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Three Cases of Catheter-related Bloodstream Infection Caused
by Phialemonium curvata

Background: With recent developments in the field of microbiology, an
increasing number of yeasts and molds with the potential to cause infec-
tions in humans are identified every year. In addition to the challenges in
identifying clinical isolates, there is limited antifungal susceptibility data
o available for Phialemonium species, leading to uncertainty in optimal treat-
2 ment recommendations.

)6> Methods: In this article, catheter-related bloodstream infections caused by
Q Phialemonium curvata (previously Phialemonium curvatum) in 3 immuno-
g suppressed patients are presented. Furthermore, the literature was reviewed
Sto identify the clinical spectrum and treatment approaches for the reported
% infections.

Z Results: The cases presented here were analyzed along with 24 cases
reported in the literature. Among all cases, 21 (77.7%) patients had an
underlying condition. Nine (33.3%) patients had hematologic/oncologic
malignancies and solid organ transplants. Twenty-two (81.4%) patients had
a history of device or invasive interventions. Surgical procedures, removal
of contaminated devices or tissue were found to reduce the risk of death by
86.7%. Correspondence analysis revealed a significant association between
antifungal treatment and outcome (P < 0.001). The correspondence analy-
sis could explain 53.9% of this relationship. Monotherapy and combination
therapy were associated with survival. While salvage treatment or no anti-
fungal therapy was associated with mortality, intravitreal injection or topical
application of voriconazole was associated with sequelae.

Conclusions: Surgical intervention and removal of contaminated devices or
tissue should be considered at an early stage.
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wing to recent advances in the field of microbiology,
an increasing number of pathogens potentially causing
infections in humans are being identified every year. The genus
Phialemonium was first described by Gams and McGinnis.! The
Phialemonium species have been increasingly reported in humans
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as agents causing opportunistic invasive fungal infections. Phiale-
monium spp. is an anamorphic fungus commonly found in the envi-
ronment such as air, soil, sewage and industrial water. Although
they form pale colonies in vitro, melanin can be demonstrated in
fungal cell walls using the Fontana-Masson stain, hence they are
considered Dematiaceous fungi. Originally described as an inter-
mediate genus between Acremonium and Phialophora genera,
Phialemonium once included 3 species: Phialemonium curvata,
Phialemonium obovatum and Phialemonium dimorphosporum.
However, P dimorphosporum was later considered to be the same
pathogen as P curvata. P curvata and P obovatum can be distin-
guished based on colony color, conidial morphology and molecular
markers.>* P curvata has been reported as the causative agent in
both immunosuppressed and immunocompetent patients. Common
infections associated with P curvata species include fungemia,
endocarditis, endophthalmitis and mycetoma.>*”’

Fatal infections have also been reported in the literature.>®
Since laboratories lack databases of in vitro susceptibility patterns
for P curvata, it is difficult to provide appropriate treatment rec-
ommendations. Therefore, this report aims to contribute to the
literature by presenting 3 cases of catheter-related bloodstream
infections (CRBSIs) caused by P curvata, a rare fungal pathogen,
in immunosuppressed patients. Additionally, a review of the liter-
ature was conducted to obtain current information on the clinical
spectrum and therapeutic approaches for the reported infections.

MATERIALS AND METHODS

A retrospective analysis involving 3 patients diagnosed with
CRBSI caused by P curvata was conducted between November
2019 and March 2023 at Ankara Bilkent Children’s Hospital. In this
report, after presenting each case identified at our center separately,
all cases of P curvata reported in the literature were analyzed col-
lectively.

The diagnosis of CRBSI was considered based on the fol-
lowing: (1) the occurrence of chills accompanied by fever (>38°C)
within 1 hour after catheter manipulation or flushing, (2) isolation
of the same pathogen from both catheter and peripheral blood
cultures, (3) the catheter culture showing growth at least 2 hours
before peripheral blood culture.?®

First-line treatment was classified as monotherapy if a sin-
gle systemic antifungal drug was used alone or consecutively after
another antifungal drug. Combination therapy was defined as the
simultaneous administration of 2 systemic antifungal drugs. Sal-
vage therapy was defined as any treatment administered to patients
who did not respond to or tolerate the initial treatment.

