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Background & objectives: Mere diagnosis of Clostridium difficile by culture does not help in the
diagnosis of antibiotic associated diarrhoeae (AAD) due to C. difficile. Detection of toxins A and B
form the mainstay in the diagnosis of AAD due to C. difficile. This study was undertaken to find out
the role of stool culture and toxin detection in the diagnosis of AAD due to C. difficile. As there are
very few documented reports from India about AAD due to C. difficile in children in the age group
of 5-12 yr, this age group was selected.
Methods: Faecal samples were collected from 250 hospitalized children in the age group of 5-12 yr
who developed diarrhoea on receiving antibiotics for different medical problems for more than five
days duration. Also faecal samples of 250 age and sex matched controls were collected. Culture for
C. difficile was done on cycloserine cefoxitin fructose egg yolk agar (CCFA) and colonies were
identified by standard laboratory techniques. ELISA for toxins A and B detection and tissue culture
on HeLa cells for toxin B detection were also done.
Results: Overall positivity was 18 per cent in this study group compared to the controls (P<0.001).
Maximum positive cases were in 5-8 yr age group (84.4%). Severe diarrhoea, liquid stool with
mucus and blood, faecal leucocytes >5/high power field, altered flora and presence of Gram-positive
bacilli with oval subterminal spores on Gram stain were sensitive predictors for diagnosis of AAD
due to C. difficile. Amongst positive cases, 68.9 per cent responded to discontinuation of antibiotics
and 31.1 per cent to metronidazole therapy.
Interpretation & conclusion: C. difficile was an important pathogen responsible for antibiotic
associated diarrhoea (AAD) in children of 5-12 yr age group. Conservative use of antibiotics would
be beneficial to decrease the incidence of AAD.
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Since the inception of the term PMC
(Pseudomembranous colitis) by Finney in 18931,2 and
description of Clostridium difficile and its
toxigenicity by Hall and O’Toole in 1935 3, several
investigators had come up with the varied aetiology
of PMC. It was Larson et al4 in 1978, who associated
C. difficile with PMC or clindamycin associated
colitis. Since then a lot of work has been done on
C. difficile and its pathogenicity, and toxins A and B
have been detected5-7.
Diarrhoea still remains a major problem in the
South East Asian countries, including India. With the
discovery of newer antibiotics, cases of antibiotic
associated diarrhoea (AAD) are also on a rise. But
the faecal specimens from these patients are usually
sent for culture of routine enteropathogens and are
therefore, reported as negative. Most of the
laboratories do not have facilities for C. difficile
culture. Moreover, culture positivity is also very low.
Therefore, detection of toxin A and B by enzyme
linked immunosorbent assay (ELISA) and detection
of toxin B by tissue culture form the mainstay in the
diagnosis of C. difficile. Though many reports are
available from western countries 8-12 , very few
documented reports about toxin detection are
available from India in children in the age group of
5-12 yr13,14. Thus we undertook this study to detect
the toxins produced by C. difficile by ELISA and
diagnostic role of tissue culture in cases of antibiotic
associated diarrhoea in the 5-12 yr age group
children.
Material & Methods
A total of 250 stool samples collected in sterile
wide-mouthed containers from all children with
diarrhoea (5-12 yr), who were admitted in Paediatric
wards of Lokmanya Tilak Municipal General
Hospital, Sion, Mumbai, during February 1999 and
August 2001. Inclusion criteria in this study were
antibiotic treatment within two months with
significant diarrhoea (>3 stools of changed
consistency); and no other aetiology or diarrhoea
inducing factors.
Control group consisted of 250 healthy children
of same age group. They were school children who
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came to our hospital for routine health check-up and
immunization clinic; and healthy children from a
nearby municipal school. A detailed proforma was
filled up for every study case, which included age,
sex, severity of diarrhoea, association with other
symptoms like fever, abdominal pain, vomiting,
antibiotics used, any other illness, etc.
All stool samples were processed within 2 h of
collection. Saline and iodine mounts and Gram stain
were prepared and methylene blue stain was done
for presence of faecal leucocytes 15 . For routine
bacterial pathogens, enrichment was done in alkaline
peptone water and Gram-negative broth overnight at
37 0C and then plated onto MacConkey agar and
Xylose lysine deoxycholate agar plates (Hi-Media,
Mumbai) respectively, incubated at 370C overnight
and bacterial enteropathogens were identified by
standard laboratory methods16.
For C. difficile, stool samples were inoculated in
Robertson’s cooked meat (RCM) broth (Hi-Media,
Mumbai) for enrichment, and incubated at 370C for
24-48 h. Direct plating of each sample was done on
Cycloserine cefoxitin fructose egg yolk agar (CCFA)
(Hi-Media, Mumbai) and subculture on CCFA was
also done from 48 h incubated RCM broth; all the
plates were incubated anaerobically in McIntosh
Fildes jar (Equitron, Mumbai) for 48-72 h 17 .
Suspected colonies were identified as C. difficile by
Gram stain and standard biochemical tests like sugar
fermentations, gelatin hydrolysis, hydrogen sulphide
production, etc 18. After 48 h of incubation on CCFA,
colonies of C. difficile were 4 mm or larger, flat to
slightly raised yellowish rhizoid colonies which had
a speckled opalescence and strong horse manure-like
odour. These emitted yellow-green fluorescence
under long wave U-V light.
For toxin assays, stool filtrates were prepared by
suspending the stool in phosphate buffer saline
(PBS), pH 7.0. The suspension was centrifuged at
3000 g for 20 min, and the supernatant was then
filtered through Millipore membrane filter (SartoriusGoettingen, Germany) of pore size 0.45 µm for study
of toxin A/B by ELISA and toxin B by tissue culture
assay. All the filtrates were preserved at -700C until
tested.
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ELISA was performed using Ridascreen ®
Clostridium difficile Toxin A/B kit manufactured by
R-Biopharma GmbH, Darmstadt, Germany19. This is
an enzyme immunoassay for qualitative detection of
toxins A and B of C. difficile. The absorption was
measured at 450 nm wavelength using a microtitre
plate reader (Spectra II, Austria).
For toxin B, tissue culture was performed using
human carcinoma of cervix (HeLa) cell line. The cell
line was obtained from National Centre for Cell
Sciences (NCCS), Pune, Maharashtra. The cell line
was grown in minimum essential medium (MEM)
with foetal calf serum (FCS). The growth was
observed everyday under inverted microscope and
by change in colour of medium from red to yellow.
For trypsinization, the medium was aspirated from
monolayer culture of cells. First, the cells were
washed with trypsin to remove FCS. Then 2 ml
trypsin was added and kept for one minute. The flask
was rocked so that trypsin coated the cells in the flask;
excess trypsin was aspirated out. Flask was placed
in incubator for 5-10 min. Cells were checked for
detachment and resuspended in growth medium. Cells
were counted in haemocytometer (Rohem, India)
using trypan blue dye for excluding the dead cells.
Bottles were prepared according to the number of
cells and incubated in CO2 incubator. 1x106 cells per
ml were inoculated in one bottle with 10 ml of MEM
and 1 ml of FCS. Bottles were incubated in CO 2
incubator and growth was observed up to 7 days. In
microwell plate 1x10 5 cells/ml were put. After full
growth, 1 ml media was taken out and 50 µl stool
filtrate was added and incubated at 370C for 30 min.
Same quantity of medium was again added to the
wells, incubated at 370C and observed after 24, 48,
72 and 96 h, for rounding of cells under inverted
microscope. Results were interpreted as positive
(>90% rounding of cells); weak positive (50-70%
rounding); and negative (<50% rounding).
Data were analysed using Chi square test.
Results
Percentage positivity of C. difficile by culture was
7.2 per cent (18) in the study group as compared to

