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INTRODUCTION
Necrotizing soft tissue infections involve skin, fascia, 

and/or muscle and are rapidly progressing infections pre-
dominantly caused by polymicrobial infections in 70%–
80% and monomicrobial infections in 20%–30% of cases.1

Fungal necrotizing soft tissue infections are of low 
prevalence and most commonly belong to the order 
Mucorales, causing invasive fungal infection referred to as 
mucormycosis.2

Mucormycosis is an angioinvasive fungal soft tis-
sue infection resulting in high morbidity and mortality. 

A global rise in prevalence of mucormycosis has been 
observed within the recent years due to new subtypes of 
Saksenaea species (spp.) and susceptible population.3

Infections caused by Saksenaea spp. commonly occur in 
immunocompromised patients (hematologic malignancy, 
neutropenia, high-dose corticosteroids, diabetes mellitus, 
organ transplantation, malnutrition, and burns).4

Mucormycosis can, however, affect immunocompe-
tent patients without any known underlying illness. The 
reported prevalence of mucormycosis in immunocom-
petent hosts is approximately 19%.3 Mucormycosis from 
Saksenaea spp. accounts for approximately 3% of infec-
tions from all the Mucorales.5 Infections with Saksenaea spp. 
occur in immunocompetent individuals most commonly 
after trauma, ranging from insect bites to surgical site 
infections to polytrauma.6,7

These fungal organisms are ubiquitous; they are part 
of normal soil flora or have been associated with decay-
ing vegetation.8 Skin defects exposed to soil or dirt poten-
tially result in the acquiring of an infection with Saksenaea 
spp.6,9,10 Microbiologist S.B. Saksenaea had extracted the 
fungus from Indian soil in 1953 and distinguished the 
invasive fungus by its particularly flask-shaped sporangia, 
from other Saksenaea spp. and referred to it as Saksenaea 
vasiformis.11,12
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The clinical presentation of infections with Saksenaea 
spp. varies between localized or systemic disease.

The cutaneous manifestation is the most common 
one and can rapidly progress.6 Localized cutaneous or 
subcutaneous invasion initiates with spores of the fungus 
entering the body via defected skin barriers.6,13 Clinically, 
these patients present with necrotic or ulcerative skin and 
soft tissue lesions or necrotizing fasciitis.4,7,9,14 According 
to a review, 46%–67% of cutaneous mucormycosis was 
reported in immunocompetent patients.3 Patients’ prog-
nosis depends on early diagnosis and immediate treat-
ment. In cutaneous cases, surgical debridement and 
systemic administration of antifungal medication are the 
recommended first line treatments. Contrary to the more 
common mucormycosis infections, no specific guidelines 
are available for the management of cutaneous infections 
with Saksenaea spp.,9 which have been reported world-
wide. Most cases have been related to warmer (tropical/
subtropical) climate zones. Cases in central European cli-
mate conditions are rare.6,15 We report a case of cutaneous 
Saksenaea vasiformis infection in an immunocompetent 
patient in Switzerland following minor skin trauma from a 
stone wall in southern Italy.

In an attempt to identify cases of Saksenaea spp. infec-
tions in immunocompetent patients reported in Europe 
and their management strategies, a systematic review of 
the literature was conducted. The purpose of this work 
was to raise awareness for this uncommon pathology in 
Europe and provide evidence for the management of soft 
tissue infections with Saksenaea spp.

Case Report
A 79-year-old immunocompetent woman was admitted 

to a regional hospital in Switzerland with 23 cm x 20 cm 
dermal abrasion on her left lower leg (medial third/ante-
rior-medial). During a recent vacation in Sardinia, the 
patient had grazed her left lower leg at a stone wall 6 days 
before the initial admission.

On admission at the regional hospital, the periphery 
of the abrasion appeared necrotic with clinical signs of 
lymphangitis extending to the dorsum of the foot. An 
empiric antibiotic treatment (amoxicillin-clavulanate 
intravenously) was initiated upon initial admission in the 
regional hospital. The wound was surgically debrided 
on day 8, and tissue samples were sent for microbio-
logical and histopathological examination. The tissue 
intraoperatively mimicked a necrotizing panniculitis  
(Figs.  1, 2). A vacuum-assisted closure system was used 
for wound cover.