Culture and Antimicrobial Susceptibility

The biopsy specimen was cultured on Sabouraud dextrose agar
(SDA; Oxoid, Hampshire, England) and potato dextrose agar (PDA;
Oxoid, Hampshire, England), and both media were aerobically incubated
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Phialemonium curvata

at 35 and 25°C. Fungal growth became apparent after 12 days of incuba-
tion at 25°C in the PDA medium. The isolate’s growth was less at 35°C
on SDA/PDA than at 25°C on SDA/PDA.*!° Colonies on PDA at 25°C
initially appeared white and moist, later turning olivaceous-brown with
grayish aerial mycelium, exhibiting a velvety texture with a nearly black
reverse (Fig. 1). Microscopic examination of the slide culture with Corn
Meal Tween 80 agar revealed septate hyphae that were initially hyaline
and later turned pale brown. Penicillate branches of phialides produced
oval, curved conidia, while chlamydoconidia were not observed (Fig. 2).
Mold colonies from the PDA cultures of patient samples were subjected
to matrix-assisted laser desorption ionization-time of flight analysis
using Microflex LT/SH Smart MS (Bruker Daltonics-Germany) and the
mold library (MBT Filamentous Fungi Library 3.0) software, resulting
in identification as Phialemoniopsis curvata with scores of 1.79, 1.8,
1.72 and 1.77.

Antifungal Susceptibility Testing

Antifungal susceptibility testing was conducted using the broth
microdilution method in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines.!! The antifungals tested included
amphotericin B (Sigma, St. Louis, MO), micafungin (Astellas,
Spain), voriconazole (Pfizer, Spain), itraconazole and posaconazole

>

FIGURE 1. A: The Phialemonium curvata colonies on
potato dextrose agar, 25°C, 12 days. Surface of colony. B:
Phialemonium curvata colonies on potato dextrose agar,

25°C, 12 days. Reverse of colony.
online
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FIGURE 2. Micromorphologic appearance on the potato
dextrose agar: Adelophialides with straight to allantoid

conidia (x40 magnification).
online

(Merck-Sharp-Dohme, Spain). Stock solutions were prepared using
water (for micafungin) or dimethyl sulfoxide for other antifungals, and
serial 2-fold dilutions were made in RPMI 1640 medium (Sigma) buff-
ered to pH 7.0 with 0.165 M MOPS (morpholinepropanesulfonic acid)
buffer (Sigma). The isolates were grown on PDA for 10 days and incu-
bated at 25°C to promote sporulation. The minimum inhibitory con-
centrations (MICs) of amphotericin B and the 3 triazoles (defined as
the lowest drug concentrations that produced complete growth inhibi-
tion (100%) and the minimum effective concentrations of micafungin
at 48 hours for the isolate were determined at the PHIT-UMRL using
the CLSI broth microdilution method. Final inoculum concentrations
ranged from 1x10*to 5x10* CFU/mL (M38-3rd ed). Reference qual-
ity control strains of Aspergillus flavus ATCC 204304 and Aspergil-
lus terreus ATCC MYA-3633 were used.'? Categorical endpoints and
epidemiologic cutoff values have not been established for Phialemoni-
opsis curvata.” In vitro antifungal susceptibility testing performed at
PHIT-NMRL using the CLSI broth microdilution method showed low
MICs for micafungin (0.06-0.25 pg/mL), posaconazole (0.25-1 pg/
mL) and voriconazole (0.25-0.5 pg/mL). The isolates exhibited low
MIC values for all 3 antifungal agents.

