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Prevalence of Clostridium spp. and Clostridium difficile in
Children with Acute Diarrhea in Sao Paulo City, Brazil
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Laboratério de Anagerdbios, Departamento de Microbiologia, Instituto de Ciéncias Biomédicas, Universidade de Séo Paul o,
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Species of Clostridium are widely distributed in the environment, inhabiting both human and animal gas-
trointestinal tracts. Clostridium difficile is an important pathogen associated with outbreaks of pseudomembranous
colitis and other intestinal disorders, such as diarrhea. In this study, the prevalence of Clostridium spp. and C.
difficile, from hospitalized children with acute diarrhea, was examined. These children were admitted to 3 different
hospitals for over 12 months. Eighteen (20%) and 19 (21%) stool specimens from children with (90) and without
(91) diarrhea respectively, were positive to clostridia. Only 10 C. difficile strains were detected in 5.5% of the stool
samples of children with diarrhea. None healthy children (without diarrhea) harbored C. difficile. Fromthese 10 C.
difficile, 9 were considered as toxigenic and genotyped astcdA */tcdB* or tcdA/tcdB*, and 1 strain as nontoxigenic
(tcdA-/tdcB"). They were detected by the citotoxicity on VERO cells and by the multiplex-polymerase chain reaction.
Thirty clinical fecal extracts produced minor alterations on VERO cells. The presence of C. difficile as a probable
agent of acute diarrhea is suggested in several countries, but in this study, the presence of these organisms was not
significant. More studies will be necessary to evaluate therole of clostridia or C. difficilein diarrhoeal processesin
children.
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Few dataare available concerning Clostridiuminhab-
iting human gastrointestinal tract, and the interest for
these organisms is due to acute diarrheain children, and
to colon cancer etiology (Falk et a. 1998, Freeman & Wilcox
1999).

Clostridium spp. are widely distributed in the envi-
ronment. They are heterogeneous Gram-positive rods,
anaerobic, fermentative, and spore forming inhabiting the
human intestinal indigenous microbiota(Rochaet a. 1999).

Clostridia are distributed in 5 groups: group I, C.
perfringens, C. septicum, C. nowyi (type A), C.
bifermentans, C. histolyticum, C. sordellii, related to
mionecrosis or gas gangrene; group |1, C. tetani, which
causes tetanus; group I11, C. botulinum, cause botulism;
group IV, C. difficile, which causes acute diarrhea antibi-
otic-associated and pseudomembranous colitis; group V,
C. perfringens, C. ramosum, C. bifermentans, and others
linked to cerebral abscesses, abdominal and gynecologic
infections, pneumonia, and bacteremies (Del ost 1997).

C. difficile is an important nosocomial pathogen and
is associated to outbreaks of pseudomembranous colitis
(PMC) and other intestinal disorders, such asdiarrheain
children and adults, although itsrole in the pathogenesis
of gastroenteritisis not clear yet. However, it has been
observed an association between the detection of C.
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difficile toxin from stools and a previous treatment with
antibiotics in children over 12 months old (Freeman &
Wilcox 1999).

InBrazil, only asmall number of clinical laboratories
are able to reach a definitive diagnosis of C. difficilein-
fection, maybe because simple reliable assays for toxins
inisolates are not available. The major recognized cause
of antibiotic-associated colitis is the cytotoxigenic C.
difficile (Bartlett 1984). C. difficile produces 2 toxins: A
(enterotoxin) and B (cytotoxin), which are the major viru-
lence factors of this organism and which are encoded by
2 separated geneslocated in close proximity on the chro-
mosome (Karasawaet al. 1999). Toxin A causesfluid ac-
cumul ation and mucosal damagein several animal models
(rabbit ileal and colonic loops), aswell asin hamster cecal
segments and in mouse and rat intestines (Lyerly et al.
1985). Toxin B has no enterotoxic activity, butitisamore
potent cytotoxin than toxin A in tissue culture line by
approximately 1,000-fold (Banno et a. 1984).

Several methods are presently available for the labo-
ratory diagnosis of C. difficile-associated diarrhea
(CDAD), including cell culture assay to detect the pres-
ence of cytotoxin, anaerobic culture of stool specimens
for the organism followed by tests of the production of
toxin (toxigenic culture), latex agglutination to detect C.
difficile-associated antigen in stools, and enzyme immu-
noassays (ELISA) to detect toxin A, toxin B or both
(Knoop et al. 1993), but none of these methods have been
ableto offer, in an easy and quick way, a high sensitivity
and specificity of test performance (Peterson et al. 1996).
Recently, it has been devel oped a multiplex-polymerase
chain reaction (PCR), which amplifiessimultaneously tox-
ins A and B genes and which can be used to distinguish
both toxigenic and non-toxigenic C. difficile (McMillin et
a.1992).
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In this study, the presence of Clostridium spp. and
toxigenic C. difficile strainsfrom stool samples of hospi-
talized children with acute diarrheawas examined.

