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We describe a 22-year-old soldier with 19% total body surface area burns, polytrauma, and sequence- and culture-confirmed
Pythium aphanidermatum wound infection. Antemortem histopathology suggested disseminated Pythium infection, including
brain involvement; however, postmortem PCR revealed Cunninghamella elegans, Lichtheimia corymbifera, and Saksenaea
vasiformis coinfection. The utility of molecular diagnostics in invasive fungal infections is discussed.

CASE REPORT

In August 2013, a 22-year-old U.S. soldier was injured by an
improvised explosive device (IED) while on foot patrol in

Bamyan Province, central Afghanistan, which propelled him
into a nearby stream. He sustained 19% total body surface area
(TBSA) partial- and full-thickness burns, including superficial
burns to the penis and multiple skin and soft tissue injuries.
These injuries extended from the distal right medial thigh to
the right midcalf and from the left gluteus to the left thigh,
involving portions of the scrotum. Open fractures of the right
tibia/fibula and left proximal femur were noted in addition to
comminuted, minimally displaced fractures of the left pelvic
girdle complicated by intra- and retroperitoneal hematomas.
Soft tissue wounds from IED fragments without bony injury
were observed in the left posterior upper arm. He was evacu-
ated to Craig Joint Theater Hospital (CJTH) in Bagram in
north-central Afghanistan.

Upon arrival at CJTH, he received a massive transfusion of
packed red blood cells (PRBC; 18 units within the first 24 h from
injury), fresh frozen plasma (20 units), platelets (3 units apheresis
platelets), and cryoprecipitate (20 units) and underwent irrigation
and debridement of all soft tissue wounds with external fixation of
the right tibia/fibula and left femoral fractures. The minimally
displaced fractures of the left pelvic girdle were treated nonopera-
tively. The patient was medically evacuated to Landstuhl Regional
Medical Center (LRMC) in Germany. Despite serial irrigation and
debridement of each of these injuries (except the pelvic girdle
injuries) over the next 48 h, progressive wound infection in the
proximal open left femur fracture necessitated a left hip disartic-
ulation on day 4 after injury (PDOI 4). Intraoperative cultures of
the left lower extremity (the site was not further specified) re-
vealed 2 isolates of multidrug-resistant (MDR) Escherichia coli. A
prior fungal culture from the left lower extremity (PDOI 2) grew
three separate molds (Aspergillus species, Geotrichum species, and
Alternaria species) and an unspecified yeast, whereas a fungal cul-
ture from this site on PDOI 4 became overgrown with bacteria and
could not be further evaluated. No additional operative cultures
were obtained at LRMC. To minimize fecal contamination of the
left hip wound, an open laparotomy was performed, with place-

ment of a diverting colostomy and evacuation of a retroperitoneal
hematoma.

On PDOI 12, the patient was transferred to the Burn Intensive
Care Unit at San Antonio Military Medical Center (SAMMC) for
continued treatment. He arrived intubated with the following vi-
tal signs: temperature of 100.2°F, blood pressure of 129/64 mm
Hg, and heart rate of 130 bpm. The patient had been receiving
meropenem for a MDR E. coli bacteremia prior to his arrival at
SAMMC. On initial intraoperative evaluation at SAMMC (PDOI
13), necrotic muscle, dirt, and IED fragments were observed
within the left posterior upper arm and the deep fascial planes of
the proximal right thigh and right calf. Concurrent evaluation of
the site of the prior left hip disarticulation revealed a viable skin
and muscle flap without necrotic material, dirt, or fragments. The
finding of nonviable scrotal tissue required resection of the ante-
rior scrotum and placement of 5% sulfamylon–amphotericin B (2
�g/ml; SMAT) dressings. The left posterior upper arm and right
thigh/calf wounds were also covered with SMAT. Intravenous li-
posomal amphotericin B (5 mg/kg of body weight daily) and vori-
conazole (4 mg/kg every 12 h) were initiated due to the presence of
plant material and necrotic tissue within wounds and a concern of
invasive mold infection.