MEDLINE (National Library of Medicine, Bethesda, Mar-
yland) and Google Scholar were searched for reports of cases of
Phialemonium infection published in international medical litera-
ture through August 2023. The terms used for the search included
Phialemonium and P, curvata. Clinical cases were selected. A data-
base was created with the following variables: First author, year
of publication, age, sex, underlying disease, risk factors (device or
invasive intervention), presence/absence of immunosuppression,
medical therapy, surgical treatment and outcome.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Sta-
tistics software, version 25.0 (IBM Corp., Armonk, NY). The
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Euclidean distance measure and symmetrical normalization were
employed for analysis. Likelihood ratio test was used for analyzing
categorical data. Results were presented as frequencies and per-
centages. Binary logistic regression was employed to estimate the
risk of mortality. The relationship between antifungal therapy and
outcomes was assessed using correspondence analysis (CA). A P <
0.05 was considered statistically significant.

RESULTS

Our 3 cases are presented below.

Case #1

A 17-year-old female patient diagnosed with alveolar rhab-
domyosarcoma in September 2022 was receiving chemotherapy at
our pediatric oncology unit at certain intervals. After completing
the eleventh cycle of chemotherapy, the patient presented with
complaints of fever during home follow-up. She was diagnosed
with febrile neutropenia based on fever (38°C), anal mucositis,
and an absolute neutrophil count of 30 cells/mm?. The patient was
admitted to the oncology service where treatment with teicoplanin
and piperacillin-tazobactam was initiated. Upon receiving reports
of yeast signals in both central and peripheral blood cultures, flu-
< conazole (12 mg/kg/d) was added to the treatment regimen. The use
5 of the port catheter was discontinued. Echocardiography, abdom-
Z inal ultrasound and ocular examinations were all normal. Gram
2 staining revealed both hyphal and yeast-like forms. Slow-growing
mold-like colonies with white and occasionally brown areas were
detected on SDA culture. Microscopic examination with lactophe-
nol cotton blue revealed hyphal structures and conidia resembling
Acremonium spp., but identification could not be made. Clinical
specimens were sent to the National Mycology Reference Labora-
tories for analysis. Antifungal therapy was switched to caspofungin
(70mg/m?/d on Day 1, 50mg/m?%d thereafter). The port catheter
was removed. On the sixth day of caspofungin treatment, due to
the presence of growth in the follow-up blood culture and the need
for ongoing chemotherapy, voriconazole (6 mg/kg twice daily, later
changed to 4mg/kg twice daily) was added to the treatment regi-
men. The culture result was reported as P curvata. The MICs for
posaconazole, voriconazole, itraconazole, micafungin and ampho-
tericin B were 1, 0.5, 8, 0.06 and 8 ng/mL, respectively. The patient
received a total of 6 weeks of treatment, including 3 weeks of com-
bined antifungal therapy and 3 weeks of oral voriconazole.

119POVO 1929 Aq [pid/wod mm| sjeusnoly/:diny woly papeojumoq

Case #2

A 3-year-old male patient diagnosed with ependymoma
developed fever (38.5°C), chills and tachycardia during his sec-
ond cycle of chemotherapy administered through a central venous
catheter. Catheter use was discontinued due to suspected CRBSI.
Central and peripheral blood cultures were obtained, and the patient
was started on cefoperazone/sulbactam treatment. After 48 hours,
as the fever persisted, teicoplanin was added to the treatment reg-
imen. Yeast signals were reported for both the port catheter and
peripheral blood cultures, and fluconazole (12 mg/kg/d) was added
to the treatment regimen. Echocardiography, abdominal ultrasound
and eye examinations were unremarkable. Since the microbio-
logic phenomenon observed in Case #1 was also identified in this
patient, the isolates were sent to the National Mycology Refer-
ence Laboratories for analysis. Antifungal therapy was switched to
voriconazole (6 mg/kg twice daily, later changed to 4 mg/kg twice
daily). The port catheter was removed. The MICs for posaconazole,
voriconazole, itraconazole, micafungin and amphotericin B were
1, 0.5, 8, 0.06 and 8 pg/mL, respectively. Due to the absence of
growth in repeated cultures, the patient received a total of 6 weeks
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of antifungal treatment, including 2 weeks of intravenous voricona-
zole and 4 weeks of oral voriconazole.

