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P = .017). There were statistically significant differences between
the patients with the CDAD and the carriers in terms of the presence
of more than three active medical problems (i.e., requiring treatment
in the ICU; 65% vs. 27%; P = .05), the presence of more than three
underlying diseases (65% vs. 27%; P = .05), and longer duration
of antibiotic therapy (88% vs. 45%; P = .02) (table 1).

A total of 68 stool specimens were positive for C. difficile, and
62 of the isolates were preserved for further research. Fifty-nine
(95%) of the 62 isolates, evenly distributed in CDAD group and
carrier group, were positive for toxins. PCR ribotyping yielded
five ribotypes, and the RAPD method yielded seven types. The
combination of these two methods generated eight distinctive fin-
gerprints. The most frequently isolated type was type I (isolated
from 29 [47%] of 62 patients), which could be isolated from nine
(53%) of 17 patients with CDAD and from two (18%) of 11
asymptomatic carriers (P = .08). In addition, types II, III, IV, and
V were variably associated with diseases. Types VI, VII, and VIII
were recovered only from asymptomatic carriers, but the numbers
of isolates of these types were small.

Our data show that there was no correlation between genotypes,
toxin production, and clinical manifestations of infection. There
was no strain-specific difference for asymptomatic carriers vs. pa-
tients with CDAD. The predominant type (type I) was variably
associated with diseases, and five of eight types were associated
with diarrhea. Toxigenic C. difficile strains could be isolated both
from patients with CDAD and from asymptomatic carriers. Actu-
ally, most strains from both groups were toxigenic in vitro. The
results of our study also failed to support the belief that the patho-
genicity of an isolate depended on strain variation and toxin pro-

Right-Sided Pacemaker-Related Endocarditis Due to
Acremonium Species

Fungal endocarditis is a rare complication of pacemaker place-
ment. We report the successful treatment of disseminated acremo-
nium infection associated with pacemaker-related endocarditis and
endophthalmitis in an 80-year-old male patient with no underlying
condition.

Three weeks before admission to the hospital, the patient was
treated with topical and systemic steroids for an unspecified in-
flammatory disease of the left eye; he had had a pacemaker in place
for 3 years. At admission, the clinical examination was consistent
with fungal endophthalmitis and he underwent vitrectomy. After 3
days of incubation, fungal culture (on Sabouraud dextrose and brain-
heart infusion agar) yielded Acremonium species with the character-
istic fine and hyaline septate hyphae, with long awl-shaped phialides
producing one-celled oblonged conidia in clusters.

Findings of the rest of the clinical examination were normal;
the electrocardiogram, a chest roentgenogram, and a WBC count
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duction. Host factors, especially debilitated status, appear to be
important determinants for the clinical expression of CDAD.
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did not reveal any abnormalities. The erythrocyte sedimentation
rate was 16 mm/h, and the level of C-reactive protein was 9 mg/L.
Blood cultures (four sets) were sterile. Findings on a transthoracic
echocardiogram were normal. The patient received iv amphoteri-
cin B therapy (cumulative dose of 1 g).

On day 45 of hospitalization, the patient’s temperature rose to
39.5°C and he experienced chills; blood cultures yielded Acremo-
nium species. Findings on a second transthoracic echocardiogram
were normal, but a transesophageal echocardiogram showed a
floating mass of ~2 cm in diameter in the right atrium that was
surrounding the pacemaker wire. A new course of amphotericin B
therapy was started but had to be discontinued after a cumulative
dose of only 315 mg because of renal toxicity.

The susceptibility of the Acremonium isolate recovered from the
eye was tested (P. Troke, Pfizer Clinical Research Department, Sand-
wich, UK) with use of an agar dilution method and yielded the follow-
ing MICs: fluconazole, 50 pg/mL; amphotericin B, 31 pug/mL; itraco-
nazole, 3.1 pg/mL; and voriconazole, 0.39 pg/mL. Therapy with
voriconazole (200 mg b.i.d. orally, provided by Pfizer) was started,
and the patient became afebrile. Twelve days after this treatment was
started, the pacemaker and the electrode were surgically removed by
right atriotomy (figure 1). Cultures of biopsy specimens from the
pacemaker electrode and heart yielded Acremonium species. Histo-
pathological examination of the inflammatory tissue adherent to the
wire and to the right atrium revealed fungal filaments (hyphae).