MATERIALSAND METHODS

Patients and sample collection - From June 2000 to
June 2001 atotal of 181 stool sampleswere collected from
90 children with acute diarrhea and 91 children without
diarrhea. Children aged 0-5, neither sex nor race distin-
guished, were selected. Patientswith acute diarrheawere
hospitalized at Hospital Infantil Darcy Vargas, Hospital
Universitario at the Universidade de S&o Paulo and Hos-
pital Infantil Candido Fontoura (S&o Paulo, SP, Brazil).
Diarrhea was defined as 3 loose stools per day, at least,
for 2 days. Some patientswere given an antibiotic therapy
(penicillin, oxacillin, erythromycin, cephalexin, trimetropin,
amikacin, chloramphenicol, amoxicilin). Healthy children
(without diarrhea), at the same age group, were selected
from aday-care center, as control. Stoolsfrom both stud-
ied groups were naturally obtained and immediately pro-
cessed. The Ethic Commission of the hospitalsand of the
Instituto de Ciéncias Biomédicas, USP (Parecer 097/CEP)
approved this study.

Bacterial isolation and identification - Stools were
streaked on a sel ective cycloserine cefoxitin fructose agar
(CCFA) (George et al. 1979) and incubated in anaerobic
conditions (90% N./10% CO,), at 37°C, for 5 days. Ap-
proximately 8to 9 characteristic colonies of each sample,
showing a yellow fluorescence under ultraviolet light,
were subcultured onto blood agar, and isolates were pre-
sumptively identified (Gram stain; lipase, lecithinase, cata-
lase, H,S, and indole production; gelatin, esculin and
starch hydrolysis, and localization of spores). Definitive
identification was performed by the fermentation of glu-
cose, fructose, lactose, maltose and sucrose, in peptone-
yeast extract (PY) broth (Holdeman & Moore 1977).

Cytotoxicity assay - Bacterial cytotoxicity was assayed
on VERO (African green monkey kidney) tissue culture
monolayers (Gulkeet a. 2001). Cellsweregrownin a96-
well microtitration plate (Corning, USA) with L15 minimal
medium (Cultilab Ltd.) added of 2% fetal bovine serum,
andincubatedinair with 5% CO.,, at 37°C, for 48 h. All the
181 fecal extractswere prepared by mixing 0.5 ml of stool
and 1 ml of phosphate buffered saline (PBS, pH 7.2), and
by centrifugation (6,000 g, 15 min). Supernatantswerefil-
tered through 0.45 pm membranefilter (Millipore Corpora-
tion, Bedford, Mass). In addition to this operation, all the
isolated clostridiaweregrownin brain-heart infusion (BHI),
and they were centrifuged (13,000 g, 5 min). Supernatants
werefiltered through 0.45 pm membranefilters (Millipore)
(Gilligan et al. 1993). Stool or supernatant filtrates (50 pl)
were added, in duplicate, to VERO cells. After a 2-day
incubation in air-5% CO, at 37°C, the results were com-
pared with control cells, to which 50 pl of PBS had been
added. Cytotoxicity was considered when the presence
of affected cellswas detected. A cytotoxic referencestrain
C. difficile VPI 10463 (tcdA* /tcdB™), kindly provided by
Dr FeliciaMeisel Mikolajczyk (Department of Medical
Microbiology, Center of Bio-structure Research, Poland)
was used as control.

Detection of tcdA and tcdB genes- Chromosomal DNA
wasextracted from toxigenic C. difficile and non-toxigenic
clostridiagrown on blood agar. Bacteriawere mixed with
300 pl of sterilized Milli-Q water and washed twiceat 12,000
g, for 10 min. Pellet was resuspended in 300 pl of Milli-Q
water and boiled for 17 min. After centrifugation (14,000
g, 10 min), supernatant was saved and used as template
(McMillinetal. 1992). Positive (C. difficile VPl 19463) and
negative control strains of toxigenicity were included in
PCR assays.