On PDOI 17, the patient had an acute clinical decompensation
and physical examination findings which were concerning for an
intra-abdominal catastrophe. Emergent exploratory laparotomy
revealed a jejunal perforation with an adjacent area of ischemic
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bowel. Due to leakage of enteric contents into the abdomen, re-
section of the affected bowel and temporary intestinal discontinu-
ity was required. This was the first intra-abdominal procedure
performed since the diverting colostomy placement at LRMC, and
the colostomy appeared viable on inspection. Surgical re-explora-
tion of the abdomen on PDOI 18 revealed additional punctate,
serosal lesions on the ileum and jejunum that were excised. Fungal
histopathology was unrevealing, but growth was noted on fungal
culture of the excised small bowel tissue (Table 1). No additional
lesions were noted on re-evaluation at PDOI 19 and PDOI 21;
intestinal reanastomosis was performed, and a negative-pressure
wound dressing was placed over the open abdomen.

On PDOI 18, the left upper extremity/right lower extremity
and left pelvic wounds were also evaluated intraoperatively. De-
spite initial improvement in the appearance on gross exam, fol-
low-up evaluation revealed visible fungal growth and necrotic tis-
sue of the right calf, requiring a right above-knee amputation
three centimeters proximal to the knee joint. Bone fragments of
the left pelvic rim appeared devascularized, and the surrounding
skeletal muscle appeared dead. Thus, a left hemipelvectomy was
performed, leading to exposure of the distal rectum.

With each surgical intervention, tissue was sent for bacterial
and fungal cultures and histopathology. Bacterial cultures grew
MDR extended-spectrum-beta-lactamase (ESBL)-producing E.
coli, MDR ESBL-producing Klebsiella pneumoniae, Stenotroph-
omonas maltophilia, MDR Morganella morganii, Enterococcus fae-
cium (ampicillin resistant, vancomycin susceptible), and Bacte-
roides species. Histopathology of tissue obtained from the left
posterior upper arm, right hip/thigh/calf, and pelvic region (in-
cluding the left gluteal, left acetabular, and sacral regions) revealed
nonseptate hyphae suggestive of mucormycosis. Several speci-
mens revealed evidence of deep fungal infection with vascular
invasion (Table 1).

Due to difficulty with isolation and identification by con-
ventional methods, a culture specimen obtained from the left
triceps on PDOI 14 was sent to the Fungus Testing Laboratory
at the University of Texas Health Science Center at San Anto-
nio (UTHSCA FTL) for identification by morphology and
DNA sequence analysis and for antifungal susceptibility testing
(Table 1). The isolate was added to the culture collection with
accession number UTHSCSA DI14-349 and was studied phe-
notypically using a combination of media, including potato
flakes agar (PFA), irradiated carnation leaf agar (CLA) (1), and
cornmeal/irradiated carnation leaf agar (CMACLA), all pre-
pared in-house on 60-mm plates; no blood agar was used.
Plates were overlaid with several drops of sterile water and
incubated at 25°C. Colonies demonstrated rapid, white woolly
growth after 48 h on all media (Fig. 1A). The CLA plate was
most informative for production of characteristic microscopic
features examined after 5 days of incubation in lactophenol
cotton blue preparations. Figure 1B shows toruloid sporangia;
Fig. 1C shows an oogonium (white arrow) containing oospores
(black arrow), attached to the antheridium (gray arrow) (2).
Temperature studies on PFA indicated growth at 37°C and
40°C and no growth at 45°C or 50°C.