The patient received voriconazole (3 mg/kg b.i.d.) intravenously
for 7 days after surgery and orally for 5 more weeks. No adverse
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Figure 1. View of the right opened atrium
of an 80-year-old man with right-sided pace-
maker-related endocarditis due to Acremonium
species. Note that the electrode (E) is enclosed
by a tissue (arrow) partially fixed to the right
atrium and to the anterior leaflet of the tricuspid
valve (T).

event was reported, and the patient left the hospital 10 days after
surgery. There were no signs of recurrence of the infection 2 years
after the device was removed.

Endocarditis is an uncommon complication of pacemaker place-
ment and is reported in 0.15%—6% of patients [1, 2]; fungal infections
are extremely rare in patients with pacemakers, and only a few cases
have been reported. The etiologic agents of pacemaker infection in-
clude Candida species [3, 4], Aspergillus species [5, 6], and, in one
case, Petriellidium (Pseudallescheria) species [7]; to our knowledge,
we report the first case of pacemaker-related endocarditis due to
Acremonium species. Invasive infections due to Acremonium species
can be localized, systemic, or sometimes both [8].

The reported cases of acremonium endophthalmitis were sec-
ondary to penetrating injuries, viral or fungal keratitis, or ocular
surgery [9]. However, our patient did not report even a minor
penetrating injury. In the absence of such an injury, we believe
that endophthalmitis was not the site of the primary infection but
rather the consequence of a hematologic spread. The filamentous
fungus could have contaminated the pacemaker during its place-
ment in 1991.

Although patients usually do not survive an episode of fungal
pacemaker-related endocarditis, a recent case was reported in
which a 56-year-old man with pacemaker-related endocarditis due
to candida infection survived after undergoing surgery and receiv-
ing treatment with antifungal agents [3]. In the other four cases
of fungal pacemaker-related endocarditis reported, the outcome
was fatal [4—7]. Right-sided endocarditis has been diagnosed with
use of the transesophageal echocardiogram after two transthoracic
approaches. Transesophageal echocardiography is significantly
more sensitive than transthoracic echocardiography for the recog-
nition of vegetations and paravalvular abscesses [10] in patients
with infectious endocarditis. However, this series includes mostly
patients with aortic and mitral endocarditis.

The antimicrobial treatment for acremonium infections is not
yet well defined because of the rarity of this infection [8]. In our
case, susceptibility testing of our isolate suggested resistance in
vitro to amphotericin B; on the other hand, this test showed that
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the MIC of voriconazole was low. Although the MIC results should
be cautiously interpreted because of a lack of standardized method-
ology for susceptibility testing of filamentous fungi, treatment with
amphotericin B was clinically unsatisfactory. Our patient was
cured by surgery combined with voriconazole treatment, and there
were no signs of recurrence of the infection at a 2-year follow-up
visit.

This case report is important for three reasons: (1) our case of
pacemaker-related fungal endocarditis is rare, (2) to our knowl-
edge, we report the first case of pacemaker-related endocarditis
due to Acremonium species, and (3) our patient survived an episode
of fungal pacemaker-related endocarditis.
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Pleural Empyema Due to Clostridium difficile and
Clostridium cadaveris

Pleuropulmonary infections with clostridial species, usually
Clostridium perfringens, have been reported occasionally [1]. We
describe a patient with a bronchogenic cyst who developed pleuro-
pulmonary empyema due to Clostridium difficile and Clostridium
cadaveris after surgical removal of the cyst.

