and following the various Clos- 
tridium difficile culture study periods. 

Period Cycloserine Prior Total stools No. (%) of No. (%) of 
concentration anaerobic tested stools with stools with 

reduction (average/month) toxigenic cytotoxin 
C. difficile 

Jan.-Sept. 1993 250 pg/mt no 1509 (168) 90 (6.0%) a 136 (9.0%) 
Nov.-Dec. 1993 250 pg/ml no 240 (120) 14 (5.8%) 16 (6.7%) 

yes 240 (120) 17 (7.1%) b 16 (6.7%) 
May-June 1994 500 pg/ml no 335 (168) 41 (12.2%) a,d 29 (8.7%) 

yes 335 (168) 52 (15.5%) c,d 29 (8.7%) 
July-Oct. 1994 500 pg/ml yes 772 (193) 108 (14.0%) c 62 (8.0%) 

aDifference from stool cytotoxin significant, 0.001 < p <0.01. 
bDifference from stool cytotoxin not significant, p > 0.2. 
CDifference from stool cytotoxin significant, p< 0.001. 
dDifference between media significant, 0.001 < p < 0.01. 

with a mixture of anaerobic gas (85% nitrogen, 
10% hydrogen, 5% carbon dioxide). A second 
portion of the specimen was inoculated onto an- 
other BBL Clostridium difficile agar plate (same 
manufacturer's lot) that had been reduced for a 
minimum of 4 h in an anaerobic chamber (Bactron 
Anaerobic/Environmental Chamber, Sheldon 
Manufacturing, USA) containing 90% nitrogen, 
5% hydrogen, and 5% carbon dioxide. After in- 
oculation the plate was placed into an anaerobic 
jar. This second set of cultures was prepared dai- 
ly as a single batch from specimens held less than 
24 h at 4-8~ 

All plates were first removed from the anaerobic 
jars at 48 h and examined for growth of flat or um- 
bonate colonies 2-9 mm in diameter with a ilia- 

mentous edge, having a ground-glass appearance 
and changing the color of the surrounding medi- 
um yellow. Colonies fulfilling these characteristics 
were further evaluated for identification as Clos- 
tridium difficile. Those isolates appearing as 
gram-positive bacilli on Gram stain, not growing 
aerobically, and possessing a characteristic odor 
were considered to be Clostridium difficile. Any 
anaerobic organisms from colonies described 
above but without all these characteristics were 
analyzed by gas-liquid chromatography for the 
characteristic pattern of Clostridium difficile. 
Negative plates were incubated and examined in 
the anaerobic chamber for an additional five 
days at 35~ before final results were reported as 
positive or negative for Clostridium difficile. 

Table 2: Results of the Clostridium difficile medium test during May and June 1994 (period 2) compar- 
ed to clinical findings in potentially infected patients. 

Category 

No.(%) 

Stool toxin Stool toxin Stool toxin Stool toxin 
positive, negative, positive, negative 
toxigenic toxigenic culture negative nontoxigenic 
culture positive culture positive culture positive 

Stool specimens (n = 63) 
Diarrhea 

With Antimicrobial therapy 16 (25) 18 (29) 2 (3) 7 (11) 
Without Antimicrobial therapy 1 (2) 0 (0) 0 (0) 1 (2) 

No Diarrhea 
With Antimicrobial therapy 9 (14) 6 (10) 0 (0) 1 (2) 
Without Antimicrobial therapy 1 (2) 1 (2) 0 (0) 0 (0) 

Patients (n = 42) a 
Diarrhea 

With Antimicrobial therapy 12 (29) 13 (31) 2 (5) 5 (12) 
Without Antimicrobial therapy 0 (0) 0 (0) 0 (0) 1 (2) 

No Diarrhea 
With Antimicrobial therapy 6 (14) 7 (17) 0 (0) 1 (2) 
Without Antimicrobial therapy 1 (2) 0 (0) 0 (0) 0 (0) 

aSome patients are listed more than once due to different results obtained with separate specimens. 
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Growth was graded semiquantitatively as 1+ to 
4+, depending on how many quadrants colonies 
of Clostridiurn difficile were found growing. 