For sequence analysis, template DNA was prepared from cul-
tures as previously described (3). Isolates were subcultured onto
PFA (Difco, Detroit, MI) and grown for 24 h at 30°C. A section of
hyphae and agar was removed with a disposable 10-�l loop and
gently rolled onto a separate area of the agar plate to remove re-

sidual agar. Hyphal material was then added to 200 �l Prepman
Ultra reagent (Life Technologies, Grand Island, NY) in a 2.0-ml
screw-cap microcentrifuge tube (Biospec, Inc., Bartlesville, OK,
USA) that also contained 100 �l (vol/vol) 0.5-mm glass beads
(Biospec, Inc.) and heated to 99°C for 15 min. The suspension was
agitated for 30 s in a mini-bead beater (Biospec, Inc.) set at the
highest speed, cooled in an ice bath for 2 min, and heated again at
99°C for 10 min. The suspension was pelleted at 13,200 � g for 1
min in a microcentrifuge (Eppendorf, Inc., Westbury, NY, USA)
and immediately used to set up PCRs. Internal transcribed spacer
(ITS) and D1/D2 sequences were obtained as described using the
primers ITS1 (5=-TCCGTAGGTGAACCTGCGG-3=) and NL4
(5=-GGTCCGTGTTTCAAGACGG-3=) to amplify the ITS-D1/D2
region, followed by sequencing with these primers and ITS4 (5=-
TCCTCCGCTTATTGATATGC-3=) and NL1 (5=-GCATATCAA
TAAGCGGAGGAAAAG-3=) (3). The ITS sequence showed 100%
identity to Pythium aphanidermatum accession number AJ628984
(791/791 bp matched), Pythium aphanidermatum accession num-
ber AY151180 (783/783 bp matched), and Pythium aphaniderma-
tum accession number KF840479 (781/781 bp matched) in a
BLAST search of GenBank (http://blast.ncbi.nlm.nih.gov/Blast
.cgi). The three top GenBank hits for the D1/D2 search showed
100% (accession number AB544448; 701/701 bp matched),
99.86% (accession number JF412452; 705/706 bp matched), and
99.73% (accession number AY598622; 705/706 bp matched)
identities to the same species. The next closest species, Pythium
deliense, showed 97.5% identity. These phenotypic features com-
bined with the ITS and D1/D2 sequence data confirmed the iden-
tification of the isolate as Pythium aphanidermatum on PDOI 30.
With the pathogen identified, prospective and retrospective fun-
gal culture results were again reviewed by the SAMMC Mycology
lab and identified as P. aphanidermatum based on morphological
similarity with this isolate.

Given this finding, minocycline was added (due to reports of in
vitro susceptibility of Pythium species) (4), and liposomal ampho-
tericin B, voriconazole, and trimethoprim-sulfamethoxazole (20
mg/kg trimethoprim daily, divided every 8 h for S. maltophilia and
MDR Chryseobacterium indologenes ventilator-associated pneu-
monia) were continued. Susceptibility testing of the P. aphanider-
matum isolate was performed by broth macrodilution testing fol-
lowing the method described in the Clinical and Laboratory
Standards Institute M38-A2 standard (5). Briefly, a stock inocu-
lum suspension was prepared using a spectrophotometer and di-
luted 1:100 to obtain the test inoculum of 0.4 � 104 to 5 � 104

CFU/ml. Then the test inoculum was added to tubes containing
serial 2-fold dilutions of amphotericin B (final concentration
range, 0.03 to 16 �g/ml), the echinocandins anidulafungin, caspo-
fungin, and micafungin (final concentration range, 0.015 to 8 �g/
ml), and the azoles fluconazole (final concentration range, 0.125
to 64 �g/ml), itraconazole, posaconazole, and voriconazole (final
concentration range, 0.03 to 16 �g/ml). The assay was conducted
in RPMI 1640 medium (with L-glutamine and without bicarbon-
ate) buffered with 0.165 M morpholinepropanesulfonic acid
(MOPS). The tubes were incubated at 35°C for 48 h, and the MIC
was measured as the lowest concentration that resulted in �100%
inhibition of growth compared to the drug-free control for
amphotericin B and the azoles. For the echinocandins, the mini-
mum effective concentration (MEC) was measured as the lowest
concentration that resulted in abnormally branched, stubby hy-
phae. These methods are consistent with those reported in the
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literature to evaluate the activity of antifungal agents against Py-
thium species (6–8).

