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Background. In March 2002, a patient in Tel Aviv, Israel, died of endocarditis caused by Phialemonium
curvatum. As part of his therapy for erectile dysfunction, the patient had been trained to self-inject a compound
of vasoactive drugs provided by an impotence clinic into his penile corpus cavernosous.

Methods. We identified the used prefilled syringes as the source of his infection. Similar cases were investigated
as a putative outbreak of P. curvatum invasive disease among customers of this impotence clinic. P. curvatum
isolates, cultured from samples obtained from the patients and from prefilled syringes, were compared by DNA
sequencing of the nuclear ribosomal internal transcribed spacer.

Results. We identified 2 additional customers at the impotence clinic who had P. curvatum endocarditis. In
addition, cultures of unused, prefilled syringes and bottles provided by the same clinic to 5 asymptomatic customers
tested positive for pathogenic molds (P. curvatum in 4 cases and Paecilomyces lilacinus in 1). All P. curvatum isolates
were of a single genetic type that is known only from this outbreak but is closely related to 3 other P. curvatum
genotypes associated with pathogenicity in humans.

Conclusions. P. curvatum is an emerging pathogen that can be readily isolated from blood. We identified an
outbreak of P. curvatum endocarditis among men who had erectile dysfunction treated by intracavernous penile
injections from contaminated prefilled syringes.

Erectile dysfunction is a common problem, affecting

up to 52% of men aged 40–70 years [1]. The current

availability of an effective and safe oral therapy for erec-

tile dysfunction, in conjunction with the tremendous

media interest in the condition, has resulted in an in-

creasing number of men seeking help for this condition.

Intracavernosal injection of prostaglandin E1 or vaso-

active drug mixtures has been a popular remedy for
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erectile dysfunction and is a reliable and safe option,

with an erectogenic effect generally superior to that

obtained with sildenafil [2].

Phialemonium species are saprotrophic molds that

have rarely been identified as causing invasive disease

[3]. In March 2002, a patient in Israel died of Phiale-

monium curvatum endocarditis. The source of his in-

fection was contaminated intracavernous penile injec-

tions provided at a private impotence clinic for the

treatment of impotence. An investigation to find ad-

ditional cases revealed an outbreak requiring nation-

wide infection-control measures.

METHODS

Patient identification. The infectious diseases units

at hospitals A and B serving the area where the impli-

cated impotence clinic is located were notified about

the unusual pathogen; statewide notification followed.
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Table 1. Isolates studied and their origin, substrate, and GenBank accession numbers.

Phialemonium curvatum
sequence type,
strain number(s) Geographic origin Source of isolation (site)

Variable
nucleotides at
key alignment

positions in ITS

65 83 84 456

Type 1: 102172a and 102173a Brazil Human (blood) C A C T
Type 2

832.71a,b Argentina Human (keratitis) C A C C
111236a The Netherlands Dialysis fluid C A C C
489.82a Ohio Human (keratitis) C A C C
113274a Germany Human (keratitis) C A C C

Type 3: Isr 1, Isr 4, 110572,a

and 113965–7a
Israel Human (blood, heart valve,

and vertebral mass) and
unused syringe

C A T C

Type 4
491.82a,c California Soil from chaparral T — T C
490.82a,d Georgia Human (skin lesion) T — T C
492.82a,c Colorado River water T — T C
110659a,e Chicago Human (blood, catheter

site, and heart valve)
T — T C

NOTE. A, adenosine; C, cytosine; ITS, internal transcribed spacer; T, thymidine; —, gap in alignment.
a Centraalbureau voor Schimmelcultures (Utrecht, The Netherlands) culture collection number.
b Previously identified as Volutella cinerescens.
c Previously identified as Phialemonium dimorphosporum.
d Ex-type strain of P. curvatum.
e Also includes 5 identical outbreak isolates [7].

All positive blood culture results were reviewed daily by infec-

tious diseases physicians, and any case suspicious for infective

endocarditis was further assessed. The mycology laboratories

were alerted to report any identification of a fungus from a

specimen of normally sterile body fluids and tissues, particularly

if reminiscent of a dematiaceous fungus. We defined a patient

as any person who had had an invasive disease caused by P.

curvatum during the period of February 2002 through February

2003.