As part of the hospital infection prevention and control man-
agement, a series of measures were immediately taken considering
the 2 cases occurring 8 days apart in the same block, both involv-
ing CRBSI. Briefly, these measures included providing education
on hand hygiene, use of gloves, isolation measures, cleaning and
disinfection practices and catheter usage to all staff working in the
block. Family members of the patients were advised against bring-
ing outside food, emphasizing the importance of not drying laun-
dry inside the room. Samples were obtained from ventilation filters.
Aspergillus spp. growth was detected in 3 samples, leading to the
implementation of comprehensive preventive measures.

Case #3

A 15-year-old female patient diagnosed with Hodgkin’s
lymphoma developed febrile neutropenia following chemother-
apy. Liposomal amphotericin B was added to her ongoing teico-
planin and cefoperazone/sulbactam therapies upon receiving
reports of yeast signals in the central catheter culture at 12 hours
and peripheral blood culture at 14 hours. We were informed that
the colonies, where species differentiation could not be clearly
made, might be P curvatum. Abdominal ultrasound, echocar-
diography and eye examinations showed normal results. The
patient’s port catheter was removed. She was also being treated
with enoxaparin sodium. Discontinuation of enoxaparin sodium
was considered for the patient by the hematology department
and imaging was requested. Pulmonary artery computed tomog-
raphy angiography performed at that time revealed newly devel-
oped, branching, nodular lesions with irregular borders at the
superior and posterobasal segments of the lower lobe of the
right lung, superior segment as well as laterobasal and pos-
terobasal segments of the lower lobe of the left lung, involving
distal vascular structures. Galactomannan antigen was negative.
Bronchoalveolar lavage fluid tested negative for Mycobacte-
rium tuberculosis (TBC) acid-fast bacillus, cytomegalovirus
and galactomannan. TBC plasma polymerase chain reaction was
negative. Fungal and bacterial cultures of bronchoalveolar lav-
age fluid, and the syndromic respiratory panel were all negative.
Due to the patient’s immunosuppressed status and detection of
lesions on lung tomography suggestive of fungal infections, she
was considered to have a possible invasive fungal infection and
treated with liposomal amphotericin B for a total duration of
6 weeks. Antifungal susceptibility testing revealed the follow-
ing MICs: 2 pg/mL for liposomal amphotericin B, 0.125 pg/mL
for itraconazole, 0.25 pg/mL for posaconazole, 0.25 pg/mL for
voriconazole. Since the patient was scheduled to undergo bone
marrow transplantation, prophylactic treatment with voricona-
zole was initiated. Follow-up lung tomography showed the reso-
lution of the nodular lesions.

Literature search revealed a total of 24 reported cases,
including 14 case reports and 4 case series. All reported cases
involved adults. The clinical characteristics of all cases from the lit-
erature as well as our cases are summarized in Table 1. Twenty-one
(77.7%) patients had an underlying medical condition (alcoholism
was excluded). Nine (33.3%) patients had hematologic/oncologic
malignancies and solid organ transplants. Twenty-two (81.4%)
patients had a history of device use or invasive intervention. Sur-
gical intervention and removal of contaminated devices or tissue
were found to reduce the risk of death by 86.7% (Tables 2 and 3).