Test period 2 of the study (May and June 1994) dif- 
fered from the first period in only one component 
of the medium formulation evaluated. Here we 
tested CCFA agar (cat. no. 60-0461, Dimed, 
USA) using a cycloserine concentration of 500 
txg/ml of agar. The other components of the me- 
dium were unchanged. This second study period 
used the same cycloserine formulation suggested 
by Mundy et al. (6), which is based on the origi- 
nal formulation of George et al. (7). 

Cytotoxin testing was performed in tissue culture 
using MRC-5 cells. Stool samples were mixed with 
an equal volume of phosphate-buffered saline 
and centrifuged to remove debris. The supernatant 
was then filtered through a 0.45 micron filter. The 
specimen was tested in the tissue culture tube at 
a final dilution of 1:200 (4). Cells were examined 
for cytotoxicity at 24 and 48 h, and any sample 
showing cytotoxicity was neutralized subsequent- 
ly with antitoxin. A stool specimen demonstrating 
cytotoxicity that is neutralized by antitoxin direct- 
ed against Clostridium difficile cytotoxin is consid- 
ered positive for toxin B (4). Toxin testing of Clos- 
tridium difficile strains was performed by inocu- 
lating an isolated colony into prereduced 
chopped meat broth and incubating anaerobical- 
ly at 35~ for two days. Detection of cytotoxin in 
the broth supernatant was performed in the same 
manner as testing of stool specimens. 

Only unformed stools were accepted for process- 
ing. All others were rejected. The available med- 
ical records of patients with any positive test re- 
sults were reviewed for the likelihood of disease 
consistent with CDAD during the May and June 
1994 (period 2) evaluation of CCFA, which con- 
tained cycloserine at a concentration of 500 
~g/ml. The pattern of the positive test results was 
unknown to the reviewer. Criteria necessary for 
the clinical diagnosis of CDAD were the same as 
in prior studies and included the following: i) pass- 
ing of at least three stools per day for at least two 
days; ii) antimicrobial therapy received within 
the past two months; iii) no other obvious reason 
for diarrhea; and iv) treatment for CDAD admin- 
istered by an attending physician. 

In addition to comparing the results of the two 
study periods to each other, we compared the re- 
sults of each of them to the results of routine clin- 
ical laboratory testing performed over the nine 
months preceding period i (November-December 
1993) and the four months following period 2 

(May-June 1994). In the nine months prior to pe- 
riod 1, CCFA medium with 250 p~g/ml cycloserine 
was used, without prior anaerobic reduction. In 
the four months following period 2, CCFA con- 
taining 500 txg/ml cycloserine was used, with the 
medium being anaerobically reduced for --- 4 
hours prior to use. Statistical analysis was per- 
formed using the chi-square test. 

Results and Discussion. The data from our 
testing in the various time periods, including the 
results correlated with the clinical investigation in 
May and June, are shown in TaMes 1 and 2. Ta- 
ble 1 shows a comparison of the media used du- 
ring the two study periods and including the re- 
sults of cytotoxin testing as well as the time peri- 
ods preceding and following these investigations. 
It clearly shows that the higher, original cyclo- 
serine formulation enhances the detection and sub- 
sequent recovery of Clostridium difficile and that 
prior anaerobic reduction of the medium is espe- 
cially beneficial when the 500 wg/ml cycloserine 
concentration is used. Table 2 presents laboratory 
test results along with the clinical char review da- 
ta, documenting the association between clinical 
findings and the culture-plus-cytotoxin test result 
patterns for CDAD during May-June 1994. 