none in the control group, the difference was
statistically significant (P< 0.001) (Table). One
hundred forty nine (59.6%) of the study group had
moderate diarrhoea (7-10 motions/day) and 42
(16.8%) had severe diarrhoea (>10 motions/day).
Liquid stool was observed in 102 (40.8%) cases and
liquid stool with mucus and blood in 30 (12%) cases.
Apart from diarrhoea, the main presenting symptoms
in the study group were fever in 173 (69.2%) cases,
abdominal pain in 89 (35.6%) and vomiting in 28
(11.2%).
Ampicillin was taken by 77 (30.8%) cases,
followed by combination of ampicillin and amikacin
in (36) 14.4 per cent, ampicillin and gentamicin in
(23) 9.2 per cent, cefotaxime and amikacin in (21)
8.4 per cent, only amikacin in (20) 8 per cent,
cefotaxime and ampicillin in (18) 7.2 per cent, and
only cefotaxime in (8) 3.2 per cent cases.
Combination of cefotaxime, amikacin and ampicillin
was taken by (13) 5.2 per cent cases. Children in
control group had not been on any antibiotics during
the two months.
Gram-positive bacilli with oval subterminal spores
were seen in 95 (38%) cases, faecal leucocytes
>5/high power field (hpf) in 57 (22.5%) and altered
flora in 50 (20%) cases. Other enteropathogens
isolated included Escherichia coli, Proteus morganni,
Pseudomonas aeruginosa, cysts of Entamoeba
histolytica in children of both the groups, and
Aeromonas hydrophila, Shigella boydii,
Table. Age and sex distribution and isolation of Clostridium
difficile from cases and controls
Study
group (%)