Epidemiological investigation. Samples from used and un-

used prefilled syringes provided to the patients and to asymp-

tomatic clients of the impotence clinic were cultured. Multiple

environmental samples from the house of patient 1 were ob-

tained for fungal cultures, including any area where he stored

the syringes and surfaces that he might have come in contact

with during preparations for self-injection, including cotton

balls and the container for the ethanol used to clean his penis

prior to injection of the drugs. Environmental samples were

obtained for cultures from all surfaces of the working area

where drug compounding took place in the impotence clinic.

Vials of the original compounds were not available for testing.

Laboratory methods. Environmental samples were ob-

tained for culture with a moist cotton swab. For both patient

and environmental isolates, a pure culture was performed with

potato dextrose agar (PDA; Difco Laboratories), maintained at

28�C, and used for slide cultures on PDA. Conidial morphology

and ontogeny were examined microscopically after 3–10 days’

incubation at 28�C. Species determination was made according

to the overall microscopic and macroscopic appearance.

To culture samples of the fluid from the prefilled syringes,

the entire volume of the syringe was filtered through a 0.2-mm

pore-size filter (Schleicher & Schuell). Used syringes were re-

filled to their entire volume with sterile saline and were then

treated as the prefilled syringes. The filter was placed on Em-

mons’ modified Sabouraud glucose agar supplemented with 50

mg of chloramphenicol and 5 mg of gentamicin per liter and

was incubated for a week at 35�C. Outgrowing fungi were iso-

lated and morphologically identified [4]. Antifungal suscepti-

bilities were assessed by the NCCLS M38-A microdilution

method [5], using 100% inhibition as the end point. Serum

voriconazole concentrations were measured by liquid chro-

matography–tandem mass spectrometry [6].

DNA sequencing of the nuclear ribosomal internal tran-

scribed spacer (ITS) region and subsequent analysis was done

using the method detailed by Proia et al. [7]. For a nucleotide

gap encountered in 9 strains of sequence type 4 (table 1), an

additional code was introduced. All other gaps were treated as

missing characters.

Several environmental and patient isolates were deposited in

the culture collection of the CBS Fungal Biodiversity Center

(Utrecht, The Netherlands). Accession numbers are shown in

table 1.
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RESULTS

Three patients with P. curvatum invasive disease were identified.

All 3 patients had endocarditis.

Case Reports

Patient 1. An 84-year-old man was admitted to hospital A

in February 2002 for new-onset lower-back pain and deterio-

rating renal function. Medical history included aortic valve

replacement with a biological prosthesis because of aortic ste-

nosis (which had been performed 4 years earlier), hypertension,

and chronic renal failure (creatinine level, 2.0 mg/dL). At hos-

pital admission, the patient was afebrile. Physical examination

was remarkable for bitemporal atrophy, systolic murmur of 3/

6 over the aortic area, and pain to percussion over the lumbar

spine. There were no peripheral stigmata of infective endocar-

ditis. The erythrocyte sedimentation rate (ESR) was 90 mm/h

(Westergren), and the creatinine level was 3.5 mg/dL. Urinalysis

revealed microhematuria. Blood cultures were sterile. Radio-

logical studies of the spine showed bulging of the disk between

vertebrae L4 and L5 and narrowing of the spinal cord canal,

destruction of the end plates, lysis of the L4 and L5 vertebral

bodies, and thickening of the paravertebral tissue—which is

compatible with osteomyelitis. Examination of biopsy material

from L5 disclosed chronic inflammation, but no pathogens

were seen on microscopy. Bone culture grew a single colony

of a mold initially identified as Acremonium kiliense, which was

considered to be a contaminant. The first transesophageal ech-

ocardiography disclosed a 17-mm long immobile mass of in-

homogenous appearance attached to the strut of the biopros-

thetic valve near the right coronary sinus compatible with a

partially calcified thrombus. The valve cusps showed normal

thickness and motion.