Multiplex-PCRreaction - The primersused were: Tox-
A1l (5-GGA AAT TTA GCT GCA GCA TCT GAC-3);
Tox-A2(5-TCTAGCAAATTCGCT TGT GTT GAA-3);
Tox-B1(5'-GGT GAT ATG GAG GCA TCA CCA CTA G-
3')and Tox-B2 (5'-TCCAGGATA AGT CTCCTCTAC
GTT G-3) (McMillineta. 1992) (Gibco BRL Technolo-
gies). These primers amplified a characteristic 1,217-bp
toxin A (gene tcdA) and 1,050-bp toxin B (gene tcdB)
bands. DNA amplification was performed in afinal vol-
ume of 25 pl containing 10X PCR Buffer (Gibco), 50 mM
MgCl,, 10mM dNTPmix, 0.4 uM each primer, 0.5 U/l
Taq polymerase, and 10 ng DNA template. Amplification
was performed in a DNA thermal cycler (Perkin Elmer,
GenAmp PCR System 9700), programmed for 94°C (5 min)
followed by 37 cycles of 94°C (30 sec), 50°C (30 sec) and
72°C (30 sec), and then 72°C (5 min), in order to allow the
completion of DNA extension.

Detection of amplified products - PCR products were
detected by electrophoresisin 1% agarose gel in 1X TBE
(Gibco), at 70V, for 2 h, stained with ethidium bromide (0.5
pg/ml), and photographed onaUV transilluminator (Elec-
trophoresis Documentation and Analysis System 120,
Kodak Digital Science). A molecular mass standard of 1
Kb DNA ladder (Gibco) wasincluded.

RESULTS

Recovery of clostridia fromfeces samples- The preva-
lence of clostridiaand C. difficile isolated from children
with acutediarrheaisshowed in Tablel. In Tablell it can
be observed the isolation of C. difficile from stools of
hospitalized children of different ages.

TABLE|

Distribution of clostridiain 37 stool samples from children
with and without diarrhea

Stool samples

Diarrhe % Normal %
Species (n=18) (n=19)
Clostridium difficile 5 28 0 0
C. septicum 1 5.6 4 211
C. bifermentans 0 0 1 53
C. ramosum 9 50 8 42.1
C. barattii 0 0 4 211
C. butyricum 1 5.6 2 105
C. clostridioforme 1 5.6 1 53
C. innocuum 1 5.6 2 10.5
C. sphenoides 0 0 2 105
C. paraputrificum 0 0 1 5.3
Clostridium sp. 3 16.6 0 0
C. limosum 2 111 0 0




C. difficiletoxin detection and presence of toxin genes
- Nine C. difficile strains showed cytotoxic activity on
VERO cdlls, producing typical alterationssuch asincrease
of size and rounding of cells. Only one C. difficile strain
did not show neither cytotoxic activity, nor toxin A or B
genes. Thirty stool extracts showed cytotoxicity, includ-
ing those from which C. difficile were isolated. Other
strains as C. ramosum (23), C. septicum (7), C. barattii
(4), C. butyricum (3), C. clostridioforme (2), C. limosum
(3), C. bifermentans (1), C. innocuum(1), C. paraputrificum
(2), Clostridium sp. (1), and C. sphenoides (1), produced
dlight alterations on VERO cdlls, differently from those
produced by C. difficile, which becomethe cellsoval with-
out altering their size (data not shown).

Both the presence and the absence of C. difficiletoxin
geneswere examined by multiplex-PCR. Only 6 C. difficile
carried both thetoxin A and B genes, three strains carried
only the toxin B gene and one strain did not carry any
gene(Tablelll). Other speciesof Clostridium, differently
from C. difficile, did not carry any toxin gene.

TABLE Il

Isolation of Clostridium difficile from stool samples of 90
hospitalized children of different age groups

Children with diarrhea

Age n % C. difficile

Newborn - 5 months 44 45 2

6 - 11 months 22 9.1 2

1 - Syears 24 4.2 1

Total 90 55 5
TABLE Il

Cytotoxicity on Vero cells and genotypes of Clostridium
difficile recovered of children with diarrhea