The patient’s clinical condition worsened with fever 
and pain. Infection markers increased rapidly, reaching 
280 mg per l (C-reactive protein) and 10.2 G per l (white 
blood cell count) on day 9. The antibiotic regimen was 
changed to clindamycin (orally) combined with cefepime 
intravenously. Results from microbiological samples taken 
on day 8 showed growth with gram-positive cocci and 
Pseudomonas aeruginosa, which was susceptible to clindamy-
cin. Debridement was repeated on day 10.

On day 12, the patient was transferred to the University 
Hospital of Zurich due to uncontrollable tissue necrosis 

in the wound bed despite escalated antibiotic treatment. 
The patient presented with a defect of 400 cm2 on her left 
lower leg (Fig.  3). The defect extended from the ante-
rior aspect of the tibial bone medially toward the popli-
teal fossa proximally, exposing the soleus muscle and the 
medial head of the gastrocnemius muscle, 12 cm above 
the medial malleolus. Due to ongoing necrosis and an 
ambiguous diagnosis, another surgical debridement was 
performed (Fig. 4). Samples were sent for microbiologi-
cal investigations; the wound was covered with a vacuum-
assisted closure system.

Takeaways
Question: What are the characteristics of reported patient 
cases of fungal infections with Saksenaea species in Europe?

Findings: Nine cases of immunocompetent infections by 
Saksenaea were reported in Europe. All cases resulted from 
skin trauma and the average discovery time was 21 days. 
All patients received a minimum of 1 surgical debride-
ment and the average treatment time with antifungal 
agents was 73 days.

Meaning: Saksenaea invasive fungal infections should be 
considered in immunocompetent patients, following skin 
trauma with rapid progression and without improvement 
on adequate antibiotic treatment. Surgical debridement 
together with antifungal agents is the treatment of choice.

Fig. 1. Preoperative (magnified) view of the wound showing necro-
tizing panniculitis on the left lower leg (taken on day 8).
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Fungal microscopy with periodic acid Schiff staining of 
the tissue samples showed aseptate fungal hyphae consis-
tent with zygomycete infection. On day 14, fungal growth 
with filamentous fungi in the tissue samples confirmed an 
invasive mucormycosis and treatment with posaconazole 
300 mg per 12 hours was started immediately. Due to the 

lack of sporulation at the fungal cultures, identification of 
the filamentous fungus was obtained by molecular analy-
ses of the internal transcribed spacer (ITS) region of the 
rRNA operon.16 An identification of genus level Saksenaea 
spp. was achieved, with best matching sequence similar-
ity to S. vasiformis and S. erythospora. Additionally, Bacillus 
spp. and Staphylococcus epidermidis were isolated in multiple 
samples. The antibiotic regimen was changed to daptomy-
cin and piperacillin-tazobactam intravenously. After five 
further debridements, tissue samples on day 20 did not 
show evidence of ongoing infection with Saksenaea spp.

After eight surgical debridements and under antifun-
gal treatment, clinical improvement was observed. Six 
weeks after initial presentation (at the regional hospi-
tal), the wound showed rosy granulation tissue and vital 
skin margins. At this stage, the defect anteriorly exposed 
the tibia and posteriorly the musculotendinous junction 
of the gastrocnemius muscle (Fig. 5). As healing by sec-
ondary intention was likely to fail and the periost of the 
tibia was still there, the defects were grafted with a dermal 
regeneration template followed by split-thickness skin and 
covered with a vacuum-assisted closure system.

Twelve weeks after initial presentation, incomplete 
wound healing at the tibia site anteriorly was noted, and 
a revision and reconstruction with a pedicled hemisoleus 
muscle flap (medial part) and split-skin graft performed, 
which covered the wound sufficiently allowing for return 
to daily activities (Figs. 6, 7). Treatment with posaconazole 
was maintained for a total of 63 days.