The following MICs were reported: amphotericin B, �16 �g/
ml; anidulafungin, �8 �g/ml; caspofungin, �8 �g/ml; micafun-
gin, �8 �g/ml; fluconazole, �64 �g/ml; itraconazole, �16 �g/ml;
posaconazole, �16 �g/ml; voriconazole, �16 �g/ml. Although
no clinical breakpoints have been established for antifungals
against Pythium species, these MICs indicate a lack of activity for
these agents at clinically relevant concentrations. As terbinafine
has shown in vitro synergistic activity with azoles and echinocan-
dins, microdilution checkerboard testing was performed with
several combinations (9). Susceptibility testing demonstrated no
activity for terbinafine alone, and no synergistic activity was ob-
served when this agent was combined with posaconazole, itra-
conazole, caspofungin, or micafungin at the maximum concen-
trations tested (2 �g/ml for terbinafine and 4 �g/ml for the other
agents). Minocycline susceptibility testing was not performed.

Gross fungal contamination in the right above-knee amputa-
tion stump led to resection of an additional four centimeters of
femur on PDOI 23 followed by a right hip disarticulation on PDOI
32. Serial evaluations of the left posterior upper arm did not show
evidence of gross fungal growth, and this wound was treated con-
servatively with serial irrigation, debridement and placement of
antimicrobial beads containing amphotericin B, voriconazole,
and tobramycin.

Further complicating management of the polymicrobial wound
infections, the patient sustained recurrent bacteremia, ventilator-as-
sociated pneumonias, and line-associated infections with MDR
pathogens, requiring frequent courses of broad-spectrum antibiotics.
Due to these repeated infections (including wound infections threat-
ening peritoneal extension due to rectal and sacral tissue exposure),
multiple system organ failure requiring frequent blood transfusions,
coagulopathy, dialysis, and prolonged ventilator assistance, the pa-
tient was transitioned to comfort care and died on PDOI 40.

On autopsy, cause of death was determined to be sepsis and
multiple system organ failure with invasive fungal infection (IFI)
from blast injuries. Additional autopsy findings included residual

soft tissue defects of the left gluteal and left upper arm regions,
evidence of renal insufficiency, splenic infarction, diffuse alveolar
damage with histopathologic evidence of cytomegalovirus (CMV)
pneumonia of the right lung, and hepatomegaly with confluent
hepatic necrosis. Figure 2 shows tissue from the brain (Fig. 2A)
and from the right testis (Fig. 2B). Postmortem histopathology
specimens (in formalin-fixed, paraffin-embedded [FFPE] blocks)
showing fungal elements in left arm muscle and brain tissue were
sent for pathogen extraction and molecular identification. In ad-
dition, three culture samples (two morphologically identified as P.
aphanidermatum: the left acetabular tissue on PDOI 17 and the
right leg tissue on PDOI 18) were also sent for molecular identifi-
cation. The previously PCR-confirmed P. aphanidermatum spec-
imen from cultures of tissue samples from the left arm (PDOI 14)
was sent for comparison via morphology and sequencing with
new postmortem samples.

With PCR sequencing, the specimens from the FFPE autopsy
specimens of the left posterior arm and brain were identified as
Cunninghamella elegans and Lichtheimia corymbifera (formerly
Absidia corymbifera), respectively. The cultures from the left ace-
tabular tissue and right leg (PDOI 17 and 18), which were initially
identified via morphological similarity as P. aphanidermatum,
were identified by sequencing as Saksenaea vasiformis and Cun-
ninghamella elegans. No additional P. aphanidermatum was iso-
lated at autopsy.