The patient was treated with vancomycin for presumed bac-

terial spinal osteomyelitis and endocarditis. One month after

hospital admission, while still afebrile, the patient developed

acute sensory aphasia. CT of the brain revealed an ischemic

stroke in the territory of the left middle cerebral artery, sug-

gestive of embolic origin. Four of 5 blood culture sets grew the

same mold that grew in the bone culture, later identified as P.

curvatum. Repeated transesophageal echocardiography showed

the same mass attached to the prosthetic strut and an additional

mobile mass (diameter, 6 mm) attached to the prosthetic aortic

leaflet, with mild to moderate aortic regurgitation. Treatment

with amphotericin B colloidal dispersion (Amphocil [Sequus

Pharmaceuticals Gameda-Mediquip]; 5 mg/kg q.d.) was started,

but while retching, the patient lapsed into a coma. CT of the

brain showed multiple hemorrhagic infarcts. The patient died

shortly thereafter.

Because the source of infection was unclear, a thorough ques-

tioning of the patient’s spouse was performed, which revealed

that the patient had experienced recent impotence. He self-

injected solution that contained papaverine into his penile cor-

pus cavernosus with prefilled syringes provided by an impo-

tence clinic. A physical examination conducted shortly before

he died revealed multiple injection marks on his penile shaft,

without signs of local infection.

Patient 2. A man aged 55 years was admitted to hospital

A in September 2002 with a 6-month history of joint pain and

a recent onset of fever. The prominent findings of a physical

examination were a temperature of 38.2�C, a 3/6 systolic mur-

mur over the left sternal border, and inflamed right ankle and

left knee joints. Transesophageal echocardiography revealed a

vegetation (diameter, 15 mm) on the aortic valve. CT disclosed

splenic lesions consistent with infarcts or abscesses. Four of 5

blood cultures yielded P. curvatum. Blood culture results re-

mained negative thereafter. The patient underwent urgent aor-

tic valve replacement and splenectomy. Cultures of specimens

from the valve were positive for P. curvatum. Treatment was

initiated with amphotericin B (1.5 mg/kg q.d.) for 3 weeks,

followed by voriconazole (400 mg q.d.).

Shortly after voriconazole therapy had been started, the pa-

tient experienced new-onset right knee arthritis. A joint fluid

culture was positive for P. curvatum. The voriconazole dosage

was increased to 800 mg per day, and the patient’s clinical

condition improved. However, at follow-up, increases in the

alanine aminotransferase level (to 800 U/L) and g-glutamyl-

transferase level (to 400 U/L) forced a reduction in the daily

dose of voriconazole to 400 mg. The patient’s peak serum

voriconazole concentration was 0.97 mg/L, and the trough level

was 0.31 mg/L. The MIC of voriconazole was 0.5 mg/L. After

5 months of therapy, the patient complained again of increasing

back pain. Spinal CT and MRI and bone scan did not yield

any significant findings, and the patient’s ESR was 100 mm/h.

Blood cultures remained sterile. A biopsy revealed active os-

teomyelitis; no fungi were seen in stained biopsy material, and

bone culture results remained negative. The patient’s therapy

was switched to oral posaconazole (400 mg b.i.d.; MIC, 1 mg/

L). Over a 3-month period, his backache improved, and the

ESR decreased to 80 mm/h.

The patient had been performing intracavernous penile in-

jection with prefilled syringes provided by the same impotence

clinic. He kept the syringes in his car.

Patient 3. A 71-year-old man was admitted to hospital B

in December 2002 with chest pains. Medical history included

aortic valve replacement with a biological prosthesis and cor-

onary artery bypass grafting, both performed in 1988, as well

as hypertension. Physical examination disclosed systolic aortic

murmur and a tender soft-tissue mass in the first interdigital

space of the right hand. On the third day of hospitalization,

the patient complained of visual disturbances, and he was found

to have a fever. Ophthalmologic examination was nonrevealing.

Blood culture results became positive for P. curvatum 7 days
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Figure 1. Microscopic morphology of strains from an outbreak of Phialemonium curvatum infective endocarditis. Distinctive features of outbreak
strains shown are setose and cupulate sporodochium, showing conidium formation from branched conidiophores (A); conidium produced on typical
tapering adelophialide lacking a basal septum (B); and hyphae with lateral and intercalary phialidic conidiogenous cells, with typical clusters of conidia
aggregating in slimy heads (C). Scale mm.bars p 10

later (day 10 of hospitalization). Transesophageal echocardio-

graphy revealed a large vegetation on the aortic valve, and the

patient underwent valve replacement. Because of renal failure,

the initial antifungal treatment with amphotericin B was

switched to voriconazole (600 mg q.d.). Repeated eye ground

examinations revealed severe bilateral endophthalmitis. The pa-

tient underwent bilateral vitrectomy. Septate hyphal elements

were seen on a direct stain of vitreous fluid. Voriconazole treat-

ment was continued at a daily dose of 400 mg for a total duration

of 3 months. The patient fully recovered but remains blind. Being

aware of the previous cases at hospital A, the physicians inquired

about penile injections. The patient disclosed that he had per-

formed intracavernous penile injections using prefilled syringes

obtained from the same impotence clinic.