This case demonstrates the importance of an early and 
accurate diagnosis of Saksenaea spp. in a poorly recovering 
soft tissue infection, highlighting the importance of inter-
disciplinary management.

METHODS

Literature Review
A registration of the protocol on the PROSPERO 

International Prospective Register of Systematic Reviews 
(CRD42021256711) was performed according to the 
guidelines described in the Preferred Reporting Items for 

Fig. 2. Photograph showing the extent of the wound of the left 
lower leg defect (taken on day 8).

Fig. 3. Defect on left lower leg demonstrating necrosis (photo-
graphs taken on day 12, before debridement). 

Fig. 4. Defect on left lower leg demonstrating necrosis (photo-
graphs taken on day 12, after debridement). 
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Systematic review and Meta-Analysis Protocols flow chart 
(Fig. 8).

Search Strategy
Electronic data bases (Embase, Google Scholar, Medline, 

Scopus and Web of Science) were screened to identify all case 
reports containing the keyword “Saksen*” on 10th May 2021.

Data Extraction
Firstly, duplicates were removed by the first author. 

Two authors performed a review of publications. Articles 
were selected based on inclusion and exclusion criteria. 
Disagreement between the two reviewers concerning the 
inclusion of particular studies was resolved in consensus 
with the senior reviewer.

The final bibliography of the included studies was 
screened to check for additional case reports missed by 
the search strategy. The list of screened and included stud-
ies was organized in a structured Excel sheet.

Fig. 5. Photograph of left lower leg defect after eight debridements, 
6 weeks after initial presentation at regional hospital.

Fig. 6. Photograph taken 12 months postoperative of left lower leg, 
following a medial hemi soleus flap coverage (anterior view/left leg).

Fig. 7. Photograph taken 12 months postoperative of lower legs bilat-
erally, following a medial hemisoleus flap coverage (posterior view).
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Study Selection
We included all published studies on immunocompe-

tent patients with soft tissue infection with any species of 
Saksenaea in Europe.

Cases of solitary disseminated infections and rhino-
orbital and pulmonary infections were excluded. Case 
reports of primarily local cutaneous infections eventu-
ally resulting in a disseminated infection were included,17 
while cases of primarily disseminated,18–20 nosocomial,21 
cranial,22 rhino-(oto)-cerebral infections,23–26 with skin 
manifestations that presented secondarily27 were excluded.

All pediatric cases (<18 years), cases in immunocom-
promised patients and burns were excluded. We did not 
consider diabetes as an exclusion criterion.

All published case reports of immunocompetent 
patients with infection from any Saksenaea species, that 
were treated with surgical debridement and/or systemic 
administration of antifungals were included. For each 
reported case of Saksenaea infection, clinical manifesta-
tions, sites of infection, discovery times, co-infections, and 
treatment-times with both antibiotics and antifungals were 
analyzed (Table  1). Furthermore, the types of surgical 
treatment the patients received were compared, including 
respective results.

RESULTS

Epidemiology
Nine cases were reported in Europe. All reported 

infections were caused by S. vasiformis. The average age 

of reported cases in Europe was 56 years with an almost 
equal gender distribution (four female/four male cases).

All reported cases in Europe resulted from skin 
trauma. Five reported infections were posttraumatic fol-
lowing motor vehicle accidents.7,17,29–31 As a result of pro-
gression of cutaneous lesion, four reported cases had a 
fatal outcome,17,29–31 and all of them were initially caused 
by motor vehicle accidents.

Clinical Presentation
Cutaneous presentation included local skin necrosis 

and necrotizing cellulitis with edema and erythema in all 
cases. The infection was localized at an extremity site in 
seven patients. In four patients, it affected a lower extrem-
ity site, and in four patients, an upper extremity site was 
involved. The cranial area (traumatic head injury)29 and 
the lumbar region31 were the other sites of infection.