Historically, combat-related injuries have most often been
complicated by bacterial wound and pulmonary infections. Dur-
ing the recent combat operations in Afghanistan, IFIs have
emerged as a significant cause of morbidity and mortality among
U.S. military personnel (10–12). Blast injuries from IEDs have the
potential for severe disruption of skin and bone and contamina-
tion of wounds with organic material such as soil and plant matter
(13). Risk factors associated with IFIs include dismounted injuries
while on foot patrol and large-volume blood transfusions (11, 14).

FIG 1 (A) Pythium aphanidermatum UTHSC DI 14-349 colony on cornmeal/irradiated carnation leaf agar at 48 h in ambient air at 25°C; (B) toruloid
sporangium; (C) oogonium (white arrow), oospores (black arrow), and antheridium (gray arrow).
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Notably, large-volume PRBC transfusion (�20 units) may repre-
sent a marker for severe disease rather than an independent risk
factor (14).

Early identification, aggressive surgical debridement, and sys-
temic antifungals are key measures in the management of these
infections. Current diagnosis often depends on histopathologic
appearance and culture, which can lead to delays in accurate di-
agnosis due to low sensitivity and specificity of these methods
(15–20). Increasingly, PCR-based methods have been evaluated

for use in IFI identification, with improved sensitivity and speci-
ficity relative to standard culture techniques (21). Advantages of
PCR-based methods include their utility on small amounts of tis-
sue and paraffin-embedded tissue, which would preclude diagno-
sis by fungal culture.

As described for the case patient, PCR testing has also enabled
the identification of unusual pathogens such as P. aphaniderma-
tum. Diagnosis of Pythium infection via conventional histopathol-
ogy and culture is difficult because the appearance of broad,

FIG 2 (A) Tissue taken from the cortex of the right occipital lobe reveals brain parenchyma with patchy infiltration by broad, aseptate fungal hyphae (arrows)
and robust acute encephalitis, as noted by the large number of neutrophils (arrowhead). No other foci of necrosis or inflammation were noted in the brain. (B)
Hematoxylin-and-eosin-stained right testis and soft tissue (PDOI 42/autopsy) with acute and chronic inflammation with hemorrhage. Broad, aseptate hyphae
are seen interspersed with the inflammatory cells.
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aseptate hyphae can resemble members of the Mucorales on his-
topathology. Furthermore, Pythium species demonstrate poor
growth on standard culture media, making definitive identifica-
tion difficult (22). Despite similarities in morphology with the
Mucorales, Pythium species are genetically and physiologically dis-
tinct organisms (23–25) of the oomycetes (class Oomycota; para-
fungal organisms closely related to green algae) and may require
alternative treatment strategies.

Prior to 2011, the only reported human pathogen in this genus
was Pythium insidiosum. This organism, primarily reported in
Thailand, has been shown to cause invasive cutaneous, ocular,
vascular, and disseminated infections and is often associated with
aquatic exposure in tropical and subtropical environments (26–
29). The case patient was found in a stream near the blast site,
which might have contributed to acquisition. In 2011, the first
reported case of P. aphanidermatum infection occurred in a sol-
dier who sustained a lower-extremity wound from an IED explo-
sion in Afghanistan. That patient received aggressive debride-
ment, leading to bilateral lower extremity disarticulation, and
systemic antifungals but died 16 weeks postinjury from multiple
system organ failure (related to a complex hospital course includ-
ing recurrent bacteremias, ventilator-associated pneumonias, and
multiple surgeries for gastric necrosis and perforation). No resid-
ual Pythium infection was noted on autopsy (30).