A detailed comparison of the in vitro test data eva- 
luating the effect of cycloserine content and pri- 
or anaerobic reduction on medium performance 
during test periods 1 and 2 supports these results. 
The group of 240 samples from period 1 using 250 
~g/ml cycloserine contained 16 samples that 
were positive for both stool cytotoxin and growth 
of toxigenic Clostridium difficile. Two of these 
grew only on prior-reduced medium, four had 
more colonies on the prior-reduced medium, 
four had similar numbers on both the prior- 
reduced and nonreduced medium, and six had less 
growth on the prior-reduced medium. In this 
study only one cytotoxin-negative stool sample 
was positive for toxigenic Clostridium difficile in 
culture, and that was on the prior-reduced medi- 
um. Nontoxigenic Clostridium difficile was re- 
covered from two samples, on both the prior-re- 
duced and the non-reduced medium. Markedly 
different results were found for the 335 samples 
from period 2 cultured on medium containing 500 
wg/ml cycloserine. Thirty-one samples were pos- 
itive in both the stool cytotoxin test and culture 
of toxigenic Clostridium difficile: three grew only 
on the prior-reduced medium, 17 grew more col- 
onies on the prior-reduced medium, eight grew 
similar numbers on both the prior-reduced and the 
nonreduced media, and three had less growth on 
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the prior-reduced medium. In this second study 
(period 2) 26 cytotoxin-negative stool samples 
were positive for toxigenic Clostridium difficile in 
culture: eight were positive only on the prior-re- 
duced medium, nine grew more colonies on the 
prior-reduced medium, and nine exhibited similar 
growth on both the prior-reduced and the nonre- 
duced media. No additional positive samples 
were found only on the nonreduced CCFA. Elev- 
en isolates of nontoxigenic Clostridium difficile 
were recovered: four were detected only on the 
prior-reduced medium, two grew more colonies on 
the prior-reduced medium, and five exhibited 
similar growth on both the prior-reduced and the 
nonreduced media. The data demonstrate that 
prior anaerobic reduction of the medium not on- 
ly facilitates detection of more Clostridium diffi- 
cile but also enhances the growth of the organism 
compared to the nonreduced medium. This effect 
is suggested by growth obtained at the lower cy- 
closerine concentration and is well demonstrated 
in the medium containing the higher concentration 
(500 Ixg/ml) of cycloserine. 

Prior to starting our investigation (January 
through September 1993; Table 1), culture for 
Clostridium difficile detected significantly fewer 
specimens positive for toxigenic strains than did 
direct cytotoxin testing of these same stools 
(0.001 < p < 0.01). During the November and De- 
cember 1993 investigation (period 1), we found 
that 250 txg/ml cycloserine combined with prior 
anaerobic reduction only improved the perform- 
ance of culture so that cytotoxin testing was no 
longer superior to culture (p > 0.2), demonstrat- 
ing that prior anaerobic reduction had only a mi- 
nor influence on improving performance in the ab- 
sence of a higher cycloserine concentration. In 
these two months the nonreduced medium per- 
formed as it had in the past. In May and June 1994 
(period 2), when 500 ~xg/ml cycloserine combined 
with prior anaerobic reduction was evaluated in 
335 samples, the rate of cultures positive for tox- 
igenic Clostridium difficile was 17% and that of 
cultures positive for nontoxigenic Clostridium 
difficile 3.3%, constituting the best test perform- 
ance. Culture on both the reduced and the non- 
reduced media containing the higher cycloserine 
concentration was superior to direct stool cytotox- 
in testing (Table 2). July through October 1994 
was a follow-up period, when all clinical testing 
was performed using the new culture procedure 
of prior anaerobic reduction of CCFA medium 
containing 500 ~g/ml cycloserine. As can be seen 
from Table 1, the percent recovery of toxigenic 
Clostridium difficile (14%) was consistent with the 

other study period in which this approach was 
evaluated. 

We were able to review the records of patients ac- 
counting for 63 of 72 positive test results (88%), 
representing 42 patients, during period 2. The da- 
ta were evaluated based upon total tests and in- 
dividual patient results (Table 2). The fact that the 
results of testing were similar for all patient 
symptom groups based on review of clinical 
records indicates that specimens positive for tox- 
igenic Clostridium difficile in culture only (nega- 
tive direct stool cytotoxin test) were as likely to 
be from patients with disease consistent with 
CDAD as those whose direct stool toxin test re- 
sults was also positive. 