CA showed a significant relationship between antifungal
treatment and outcome (P < 0.001). The CA analysis could explain
only 53.9% of this relationship. While antifungal monotherapy
and combination therapy were associated with survival, salvage
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TABLE 2. Relationship of Variables With Survival

Cure Death
Variables n=19% n=6% P value*
Sex (%)
Female 8 (42.1%) 2 (33.3%) 0.702
Male 11 (57.9%)  4(66.7%)
Presence of immunosuppression
No 13 (68.4%) 3 (50%) 0.419
Yes 6 (31.6%) 3 (50%)
Immunosuppressive therapy
No 11 (64.7%) 3 (60%) 0.848
Yes 6 (35.3%) 2 (40%)
Presence of coinfection
No 16 (88.9%) 4 (80%) 0.617
Yes 2 (11.1%) 1 (20%)
Surgery
No 4(21.1%) 4 (66.7%) 0.042
Yes 15 (78.9%)  2(33.3%)
Presence of underlying disease
No 6 (31.6%) 0 (0.0%) 0.050
Yes 13 (68.4%) 6 (100%)
Risk factors (device or invasive intervention)
No 5 (26.3%) 0 (0.0%) 0.103
Yes 14 (73.7%) 5 (100%)

Patients with missing data were excluded from the statistical analyses.
*Likelihood ratio was used.

'ABLE 3. Binary Logistic Regression Analysis Results
2 of Variables

% Variables OR Univariate 95% CI P value
N

5' Sex 1455 0.212-9.984 0.703
é Presence of immunosuppression  2.167  0.334-14.057 0.418
T Immunosuppressive therapy 1.222  0.158-9.467 0.848
_% Presence of coinfection 2 0.143-27.99 0.617
T Surgery 0.133  0.018-1.009 0.042
2

3

8 CI indicates confidence interval; OR, odds ratio.

8 Patients with missing data were excluded from the statistical analyses.

[e=]

Bold values indicate statistically significant.

treatment or no antifungal treatment was associated with mortal-
ity. Intravitreal injection or topical application of voriconazole was
associated with sequelae (Fig. 3).

DISCUSSION

P, curvata is gaining recognition as an invasive fungal path-
ogen due to increased awareness of its pathogenic potential as well
as technologic advances in microbiology. Although P curvata spp.
rarely cause disease in humans, cases resulting in sequelae or mor-
tality have been reported.>®'*!517 Phialemonium infections may
involve multiple systems, and most commonly include endocardi-
tis, endophthalmitis and fungemia.>*!417:19

Many of our patients were immunocompromised or had
underlying diseases. History of intravascular device use or inva-
sive procedures emerged as a significant risk factor (22/27, 81.5%).
Among the 5 patients with no history of invasive procedures, 3 had
a history of immunosuppressive treatment, while no risk factors
were identified in the other 2 patients.>'$20212¢ P cyryata infections
involving the eye are associated with serious complications such as
blindness, eye enucleation and evisceration. Therapeutic success in
ocular fungal infections depends primarily on (1) early diagnosis
of the fungal infection, (2) accurate identification of the etiologic
agent and (3) timely initiation of antifungal treatment.*!"?22¢ In our

© 2023 Wolters Kluwer Health, Inc. All rights reserved.

study, invasive procedures such as valve replacement, vitrectomy,
graft resection, debridement and catheter removal were found to
reduce the risk of mortality by 86.7%. According to the CA results,
intravitreal injection or topical application of voriconazole was
associated with sequelae. Particularly in patients with endophthal-
mitis, early vitrectomy and initiation of appropriate systemic and
intravitreal antifungal therapy seem necessary.