Several similarities are noted between these two patients with
P. aphanidermatum infections: both were injured during foot pa-
trol in Afghanistan (although the exact geographic location of the
first case was not reported), both required large-volume blood
transfusions and extensive surgical interventions, and both had
evidence of multiple environmental fungal isolates on wound cul-
tures. In both cases, susceptibility testing for P. aphanidermatum
revealed panresistance to available agents. This is not unexpected
for these pseudofungi, as the cell wall is composed of cellulose and
polymerized beta-1,3-glucan but lacks ergosterol, the target of
most available antifungal agents (29–31). Several antibacterial
agents and the squalene oxidase inhibitor terbinafine have been
shown to have some in vitro synergistic activity, but these have
been published only for P. insidiosum. In these studies, a wide
range of synergistic effects was noted among the 17 isolates tested,
suggesting that different strains may have different susceptibilities
(4, 9). In an in vivo rabbit model of P. insidiosum infection, a
combination of terbinafine, itraconazole, and fluvastatin was as-
sociated with the smallest amount of hyphae relative to other
combinations (8). In this patient, resistance to terbinafine was
identified in vitro, alone and in combination with posaconazole,
itraconazole, caspofungin, and micafungin.

Given the limitations of medical therapy for Pythium infec-
tions, aggressive surgical debridement (often requiring amputa-
tion) is the mainstay of therapy (27, 32). PCR testing in this pa-
tient, although limited to a small sample of available cultures,
revealed P. aphanidermatum only in the left triceps from one cul-
ture. A second tissue FFPE sample from the same area on autopsy
was PCR positive for Cunninghamella elegans, suggesting that re-
peated debridements might have cleared the P. aphanidermatum
infection.

The presence of several ubiquitous environmental molds (S.
vasiformis, C. elegans, and L. corymbifera) identified from wound
cultures is not unexpected, as polymicrobial wound contamina-
tion in combat-related injuries has been well described (11, 33).
However, the presence of a fungal organism (L. corymbifera) in

FFPE brain tissue on autopsy is unusual in combat-related inju-
ries. In an autopsy study of causes of mortality in combat casual-
ties in a burn unit, there was no evidence of fungal central nervous
system (CNS) involvement in the 45 patients who died from in-
fection (34). In addition, in a review of trauma-associated IFIs,
none of the 31 patients was reported to have CNS involvement
(11). Similarly, the recent Apophysomyces trapeziformis (a member
of the Mucorales) outbreak associated with the Joplin, MO, tor-
nado found no cases of disseminated infection in 13 patients;
however, no autopsies were performed on the five who died (35).
Thus, CNS infection cannot be ruled out conclusively. Cerebral
infection in immunocompetent patients is rare and primarily
described in two patient populations: injection drug users
(thought to be from fungal inoculation at the time of drug
injection) and near-drowning patients (related to aspiration of
large volumes of contaminated water with subsequent dissem-
ination from the lungs or direct invasion through the sinuses)
(36–38). In nonimmunocompromised, nondiabetic patients,
cutaneous infection is the most common site of mucormycosis,
whereas CNS infection is more often associated with diabetic
patients with sinus involvement and contiguous spread (39). In
bone marrow transplant patients, disseminated mucormycosis
from a pulmonary source can also lead to CNS involvement
due to the angioinvasive nature of these organisms (40). For the
case patient, there was no evidence of neuroinvasive fungal
disease on intracranial imaging.

In summary, this report provides further evidence for the ben-
efits of molecular diagnosis over standard histopathologic and
culture methods for the diagnosis of IFIs. In combat-related inju-
ries, wound infection with multiple isolates is not unexpected, and
definitive diagnosis using PCR might be a useful adjunct to guide
antifungal therapy. Molecular tests might also prove valuable in
identifying unusual pathogens that may not be susceptible to stan-
dard antimicrobial agents. Based on limited human data, Pythium
species appear to be particularly resistant and invasive, necessitat-
ing early identification to improve mortality through prompt, ag-
gressive surgical interventions (27, 30, 32). Given the extensive
debridement often required, additional research into alternative
antimicrobial agents may allow decreased morbidity associated
with these infections.

Nucleotide sequence accession numbers. The D1/D2 and ITS
sequences were deposited in GenBank under accession numbers
KP331544 and KP331545.
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