Microbiological Diagnostics
Three patients had confirmed bacterial coinfec-

tions.17,30,31 One report lacked information about bacterial 
coinfections and respective treatment.29 The average dis-
covery time of the invasive fungal infection after primary 
incidence causing the infection was 21 days. One article 
did not report the time to diagnosis.10

Management
Four confirmed cases of bacterial coinfections 

received antibiotics,17,30,31 while four patients were started 
on empiric antibiotics.7,10,11,28

Fig. 8. Preferred Reporting Items for Systematic review and Meta-Analysis Protocols flow chart.
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Nine patients received amphotericin B for antifungal 
treatment. Posaconazole was added to amphotericin B 
in four patients.7,11,31,32 Posaconazole was used as the sole 
agent in none of the reported cases.

All patients received a minimum of one surgical 
debridement, and the average treatment time with any 
antifungal agents (monotherapy / combined therapy) was 
72 days.

Outcome: Survival/Recovery
The survival rate of reported cases in Europe (includ-

ing the present case) was 55% (five of nine patients). 
Despite surgical debridement and antifungal treatment 
with amphotericin B and/or posaconazole, cases of limb 
amputation have been described to prevent the infection 
from progressing.7,28,32 The amputation rate in patients 
with affected extremity sites was 50%.

Surgical Reconstruction
All nine case reports have been surgically debrided; 

four cases were managed by surgical reconstructive proce-
dures.7,11,17,32 Detailed information on reconstructive pro-
cedures is listed in Table 1.

DISCUSSION

Epidemiology
While subtypes such as S. dorisiae33 were only found 

in nonclinical extractions, only S. erythrospora34–36 and 
most frequently S. vasiformis have been reported to cause 
human invasive infections. Although the subtype S. eryth-
rospora caused mycormycosis in immunocompetent adults 
globally,37–39 it was not reported to cause any infection in 
Europe.

Previous European reports have been related to 
Mediterranean climatic conditions. In the present case, 
the injury and consequently the infection with S. vasiformis 
originated in Sardinia, where the climate is much warmer 
compared with that in Switzerland.

There is a relation between prevalence of fungal infec-
tions with Saksenaea spp. and wounds exposed to agricul-
tural contamination.8 Given the mechanism of injury in 
the presented case in particular with an injury from climb-
ing a stone wall, the wound was very likely exposed to dirt 
or soil from mosses or various flora and fauna growing on 
the wall (fungi).

Clinical Presentation
The majority of S. vasiformis infection cases affect 

mainly healthy or nonimmunocompromised individuals.6 
The patient from the present case was negative for any 
acquired or inherited immunodeficiency that could have 
promoted a fungal infection.

Onset with early cutaneous skin necrosis is considered 
the most common characteristic of soft tissue S. vasiformis 
infection. Characterized histopathologically by angioinva-
sion and tissue necrosis,6 the clinical presentation of the 
present case is comparable to the majority of primary cuta-
neous cases previously reported in the literature.

Microbiological Diagnosis
Prompt diagnosis to initiate treatment as early as possi-

ble is fundamental7 as delay in diagnosis negatively affects 
a patient’s prognosis and increases mortality. Infections by 
emerging fungi are rare, difficult to diagnose, and there-
fore may be underreported.9,10 Saksenaea spp. only rarely 
sporulate on routine mycological media.6

Direct examination of fungal elements in tissue sam-
ples by microscopy provides orientation on whether a fun-
gal infection is suspected.9 Microscopic evaluation of the 
characteristic morphologies of fungal hyphae is indica-
tive for zygomycete but allows for testing of only a small 
amount of tissue.

Fungal cultures allow for fungal identification and 
antifungal drug susceptibility testing; however, compared 
with microscopic evaluation, they are more time-consum-
ing. Saksenaea spp. can be grown on any fungal media; 
however, the use of a nutritionally deficient medium or 
Czapek-Dox agar has shown the best sporulation, allowing 
identification by conventional phenotypic methods.6,40