The Phialemonium species are isolated from various envi-
ronments such as air, soil, industrial water and sewage. P curvata
infections were reported in the form of isolated case reports or
case clusters. In a study by Strahilevitz et al.,'* an epidemiologic
surveillance study was initiated in Israel in March 2002 after a
patient died as a result of endocarditis caused by P, curvata. Sub-
sequently, 2 additional cases were identified, and the common
feature among the 3 patients was the use of syringes for intracav-
ernous penile injections obtained from the same impotence clinic.
Cultures of used and unused syringes collected from the patients’
homes and clinic, as well as environmental cultures, were ana-
lyzed. Both prefilled, unused syringes and used syringes were
found to be contaminated with P curvata. In a study by Proia et
al.,* endovascular P curvata infections were identified in 4 clus-
ters of patients undergoing chronic hemodialysis. No epidemio-
logic surveillance study was undertaken. Rao et al."” conducted
an epidemiologic surveillance study after the detection of P cur-
vata in the blood culture of a patient undergoing hemodialysis at
the Hines VA Hospital, a hemodialysis center in Illinois, in 2005.
Blood, water, surface, and dialysate samples were cultured. Two
patients with P curvata-associated bloodstream infections were
identified. Both patients were found to use of the same device
attached to a contaminated faucet for dialysis sessions on different
occasions. Since P. curvata was isolated from both patient blood
and dialysis product water, it was concluded that the likely source
of mold was biofilms in the dialysis product water distribution
system. At our clinic, infection prevention and control measures
were implemented and samples were collected from ventilation
filters upon detection of P curvata-associated CRBSI in 2 of our
cases 8 days apart. However, no environmental cultures or sam-
ples were obtained from used port flushing syringes, which is a
limitation of our study. In centers where P curvata infections are
identified, an epidemiologic surveillance study can help identify
both the source and new cases.

It was observed that voriconazole and posaconazole exhibit
low MIC values against Phialemonium organisms. In Proia et al.’s*
study, 2 patients treated with high-dose amphotericin B deoxy-
cholate plus caspofungin or amphotericin B deoxycholate plus
intravenous fluconazole died, while the other 2 patients were suc-
cessfully treated with different regimens. One patient was treated
with amphotericin B deoxycholate followed by oral voriconazole,
and the other patient received combination therapy with ampho-
tericin B deoxycholate and voriconazole followed by oral voricona-
zole. In a case report by Heins-Vacari et al.,” painful, purplish
nodular lesions were detected on the right ankle of a patient 2
months after bone marrow transplantation. P curvata was identi-
fied in a culture from spontaneous drainage. Successful treatment
was achieved with surgical debridement followed by ampho-
tericin B and ketoconazole. In Case #1, the patient was success-
fully treated with caspofungin plus voriconazole, in Case #2 with
voriconazole, and in Case# 3 with liposomal amphotericin B. In
addition to the challenges in identifying clinical isolates, there is
limited antifungal susceptibility data available for Phialemonium
species, which contributes to the uncertainty in optimal treatment
recommendations. With increased reporting of cases of P curvata,
treatment guidelines providing solid recommendations for optimal
treatment duration and appropriate antifungal therapy are likely to
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emerge. Among fatal cases, endovascular infections are the most
reported. In addition to antifungal therapy, early surgical interven-
tion and removal of contaminated devices or tissue affect prognosis.
Absence of neutropenia or other immunosuppressive conditions,
and removal of the catheter or infected tissue may be important
host factors for survival.

P curvata can grow in routine blood culture bottles. The
organism is often confused with yeast on Gram staining. Yeast-like
forms are free conidia or spores of Phialemonium species. Similar
phenomena have been observed in cases caused by Fusarium and
Acremonium molds.”” In such cases, P curvata infections should
also be considered as a possible causative agent.

In conclusion, Phialemonium species are increasingly recog-
nized as invasive fungal pathogens among immunocompromised indi-
viduals and patients with underlying diseases. Early consideration of
surgical intervention and removal of contaminated devices or tissues
is essential. P curvata infections can be acquired from both health-
care settings and the community, and may occur in clusters or sporadi-
cally. Due to the absence of databases of in vitro susceptibility patterns
for P curvata, it is difficult to establish appropriate treatment meth-
odologies for fungal infections. Therefore, efforts should be directed
toward gathering clinical and laboratory data that enhance the current
understanding of treating these mycoses. Conducting epidemiologic
surveillance studies can assist in the identification of additional cases,
providing insights into the true prevalence and pathogenicity of P cur-
vata and associated mortality rates.
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