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Clostridium hathewayi is a newly described Clostridium species isolated from the feces of healthy human in-
dividuals, but its clinical significance is not known. We describe a case of human infection associated with C.
hathewayi. The bacterium (strain HKU18) was isolated from the blood culture of a 39-year-old patient with
acute gangrenous appendicitis complicated by septic shock. The cells were strictly anaerobic, nonmotile rods
that stained gram negative. Conventional phenotypic tests and commercial identification systems failed to
identify HKU18 to the species level. 16S rRNA gene analysis showed 1.4% nucleotide difference between the
sequence of HKU18 and that of C. hathewayi, indicating that HKU18 was a strain of C. hathewayi. The patient
responded to appendectomy and antibiotic treatment. 16S rRNA gene sequencing would be useful in further
characterizing the clinical disease spectrum of C. hathewayi.

CASE REPORT

A 39-year-old Indonesian woman was admitted to the hos-
pital because of fever, chills, and rigor for 1 day. She also
complained of lower abdominal pain which radiated to the
right loin. There were no urinary or bowel symptoms. Her past
medical history was unremarkable. On admission, her oral
temperature was 39°C. The physical examination revealed ten-
derness, guarding, and rebound tenderness over the right loin
and suprapubic areas. Bowel sounds were active. Her total
leukocyte count was 10.2 � 109/liter (neutrophils, 9.5 � 109/
liter; and lymphocytes, 0.6 � 109/liter), a hemoglobin level of
13.7 g/dl, and a platelet count of 272 � 109/liter. Her renal and
liver function tests were within normal limits. An abdominal
radiograph was unremarkable. Blood culture was performed.
She went into septic shock with metabolic acidosis soon after
admission. Fluid resuscitation was administered, and empirical
intravenous cefuroxime and metronidazole were commenced.
Contrast-computed tomography of the abdomen showed a
swollen appendix with fecalith and free fluid in the pouch of
Douglas. An emergency appendectomy was performed. Intra-
operatively, an acutely inflamed and gangrenous appendix
pending perforation was found. Culture of the peritoneal swab
grew only scanty Escherichia coli. The patient recovered un-
eventfully after the operation and was discharged after 4 days
of hospitalization.

Clostridium is a heterogeneous genus that consists of over
150 species. Besides Clostridium perfringens, C. difficile, C. tet-
ani, and C. botulinum, of which the epidemiology and clinical
disease spectra are better defined, studies of the pathogenic
potential and disease association of the other Clostridium spe-
cies have been hampered by difficulties in accurately identify-
ing these bacteria. Since the recognition of the 16S rRNA gene

as a new standard for classification and identification of bac-
teria (12, 13), most Clostridium species have been subjected to
16S rRNA gene sequence analysis, with revisions being made
in their classifications and with new species being identified (3,
4, 14, 15, 17). Recently, the use of this technique for identifying
and defining the clinical significance of anaerobic gram-posi-
tive bacilli, including the identification of a strain of Lactoba-
cillus salivarius isolated from a patient with cholecystitis (19)
and a strain of Actinomyces odontolyticus from a patient with
pelvic inflammatory disease (20) and the discovery of a novel
Actinomyces species (21) and two novel Eggerthella species (7),
has been reported.

Clostridium hathewayi is a newly discovered Clostridium spe-
cies isolated from stool samples of healthy human subjects.
Although the phenotypic characteristics of the two strains iso-
lated were consistent with the genus Clostridium, their species
identification was determined only after 16S rRNA gene se-
quencing, which showed that they represent a new species
within the Clostridium coccoides rRNA complex (16). Since
this first report, there has been no additional information on
the bacterium in the literature and the clinical significance of
the bacterium has been unknown. In this article, we describe a
case of C. hathewayi bacteremia in a patient with acute appen-
dicitis complicated by septic shock.

Clinical and microbiological data. All clinical data were
collected prospectively as described previously (8). The isolates
were identified by standard conventional biochemical methods
(10), the VITEK system (ANI) (bioMérieux Vitek, Hazel-
wood, Mo.), the API system (20A) (bioMérieux Vitek), and
the ATB Expression system (rapid ID32A) (bioMérieux
Vitek). Antimicrobial susceptibility was tested by E-test (AB
Biodisk, Solna, Sweden) on brucella blood agar plates, and the
results were interpreted according to the NCCLS criteria for
anaerobic bacteria (11). All tests were performed in triplicate
with freshly prepared media on separate occasions.
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On day 2 postincubation, the anaerobic blood culture bottle
turned positive, with a straight or slightly curved bacillus which
stained gram negative (strain HKU18). It grows on sheep
blood agar as nonhemolytic, gray colonies of 1 mm in diameter
with a slightly irregular margin after 48 h of incubation at 37°C
in an anaerobic environment. It does not grow in ambient air,
ambient air supplemented with 5% CO2, or microaerophilic
conditions. Cells form ovoid, terminal, or subterminal endo-
spores. It is nonmotile. The biochemical profile of HKU18 is
summarized in Table 1. The Vitek system (ANI) showed that
it was “unidentified.” The API system (20A) showed that it was
46% Bifidobacterium spp., 36% Actinomyces israelii, and 12%
Clostridium clostridioforme, while the ATB Expression system
(ID32A) showed that it was 99.9% C. clostridioforme. The iso-
late was sensitive to vancomycin but resistant to colistin. The
MICs of penicillin, cefotaxime, vancomycin, and metronida-
zole were 0.5, �32, 0.5, and 0.23 �g/ml, respectively.