Epidemiological Investigation

In the residence of patient 1, a total of 3 used syringes were

found in the medicine cabinet, and 2 closed envelopes con-

taining 5 unused syringes were found in a designated drawer

in the refrigerator. Cultures of samples from all used syringes

and from 4 of the 5 unused syringes yielded P. curvatum. Cul-

tures of environmental samples from the shelves where the

syringes were kept, as well as from the closed envelope within

which the syringes were provided, were negative for the mold.

Patient 3 provided an unused prefilled syringe that he kept at

home. Culture of the syringe fluid yielded the same mold. The

same impotence clinic provided the prefilled syringes to all 3

patients. An additional investigation revealed that the prefilled

syringes were prepared on a working surface in the clinic by

the physicians who treated the patients. This violated the Phar-

macist Ordinance in Israel, which allows only certified phar-

macists in pharmacy premises to prepare and dispense medi-

cations. Each syringe was filled with a mixture that consisted

of separate stock solutions of atropine, prostaglandin E1, phen-

tolamine, and papaverine. The stock solutions were ordered

from a pharmacist. The mixing of the solutions was tailored

to meet unique patient requirements and was done on a work-

ing surface in an examination room in the clinic. Cultures of

environmental samples from this room and the other parts of

the clinic did not yield P. curvatum.

Actions Taken

The Ministry of Health announced a nationwide alert recall of

all medications provided by the impotence clinic. Seven clients

returned prefilled syringes and 5 unused bottles (containing

compounded drugs provided by the clinic so that clients could

prepare syringes themselves). Of these items, samples from 2

syringes and 2 bottles grew P. curvatum on culture. Culture of

samples from another bottle yielded the fungal opportunistic

pathogen Paecilomyces lilacinus, and cultures of samples from

2 different syringes provided by 1 client grew P. curvatum in

one case and P. lilacinus in the other. The rest of the samples

were culture negative. Because this outbreak is currently under

criminal investigation, no additional information is available.

The Ministry of Health instructed the managers of the clinic

to stop preparing and dispensing injections in its offices and

to supply the patients with prescriptions with which medica-

tions could be obtained from a certified pharmacy.

Fungal Identification and Relatedness Testing

The isolates obtained were classified as members of the P. cur-

vatum complex. They were morphologically indistinguishable

from strains involved in a recent dialysis-related outbreak in

Chicago, Illinois [7]. Both sets of strains formed structures

classically associated with P. curvatum, such as cream-colored
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to yellow- or yellow-grey–colored colonies that grow to 25–30

mm in diameter after 14 days on Sabouraud agar at 25�C; short,

basally aseptate phialides (adelophialides) in addition to basally

septate, conventional phialides (figure 1); and ellipsoidal to

gently curved, 1-celled conidia (4–5 –3 mm in size). Inmm � 2

addition, the 2 sets of outbreak strains both differed from pre-

viously described P. curvatum strains because they formed

prominent, cupulate sporodochia (figure 1A) [7] up to 1.5 mm

across and 1.5 mm high, with an exterior consisting of golden-

brown–colored, stiff, setose hairs and an interior consisting of

a densely packed mass of branching phialoconidiophores giving

rise to masses of yellow, mucoid conidia. These strains have

been described in greater detail in connection with the previous

outbreak report [7].

A comparison of ITS sequences (table 1) of outbreak strains

was done, along with comparisons with those of reference P.

curvatum complex strains and those of strains from other out-

breaks and individual cases. Sequence lengths of 466–468 bp

were obtained. The 6 sequenced isolates from the current out-

break shared a unique ITS genotype, consistently distinguished

at either 1 or 2 parsimony-informative positions from all iso-

lates known from other sources (table 1). A parsimony analysis

was done on 96 parsimony-informative characters (data not

shown), most of which involved differences with 3 outgroup

sequences (Phialophora fastigiata [GenBank accession number

AF08319], Phialophora lignicola [AF083193], and Coniochaeta

ligniaria [AY198390]). Only 4 parsimony-informative charac-

ters differed within the P. curvatum isolates studied (table 1).