When only the first result from each of these pa- 
tients was evaluated, a similar outcome was 
found. In this analysis 35 patients were positive by 
either the stool cytotoxin test or culture for toxi- 
genic Clostridium difficile, and of these, 25 had 
clinical criteria consistent with CDAD. There 
were 11 patients (31%) with diarrhea who were 
stool toxin negative and toxigenic culture positive 
and had received antimicrobial agents, five pa- 
tients (14%) without significant diarrheal stools 
(not fulfilling our CDAD definition) who were 
stool toxin negative and toxigenic culture positive 
and had received antimicrobial agents, 12 pa- 
tients (34%) with diarrhea who were stool toxin 
positive and toxigenic culture positive and had re- 
ceived antimicrobial agents, six patients (17%) 
without diarrhea who were stool toxin positive and 
toxigenic culture positive and had received anti- 
microbial agents, two patients (6%) with diarrhea 
who were stool toxin positive and toxigenic cul- 
ture negative and had received antimicrobial 
agents, and one patient (3%) without diarrhea 
who was stool toxin positive and toxigenic culture 
positive and had not received antimicrobial 
agents. There were eight patients in whom multi- 
ple tests (range 2 to 7 samples) were performed, 
of which at least one test was positive. Initially, dis- 
cordant results were found for five patients: all 
were culture-positive for a toxigenic strain of 
Clostridium difficile but were negative in the di- 
rect stool toxin test. Three became negative in 
both tests upon subsequent testing, one continued 
to have discordant results for the first three sam- 
ples but became positive in both tests on samples 
4 and 5, and one had discordant results for two 
replicate stool samples. Overall, when evaluating 
the data on the first specimen received from all the 
patients during the two-month evaluation, culture 
for toxigenic Clostridium difficile increased the 
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yield of laboratory confirmation of CDAD disease 
78% by identifying 11 of the 25 positive patients 
that would have been missed based upon direct 
detection of stool cytotoxin alone. 

Our evaluation confirms earlier data indicating 
that testing to detect toxin alone will result in a sig- 
nificant number (___ 30%) of likely CDAD cases 
being missed (8, 9). This may reflect a previous un- 
recognized insensitivity of MRC-5 cells, but we be- 
lieve more likely it reflects the enhanced recovery 
of Clostridium difficile when using the originally 
described cycloserine concentration along with 
prior anaerobic reduction of the media. We have 
routinely used a dilution cut-off of 1:200 to indi- 
cate a positive result in the cytotoxin test. We be- 
lieve this provides a consistent degree of sensitiv- 
ity and avoids a high rate of nonspecific cell tox- 
icitY. While some laboratories may choose to test 
at a lower specimen dilution, Walker et al. (10) 
demonstrated that lower stool dilutions (of ap- 
proximately 1:20) are associated with increasing 
problems with nonspecific cytotoxicity. At this 
lower specimen dilution they found the tube cy- 
totoxicity test to have a specificity of only 79% 
when diagnosis of CDAD included clinical crite- 
ria as well (10). Improved specificity was seen in 
microtiter wells at a dilution of 1:100, although 
false-positive results were not eliminated unless a 
final dilution of 1:1000 was considered as a cut-off 
for test positivity. 

Barbut et al. (11) found that enzyme immunoas- 
says were not sufficient for diagnosis when com- 
pared to either the traditional cytotoxicity assay 
or culture for detection of toxigenic Clostridium 
difficile strains. Finally, Bond et al. (12) recently 
reported a study of 500 stool specimens in which 
the utility of culture and stool toxin detection was 
evaluated. They detected stool toxin in 41 speci- 
mens from 32 patients. An additional four patients 
(12.5%) having disease compatible with Clostrid- 
ium difficile infection were detected only by iso- 
lation of toxigenic Clostridium difficile strains 
(12). However, it is apparent that cultures must be 
performed carefully, using the procedure out- 
lined in this report, and that laboratories as well 
as clinicians must insist on relevant patient data 
to confirm the diagnosis of Clostridium difficile- 
associated diarrhea and colitis. Willey and Bart- 
lett (13) initially evaluated selective media con- 
taining 250 ixg/ml cycloserine and found it to per- 
form well in 18 selected fecal samples from 73 
patients whose stools were known to be positive 
for cytotoxin. However, they did not evaluate the 
lower cycloserine concentration in a population of 
patients for whom the diagnosis of Clostridium dif- 

ficile-associated diarrhea or colitis was in doubt. 