A 33-year-old male pig farmer had had a bronchogenic cyst in
the upper lobe of the left lung for ~8 years. Because the cyst was
enlarging, segmental resection was performed on 31 January 1996.
On the sixth postoperative day, the patient developed fever with
leukocytosis (leukocyte count, 17,700 cells/mm®). A chest radio-
graph revealed pleural effusion on the left side. Foul-smelling fluid
was obtained via transthoracic puncture on 11 February.

Culture of the material yielded two anaerobic gram-positive spore-
forming rods with different colony morphologies and odors. With
use of the API 20A system (bioMérieux, Marcy I’Etoile, France) and
gas chromatography, the isolates were identified as C. difficile and
C. cadaveris (the identity of the latter isolate was confirmed by Dr.
M. McTeague, Wadsworth Anaerobe Laboratory, Los Angeles). The
C. difficile strain produced cytotoxin B. The Etest (AB BIODISK,
Solna, Sweden) showed that both organisms were susceptible to
amoxicillin/clavulanate and metronidazole. Therapy with iv amoxicil-
lin/clavulanate (1,000/200 mg t.i.d.) was started on 11 February.

On 19 February, the patient developed a bronchopleural fistula. A
second thoracotomy was performed on 21 February. The rest of the
left lung was found to be necrotic, and pneumonectomy was per-
formed. Intravenous metronidazole (500 mg t.i.d.) was added to the
patient’s regimen of amoxicillin/clavulanate. Cultures of fluid from
the thoracic drain were repeatedly negative after antimicrobial therapy
was initiated. The drain was removed on 1 March, antibiotic therapy
was stopped, and the patient was discharged from the hospital.

Four days later, he returned to the hospital with fever and pain
on the left side of the thorax. A chest radiograph revealed a normal
pleural cavity but enlarged cardiac contours. An echocardiogram
revealed a 5-cm pericardial effusion. A third thoracotomy with
pericardiotomy was performed on 25 March for debridement fol-
lowed by drainage and daily rinsing with 5% povidone-iodine.
Culture of the pleural fluid yielded only C. cadaveris; the isolate
was susceptible in vitro to amoxicillin/clavulanate and metronida-
zole. The pericardial fluid was sterile. The patient again received
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the intravenous combination of amoxicillin/clavulanate (1,000/200
mg g4h) and metronidazole (500 mg t.i.d.). Follow-up cultures of
fluid from the drain were all sterile. Therapy with metronidazole
was stopped on 12 April, and the drain was removed 1 week later.
Therapy with amoxicillin/clavulanate was continued until 26 May
(during the last 2 weeks, amoxicillin/clavulanate was administered
orally at a dosage of 500/125 mg t.i.d.). A CT scan showed no
signs of abscesses. The leukocyte count was 8,200/mm®. No
[B-lactamase production was detected in the C. cadaveris isolate.
The patient was discharged from the hospital in good clinical
condition with a prescription for oral amoxicillin (500 mg q.i.d.).
As of this writing (3 months later), he is clinically stable.

Few cases of pleural infection with C. difficile have been re-
ported [2, 3]. C. cadaveris is not known to produce a toxin and is
considered to be nonpathogenic for humans and laboratory animals
[4]. However, C. cadaveris bacteremia (in two immunocomprom-
ised patients) and C. cadaveris—associated spontaneous bacterial
peritonitis have been described [5, 6]. Aspiration of aerosol from
animal material while handling dead piglets seems to be a logical
explanation for our patient’s pulmonary infection. The severity of
his infection with two anaerobic organisms that are both considered
to be of little pathogenic importance, with destruction of a whole
lung despite adequate antimicrobial therapy, is remarkable.

We believe that the C. cadaveris isolate persisted after 4 weeks
of therapy because of its capacity to sporulate. The persistence of
C. cadaveris despite adequate therapy was not described in the
three previously mentioned case reports [5, 6]; those patients all
died of complications during hospitalization, which obscured the
possible role of C. cadaveris. We conclude that the pathogenicity
of C. cadaveris needs further study.
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