Scanning electron microscopy. Scanning electron micros-
copy was performed according to previously published proto-
cols (22, 23). Bacterial cells of HKU18 were bacilli which
multiplied by longitudinal division.

16S rRNA gene sequencing, G�C content determination,
and phylogenetic characterization. PCR amplification and DNA
sequencing of the 16S rRNA gene of the isolate were per-
formed according to protocols in previous publications (19,
20). LPW57 (5�-AGTTTGATCCTGGCTCAG-3�) and LPW205
(5�-CTTGTTACGACTTCACCC-3�) (Gibco BRL, Rockville,
Md.) were used as the PCR primers, and LPW57, LPW205,
LPW284 (5�-GTTTACAACCCGAAGGCC-3�), and LPW306
(5�-TGAGATGTTGGGTTAAGT-3�) were used as the se-
quencing primers. The sequences of the PCR products were
compared with known 16S rRNA gene sequences in GenBank
(http://www.ncbi.nlm.nih.gov) by multiple sequence alignment
by using the Clustal W program (18), and phylogenetic analysis
was done by using Clustal X version 1.81 (6). A total of 1,333
nucleotide positions were included in the analysis. Preparation
of genomic DNA for determination of G�C content was per-
formed according to previous published protocols (1, 23), the
G�C content was determined by thermal denaturation, and
DNA was calculated by the formula (G�C)% � 2.44Tm � 169
(5). PCR of the 16S rRNA gene of HKU18 showed a band at
about 1,400 bp. The 16S rRNA gene sequence of HKU18 had
1.4% nucleotide difference from that of C. hathewayi (Gen-
Bank accession no. AJ311620), 4.8% nucleotide difference
from that of Clostridium indolis (GenBank accession no.
Y18184), 4.9% nucleotide difference from that of Clostridium
aerotolerans (GenBank accession no. X76163), 5.1% difference
from that of Clostridium celerecrescens (GenBank accession no.
X71848), and 5.1% difference from that of C. meth-
oxybenzovorans (GenBank accession no. AF067965), indicating
that HKU18 was a strain of C. hathewayi. The G�C content of
HKU18 was 55.4 � 1.2 mol%.

The phenotypic characteristics of HKU18 closely resembled
those of the two previously described isolates of C. hathewayi
(Table 1). All three isolates were strictly anaerobic gram-pos-
itive rods but stained gram negative. HKU18 and one of the
strains previously described were nonmotile, while the other
previous strain was motile. However, the two previous isolates
fermented melezitose while HKU18 did not. The identification
of more strains of C. hathewayi would be helpful in delineating

its key phenotypic profile to be differentiated from closely
related species.

The clinical significance of C. hathewayi in the present pa-
tient is evident by its pure growth in the blood culture of an

TABLE 1. Phenotypic characteristics of C. hathewayi and
the blood culture isolate

Phenotypic characteristic Clostridium
hathewayi (16)

Blood culture
isolate

Gram stain appearance Gram-negative
rods

Gram-negative
rods

Spores Subterminal Terminal or sub-
terminal

Motility Variable �
Catalase � �
Esculin hydrolysis � �
Gelatin hydrolysis � �
Arginine dehydrogenase �
Alkaline phosphatase �
Glutamic acid decarboxylase �
Indole production � �
Phosphate choline �
Urease � �
Reduction of nitrate � �
Reduction of triphenyl tetrazolium �
Oxidation/fermentation of:

Amygdalin �
Arabinose � �
Cellobiose � �
Fructose �
Galactose �
Glucose � �
Glycerol �
Lactose � �
Maltose � �
Mannitol �
Mannose � �
Mellbiose �
Melezitose � �
Raffinose � �
Rhamnose � �
Ribose �
Salicin � �
Sorbitol � �
Sucrose � �
Trehalose � �
Xylose � �

	-Arabinosidase �
	-Fucosidase �

-Fucosidase �
	-Galactosidase �

-Galactosidase �

-Galactosidase-6-phosphate �
	-Glucosidase �

-Glucosidase �

-Glucuronidase �
	-Mannosidase �

-Lactosidase �

-Xylosidase �
N-acetyl-glucosaminidase �
Alanine arylamidase �
Arginine arylamidase �
Benzoyl-arginine arylamidase �
Glutamyl glutamic acid arylamidase �
Glycine arylamidase �
Histidine arylamidase �
Leucine arylamidase �
Leucyl glycine arylamidase �
Lysine arylamidase �
Phenylalanine arylamidase �
Proline arylamidase �
Pyroglutamic acid arylamidase �
Serine arylamidase �
Tyrosine arylamidase �
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immunocompetent patient before the administration of anti-
biotics, which was associated with the development of fever,
neutrophilia, and septic shock. The source of the bacteremia is
most likely the inflamed appendix. Since C. hathewayi has been
isolated from the stool of healthy individuals, it is likely a
normal gut commensal in humans. We speculate that the bac-
terium may have been in the gut flora of our patient and may
have translocated through the inflamed intestinal mucosa to
the bloodstream. Although other anaerobic bacteria, such as
the Bacteroides fragilis group and C. perfringens, have been
associated with or implicated in the pathogenesis of acute
appendicitis (2, 9), the role of C. hathewayi in the development
of the acute appendicitis in the present patient cannot be
determined. The failure to isolate the bacterium from her
peritoneal swab could be due to its stringent transport and
growth requirements and the overgrowth of the less fastidious
E. coli. Further studies are required to investigate the patho-
genic potential of C. hathewayi in humans.
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