Not surprisingly, given the small number of base-pair differ-

ences seen in P. curvatum, no strongly supported clades were

generated; thus, a dendrogram is not shown. However, se-

quence type 4, which is known only from the United States

and which was involved in the dialysis-related outbreak of in-

fection mentioned above, was moderately well supported, with

an 83% bootstrap value.

To further test the uniformity of the outbreak isolates, we

also sequenced the actin locus intron and exons for a subset

of the strains examined. We again found that the outbreak

strains were identical, and they were consistently distinguished

from all isolates from other sources (data not shown).

DISCUSSION

That prefilled unused and used syringes were all contaminated

with P. curvatum with a novel genotype, which was otherwise

only known from the associated endocarditis cases, indicates

that the common vector of infection in this outbreak was the

ready-made intrapenile syringes used for self-administration.

To our knowledge, this mode of infection has not yet been

described elsewhere.

Intracavernous injection for the treatment of impotence is

regarded as a safe procedure [8–10]. Infectious complications

have very rarely been reported and have included purulent cav-

ernitis [11] and, in a single patient with diabetes mellitus, staph-

ylococcal bacteremia [12]. Although our patients had repeatedly

injected contaminated medications into their penile corpus cav-

ernosus, they had no signs of local infection. This might be

because intrapenile papaverine administration requires careful

intravascular injection of the drugs, causing local vasodilatation,

thereby carrying the pathogen rapidly into the systemic circu-

lation, causing systemic but not local infection [13].

A distinctive feature of our patients is that, unlike most

patients with fungal endocarditis, all had positive blood culture

results [14, 15]. Phialemonium infections emerge as second only

to Fusarium infections in the ease by which the filamentous

fungus is isolated from blood samples obtained from patients

with primary fungemia or endocarditis [3, 16, 17]. In addition,

recently, members of the genetically diverse [16] P. curvatum

species complex have caused a nosocomial outbreak of infection

among 4 hemodialysis patients in the Chicago area, 3 of whom

had positive blood culture results [7].

Fungal endocarditis is uncommon and is usually associated

with known predisposing factors [14, 15]. Late postoperative

endocarditis, as well as native-valve fungal endocarditis, in non–

injection drug users is usually associated with severe immu-

nocompromised states, which enable hematogeneous seeding

of the fungus from an infected focus [18–20]. There are few

case reports of late postoperative mold endocarditis for which

no risk factor was identified [19, 21–23]. Our patients’ pre-

sentation was puzzling at first, because the endocarditis had

occurred 4 years after cardiac valve operations in patients 1

and 3, and no other risk factor for recent fungemia could

initially be identified for any of the patients. The 3 cases de-

scribed here support the hypothesis that the pathogenesis of

late postoperative mold endocarditis involves direct intravas-

cular seeding of a large inoculum of the pathogen.

The present report documents an unprecedented outbreak of

invasive systemic mycosis caused by P. curvatum with a unique

genotype among Israeli customers of an impotence clinic. The

linkage between the cases and epidemiologically related environ-

mental isolates in this outbreak is documented by the presence

of a distinctive signature sequence in the variable ribosomal ITS

region in all isolates. In addition, all outbreak-related isolates had

in common the distinctive morphological character of sporo-

dochium formation. A limitation of this study is the lack of a

definitive original source of contamination. This may owe, in

part, to the restrictions on data availability imposed by the on-

going criminal investigation, although, ultimately, even the most

dogged diligence in searching for the environmental origins of

common-source outbreaks is only occasionally rewarded [24, 25].

Intracavernous penile injections should be recognized as a risk

factor for life-threatening fungemia. As the medical treatment of

erectile dysfuction becomes more socially acceptable, physicians
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should consider this exposure, which is often not volunteered

by the patient [26], when hunting for a source of cryptic blood-

stream infection. This outbreak also underscores the reality that

pharmaceutical compounds should be prepared by persons with

appropriate medication-compounding training and that com-

pounding guidelines need to be strictly enforced.
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