Control
group (%)

Male

134 (53.6)

131 (52.4)

Female

116 (46.4)

119 (47.6)

Age group 5-8 yr

165 (66.0)

141 (56.4)

85 (34)

109 (43.6)

C. difficile grown on CCFA

18

0

Percentage positivity

7.2

0

Age group >8-12 yr

n=250 in each group
CCFA, cycloserine cefoxitin fructose egg yolk agar
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Cryptosporidium parvum, Trichomonas huminis, etc.,
in study group only. 178 (71.2%) patients responded
to stoppage of antibiotics and only 70 (28%) patients
required oral metronidazole therapy. Two patients in
the study group expired. In one case, death was due
to renal failure (C. difficile was not isolated in culture,
and ELISA and tissue culture for C. difficile toxins
were also negative in this patient). In another case,
ELISA for C. difficile toxin A/B was positive, but
culture and tissue culture were negative and the cause
of death was hepatoblastoma.
ELISA for toxin A/B was positive in 35 cases
giving a positivity of 14 per cent in the study group.
None of the control cases were positive by ELISA.
In the study group, tissue culture for toxin B was
positive in 48 cases (19.2%). Of these, 41 were
positive and seven weak positive. Weak positives
were negative by ELISA as well as by bacterial
culture.
Of the 250 samples in the study group, 45 were
true positive, giving an overall positivity of 18 per
cent. Of these, 13 samples were positive for all the
three i.e., culture for C. difficile, tissue culture and
ELISA for toxin A/B and 4 were positive for culture
for C. difficile and tissue culture, 18 were positive
for ELISA and tissue culture and 4 were positive only
for ELISA and 6 samples were strongly positive for
tissue culture. The presence of C. difficile in the study
group was statistically significant (P<0.001)
compared to the control group.
Amongst 45 positive cases, 24 (53.33%) were
males and 21 (46.67%) females; 38 children (84.44%)
were in the age group of 5-8 yr, while 7 (15.56%)
were >8-12 yr old. Of these 45 positive cases, 10
had taken ampicillin, 4 amikacin, 2 each took
amoxycillin and co-trimoxazole. A combination of
amikacin and cefotaxime was taken by 13 ampicillin
and amikacin by 8 cases. The remaining 6 cases took
different combinations of two or more antibiotics.
Thirty eight of the 45 positive cases (84.44%) had
fever, which was statistically significant (P<0.05)
compared to the negative cases 250-45=205 cases
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with in study group. Abdominal pain, mild and
moderate diarrhoea was seen in 40, 13.3 and 60 per
cent cases respectively. Severe diarrhoea was present
in 12 (26.67%) cases which was significantly
(P<0.001) higher as compared to the negative cases
in the study group (30/205=14.63%). Only liquid
stool and semiformed stool were present in 17
(37.78%) cases each and the difference was not
significant. However, liquid stool with mucus and
blood was seen in 11 (24.44%) cases and was
significantly (P<0.01) more than the negative cases
in the study group (19/205=9.27%). Gram-positive
bacilli with oval subterminal spores were seen in 39
(86.67%) positive cases. Presence of faecal
leucocytes >5/hpf and altered flora in 19 (42.22%)
and 26 (57.78%) cases respectively was significantly
(P<0.001) higher than the negative cases in the study
group (38/205=18.54% and 24/205=11.71%
respectively).
Amongst the positive cases, 31 (68.9%) responded
to discontinuation of antibiotics and 14 (31.1%) to
oral metronidazole therapy. No death was
encountered amongst the true positive cases.
Discussion
The laboratory diagnosis of AAD due to
C. difficile is based on culture and toxin detection
in faecal specimens. Culture is very sensitive but,
when used alone without toxin detection, leads to
low specificity and underdiagnosis of cases when
high rates of asymptomatic carriage exist. Culture
is also difficult and time consuming 12. C. difficile
was isolated in 7.2 per cent cases in this study. Dutta
et al 20 had isolated from 3.6 per cent cases, whereas
another study reported 20 per cent culture
positivity 12.
Overall positivity in this study was 18 per cent
which was similar to that reported by Dhawan et al13.
Similar findings were reported in other studies12,14,21.
Mere isolation of C. difficile on culture is not
sufficient to establish the pathogenic role of these
isolates. One case in our study was only culture
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positive. This can be due to colonization of C. difficile
in younger children or diarrhoea caused by nontoxigenic strains of C. difficile as reported by
Sultana et al12.
Overall ELISA positivity was 14 per cent in this
study. This was similar to the study by Dhawan
et al 13, who reported 13.6 per cent positivity, but
lower than that reported by Sultana et al 12 (28.8%).
Dutta et al 20 reported 2.7 per cent isolation of C.
difficile from control group, but in our study, none
of the control stool samples grew C. difficile. All
control samples were negative for toxins A/B by
ELISA also. This was similar to another study 14
showing no association of C. difficile with carriage
rate.
C. difficile is responsible for 15-25 per cent cases
of AAD 22 ; and was found to be an important
enteropathogen responsible for AAD in 18 per cent
cases in our study. An Indian study reported 15
per cent prevalence 13 and Oguz et al 23 identified
C. difficile in 16 per cent cases of AAD.
Combination of antibiotics was responsible for
AAD more frequently than single antibiotic treatment
in this study. Most patients with C. difficile infection
develop diarrhoea during antibiotic therapy or within
6-8 wk of treatment 24. Antibiotics responsible are
clindamycin, cephalosporins, or the extended
spectrum penicillins 25.
Ampicillin in AAD is well documented 20,26 ,
aminoglycosides and cephalosporins are also known
to produce AAD 14,20,26 . In the present study,
combination of cefotaxime and amikacin was
responsible for diarrhoea in 28.9 per cent, and
amikacin and ampicillin in 17.8 per cent positive
cases. In an Indian study, combination of antibiotics
was responsible in 23 per cent cases20.
Severe diarrhoea and fever were significant
predictors in our study, while abdominal pain was
not. Thompson et al27 had reported fever, abdominal
pain and distension as the predominant symptoms.