Vero _ Genes?®
Strain cytotoxicity tcdA tcdB Genotypes
P2 - - - tcdA/tcdB”
P3 + - + tcdA/tcdB*
P27A + + + tcdA* /tcdB*t
pP27C + - + tcdA/tcdB*
P27H + + + tcdA* /tcdB
P29B + + + tcdA* /tcdBt
P29C + + + tcdA* /tcdB
P77E + + + tcdA* /tcdB
P77G + - + tcdA/tcdB*
P771 + + + tcdA* /tcdB
VPI 10463 + + + tcdA* ftcdB*

a: multiplex-PCR detection; b: reference strain C. difficile VPI
10463

DISCUSSION

Clostridium spp. is part of the intestinal indigenous
microbiota of young children and they can produce sev-
eral endogenousinfections (Van der Vorm 1999). C. difficile
is considered the etiologic agent of PMC and the major
cause of antibiotic-associated diarrheain adults, but the
attribution of thisorganism to enteric diseasesin children
islessclear (Karlsson et a. 2000).
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Studies on C. difficile-associated diarrhea in Brazil
have been limited, probably dueto thelack of technology
and facilities in the culture of anaerobic pathogens. In
this study, the prevalence of Clostridium spp. and C.
difficile, and the toxin production amongst hospitalized
children with acute diarrhea and of a control group was
investigated.

CCFA mediumisrecommended for theisolation of C.
difficile; however, other species of clostridia also grow
and produce a characteristic yellow fluorescence under
UV light, according to Murray et al. (1995) and Leeet a.
(2000).
C. difficilewasisolated from 5.5% of the patientsand
no healthy children harbored this microorganism. Simi-
larly, Soyletir et a. (1996) found thisorganismin 4.9% of
Turkish children with diarrhea. In Brazil, Garciaand Uzeda
(1988) isolated C. difficilefrom 13.8% of clinical samples
from hospitalized children with acute diarrhea.

From the 18 hospitalized children with clostridia-posi-
tive stool samples, 4 of them were not taking antibiotics at
the time of the sampling, but C. difficile, C. ramosum, C.
limosum, C. innocuum, and Clostridium spp. were also
recovered. The use of antimicrobia agents can alter the
bacterial isolation range; however, no differencesin the
recovering of clostridia from hospitalized children who
were given or not an antibiotic therapy were observed.
On the other hand, it is suggested that some factors such
asimmunological alterations, age, nutritional conditions,
genetic factors, pathol ogies or antimicrobial therapy, can
asointerfereontheclostridiaisolation (Zhang et al. 1999).
No other enteropathogenic organism was observed in
stool cultures.

The recovery of C. difficile in patients with diarrhea
could represent a small fraction of their intestinal
microbiota, or it could be a fecal-oral contamination
(Bressane et al. 2001). In this study, 9 C. difficile were
toxigenicto VERO cells, but other isolated clostridiaa so
produced minor tissue ateration. Clostridia produce cy-
totoxinsthat alter the eucariotic Rho proteins, producing
acytoskeleton disruption of theintestinal cellsand modi-
fyingtheir shape (Lerm et a. 2000). From 37 stool samples
positive to clostridia, 30 stool extracts produced alter-
ations on VERO cells; however, it cannot be considered
exclusively as caused by C. difficile, unless these alter-
ationson cellular culture are neutralized by a specific an-
titoxin (McVay & Rolfe 2000).

Both toxins are consistently detected in fecal speci-
mens from human beings and experimental animals; thus,
both toxins are produced during the disease period (Lyerly
et a. 1985). According to Kato et al. (2001), we also ob-
served that, from 10 isolated C. difficile, only 1
nontoxigenic strain lacked the genes for both toxins A
and B, while 6 toxigenic strains carried both toxin genes,
and 3 toxigenic strains carried only toxin B gene.

On the other hand, it has been documented that C.
difficile cytotoxin isinactivated by the myel operoxidase
system of neutrophils and by H,O, of Lactobacillus aci-
dophilus(Ooi et al. 1984). Accordingto Niyogi et al. (1991),
it may occur the absence of cytotoxic activity in fecal
samples due to an in vivo inactivation of the toxin, de-
spite the isolation of toxigenic C. difficilein this sample.
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These findings indicate that both tcdA and tcdB or tcdB
are stably expressed in C. difficile, suggesting that a de-
finitive diagnosis of C. difficile infection can be accom-
plished by amultiplex-PCR detection of the toxin genes,
rather than by tissue culture assay or enzyme immunoas-
say of isolatesfrom stool (Karasawaet al. 1999).

The presence of C. difficileasaprobable causal agent
of acute diarrheais suggested in several countries. How-
ever, our results show that the presence of C. difficile
was hot significant, suggesting that other enteropatho-
gens such as rotavirus, enteropathogenic Escherichia
coli, enterotoxigenic E. coli or Vibrio cholerae could be
implicated in diarrhoeal processesin Brazil (Bressane et
a. 2001).

These results also suggest the need of more studies
to evaluatetheroleof C. difficilein diarrhoeal processes,
which could provide a better understanding of these in-
fections, in ecological and pathogenic terms.
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