Tables 1 and 2 show that it is important to use the 
original cycloserine concentration proposed by 
George et al. (7) and to anaerobically reduce the 
medium at least 4 h prior to inoculating clinical 
specimens for culture (6). We also found that com- 
mercial media meeting adequate quality control 
standards as outlined in the Methods are sufficient 
for good recovery of Clostridium difficile, making 
it possible for most clinical laboratories to perform 
this testing. Several years ago our laboratory had 
changed to a medium containing only 250 ~g/ml 
cycloserine because of reports that the 500 ~g/ml 
formulation could be inhibitory to some Clostrid- 
ium difficile strains (14). However, in the present 
study we found that the lower concentration of cy- 
closerine permits many plates to be interpreted as 
negative for Clostridium difficile because of over- 
growth with other stool flora. 

Clostridium difficile-associated diarrhea causes 
significant morbidity, and even mortality, in insti- 
tutionalized patients. Sensitive tests in the clinical 
microbiology laboratory are mandatory for both 
detection and eventual control of this disease 
through understanding the precise epidemiology 
of this infection (15, 16). Furthermore, in the case 
of therapeutic failure with vancomycin, culture 
would be crucial for organism recovery in order 
to document continued susceptibility of Clostrid- 
ium difficile to the antimicrobial agent selected for 
treatment. Therefore, we disagree with Kelly et al. 
(1, 3) that current technology permits the cytotox- 
in assay to be an adequate gold standard for the 
laboratory confirmation of CDAD, since it is 
simply not sufficiently sensitive when culture for 
Clostridium difficile is performed properly. It is our 
continued belief that current methodology neces- 
sitates both testing for toxin (either A or B) and 
culturing for toxigenic Clostridium difficile to 
achieve this goal. Culture is needed not only for 
epidemiological evaluation but also for primary di- 
agnosis of CDAD. 

Acknowledgements 

This work was supported by Northwestern Memorial Hospi- 
tal and Northwestern University. The authors thank Leslie 
Dorchen for typing the manuscript. 

References 
1. Kelly CR Pothoulakis C, LaMont dT: Clostridium difficile 

colitis. New England Journal of Medicine 1994, 330: 
257-262. 

2. Fang FC, Madinger NE: Clostridium difficile colitis. New 
England Journal of Medicine 1994, 330: 1754. 



336 Notes Eur. J. Clin. Microbiol. Infect. Dis. 

3. Kelly CP, Pothoulakis C, LaMont JT: The authors reply. 
New England Journal of Medicine 1994, 330: 1755. 

4. Peterson LR, Kelly P J: The role of the clinical microbiol- 
ogy laboratory in the management of Clostridium diffi- 
cile-associated diarrhea. Infectious Disease Clinics of 
North America 1993, 7: 277-293. 

5. Arthur M, Molinas C, Depardieu F, Courvalin P: Charac- 
terization of Tn1546, a Tn3-related transposon confer- 
ring glycopeptide resistance by synthesis of depsipep- 
tide peptidoglycan precursors in Enterococcus faecium 
BM4147. Journal of Bacteriology 1993, 175:117-127. 

6. Mundy LS, Shanholtzer C J, Willard KE, Gerding DN, Pe- 
terson LR: Laboratory detection of Clostridium difficile: 
a comparison of media and incubation systems. Amer- 
ican Journal of Clinical Pathology 1995, 103: 52-56. 

7. George WL, Sutter VL, Citron D, Finegold SM: Selective 
and differential medium for isolation of Clostridium diffi- 
cile. Journal of Clinical Microbiology 1979, 9: 214-219. 

8. Peterson LR, Olson MM, Shanholtzer C J, Gerding DN: 
Results of a prospective eighteen-month clinical evalu- 
ation of culture, cytotoxin testing, and Culturette brand 
latex testing in the diagnosis of Clostridium difficile-as- 
sociated diarrhea. Diagnostic Microbiology and Infectious 
Disease t988, 10: 85-91. 