Liquid stool with mucus and blood was also a
sensitive predictor for AAD in our study. Alvarez
et al28 have also reported presence of mucus in stools
and a temperature over 37.8 0 C as significant
predictors of C. difficile infection. Presence of spores
in Gram stain was also a definite predictor of
C. difficile diarrhoea, though Fekety et al29 reported
on the contrary.
In this study, the diarrhoea subsided in about
70 per cent cases of AAD due to C. difficile, after
withdrawal of the suspected antibiotic/s. Remaining
cases responded to oral metronidazole therapy.
Effective antimicrobial agents are metronidazole and
vancomycin; 20-25 per cent patients experience
re-infection or relapse after initial therapy and require
retreatment 25 . In rare cases, subtotal or total
colectomy is required 30 . Prompt and accurate
diagnosis is very important as discontinuation of
antibiotic resolve the diarrhoea.
In the control group, children in whom cysts of
E. histolytica and ova of Ascaris lumbricoides were
detected were given antiamoebic/antihelminthic
drugs. Wet mount of the stool samples of these
children were performed after three weeks and no
cysts or ova were detected.
Though cytotoxin assay for toxin B is the gold
standard, tissue culture facilities are required for
accurate diagnosis and time taken is 1-2 days.
Enzyme immunoassay for toxin A or B is less
sensitive than cytotoxin assay, but it is rapid, easy to
perform and has high specificity 31. Culture, though
sensitive is not specific for toxin producing bacteria
and takes 2-5 days. Latex agglutination assay for
bacterial enzyme (glutamate dehydrogenase) is rapid,
easy to perform and inexpensive, but has poor
sensitivity and specificity. Polymerase chain reaction
(PCR) for toxin A or B genes, though highly sensitive
and specific needs appropriate infrastructure and
technical expertise 31.
In conclusion, C. difficile was found to be an
important pathogen responsible for AAD in children
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of 5-12 yr age group. Cefotaxime, amikacin and
ampicillin were mainly responsible for causing AAD.
Therefore, conservative use of antibiotics would be
beneficial to decrease the occurrence of AAD.
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