9. Shanholtzer C J, Willard KE, Holter JJ, Olson MM, Gerd- 
ing DN, Peterson LR: Comparison of ViDAS C. difficile 
toxin A immunoassay (CDA) with C. difficile culture, cy- 
totoxin, and latex test. Journal of Clinical Microbiology 
1992, 30:1837-1840. 

10. Walker RC, Ruane P J, Rosenblatt JE, Lyerly DM, 
Gleaves CA, Smith TF, Pierce Jr. PF, Wilkins TD: Com- 
parison of culture, cytotoxic assays, and enzyme-linked 
immunosorbent assay for toxin A and Toxin B in the di- 
agnosis of Clostridium difficile-related enteric disease. Di- 
agnostic Microbiology and Infectious Disease I986, 5: 
61-69. 

11. Barbut F, Kajzer C, Planas N, Petit J-C: Comparison of 
three enzyme immunoassays, a cytotoxicity assay, and 
toxigenic culture for diagnosis of Clostridium difficile-as- 
sociated diarrhea. Journal of Clinical Microbiology 
1993, 31 : 963-967. 

12. Bond F, Payne G, Borriello SP, Humphreys H: Usefulness 
of culture in the diagnosis of Clostridium difficile infec- 
tion. European Journal of Clinical Microbiology & Infec- 
tious Diseases 1995, 14: 223-22& 

13. Willey SH, Bartlett JG: Cultures for Clostridium difficile 
in stools containing a cytotoxin neutralized by Clostrid- 
ium sordellii antitoxin. Journal of Clinical Microbiology 
1979, 10: 880-884. 

14. Levett PN: Effect of antibiotic concentration in a selec- 
tive medium on the isolation of Clostridium difficile from 
faecal specimens. Journal of Clinical Pathology 1985, 38: 
233-234. 

15. Samore MH, DeGirolami PC, Tlucko A, Lichtenberg DA, 
Melvin ZA, Karchmer AW: Clostridium difficile coloniza- 
tion and diarrhea at a tertiary care hospital. Clinical In- 
fectious Diseases 1994, 18:181-187. 

16. Gerding DN, Johnson S, Peterson LR, Mulligan ME, SiF 
va J Jr: Clostridium difficile-associated diarrhea and col- 
itis: SHEA position paper. Infection Control and Hospi- 
tal Epidemiology 1995, 16: 459-488. 

Comparison of an Automated 
Enzyme Immunoassay with a 
Direct Fluorescent Antibody 
Test and Polymerase Chain 
Reaction for the Detection of 
Chlamydia trachomatis in 
Diagnostic Specimens from 
Male Patients 

C.Y.W. Tong*, C. Valentine, O.R Arya 

Endourethral  swabs and f i rst-pass urine (FPU) 
samples from 148 male pat ients were tested for 
Chlamydia t rachomat is  by an automated enzyme 
immunoassay (EIA) (Vidas; b ioM6rieux,  France), a 
direct f luorescent ant ibody (DFA) test (MicroTrak; 
Syva, USA) and two  polymerase chain react ion 
(PCR) methods. Chlamydia t rachomat is  was con-  
sidered present if a specimen was posit ive by at 
least two  methods.  This expanded criterion identi-  
f ied 27 patients (18%) as truly infected. One of the 
PCR methods was most  sensi t ive for both types of 
specimen. When the recommended cut-off  value of 
Vidas was reduced by 50%, its sensit iv i ty on en- 
dourethral  swabs was comparable to that of the 
DFA test, but the DFA test performed better wi th 
FPU. In general, FPU was suitable only for PCR. 

Chlamydia trachomatis is an important  cause of 
sexually transmitted disease. For many  years cell 
culture was the gold standard in the laboratory di- 
agnosis of Chlarnydia trachomatis infection (1). 
However, it is increasingly evident that some of the 
newer molecular nonculture methods are more  
sensitive than cell culture (2-5). As a result, 
many  researchers have tried to introduce ex- 
panded gold standards in the evaluation of tests 
for Chlarnydia trachomatis (2, 3, 5). Here ,  we de- 
scribe a prospective comparison of three different 
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