Management
There is no data from clinical trials to specifically guide 

antifungal therapies in treating necrotizing soft tissue 
infections.2 Trauma-related mucormycosis in immunocom-
petent patients is uncommon; consequently, there are no 
controlled studies to guide management.41 Management 
of mycormycosis with Saksenaea spp. requires a highly 
specialized and an interdisciplinary approach. Infections 
with S. vasiformis are commonly marked by its rapid pro-
gression into adjacent tissues necessitating aggressive and 
repeated debridement in combination with antifungal 
therapy. Abscess formation and fat necrosis have also been 
reported as cutaneous presentation of S. vasiformis infec-
tions.6 Treatment classically consists of aggressive debride-
ment and antifungal therapy. Antifungal treatment alone 
is not sufficient, and neither is radical surgery.33

As stated by the Royal Center of Defence (Switzerland),41 
infections in combat military victims tend to be trapped 
in deeper tissue layers, necessitating extensive and mul-
tiple debridements until there are no more clinical signs 
of infection. The protocol for repetition of debridement 
declares 48–72 hours between the operations and includes 
the irrigation of wounds with hydrogen peroxide followed 
by generous amounts of warmed saline. Documentation 
of each stage of the wound is done photographically.8 For 
the surgical debridement, it is necessary to identify a clear 
margin of viable to necrotic tissue. While margins appear 
clinically intact, often ongoing growth of fungus can be 
detected microbiologically.41

Amputation6,28,42,43 and fatal progression despite treat-
ment have been described in the literature and were 
associated with motor vehicle accidents. All of the fatal 
outcomes appear to be in the patients with polymicrobial 
coinfections (4/9 cases). While the data suggest a high 
mortality in the series of patients with Saksenaea spp., it 
appears to be difficult to distinguish the confounder of 
coinfection.

All European cases were treated with liposomal 
amphotericin B, which is considered a first-line treatment 
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together with surgical debridement according to ESCMID 
(European Society of Clinical Microbiology and Infectious 
Diseases) and ECMM (European Confederation of 
Medical Mycology) guidelines for the management of 
mucormycosis.44 Posaconazole is recommended as a sal-
vage treatment and has the highest cure rates when com-
bined with surgery as part of the treatment strategy.44,45

As such, posaconazole alone might be adequate if 
the patient is managed with aggressive surgical debride-
ment. It might reduce the nephrotoxicity associated with 
amphotericin B in patients with Saksenaea.46 Our deci-
sion concerning which antifungal regimen to choose and 
how to administer it, was guided by data demonstrating 
posaconazole’s efficiency in treatment of S. vasiformis fun-
gal infections46 and by the clinical status of the patient. 
The patient was clinically stable, which is why we chose to 
administer posaconazole orally.

The duration with antifungal treatment should be at 
least two weeks after resolution of any evidence of infec-
tion symptoms; however, it needs to be tailored individu-
ally to each patient.2

Following studies examining the in vitro activity of 
S. vasiformis, it was proven that the minimum inhibitory 
concentration (MIC measured in mg/ml) after 24 and 48 
hours of posaconazole is lower than those of amphoteri-
cin B.47 Amphotericin B is limited in its application due to 
nephrotoxicity; it must be closely monitored and is bound 
to restrictions for dosage and duration of treatment.6

Surgical Reconstruction
The reconstruction of defects following fungal infec-

tions has to be tailored to each individual patient.41 
Aggressive debridement led to extensive defects in most 
reported cases. Comparison of timing and approaches was 
complicated by scarceness of details and further informa-
tion within individual case reports.

For the timing of the reconstruction, a clean (not-
contaminated) wound with removal of all dead tissue is 
considered priority.8

Reconstruction was considered after 4 weeks following 
the initiation of therapy with posaconazole and as soon as 
all samples remained negative for fungal growth. We have 
given posaconazole for 6 weeks and reconstructed thereaf-
ter. For this time frame, there are currently no guidelines. 
We made a decision based on the clinical course and the 
tissue samples, which were all negative after 4 weeks of 
posaconazole.

For a successful free flap reconstruction, a well-
controlled and adjusted antifungal-treatment period is 
suggested, as mucormycosis is known to clot vessels by 
thrombus or even cause dissections, which would threaten 
the success of the flap.7 We have therefore chosen a pedi-
cled muscle flap, which provided excellent functional and 
aesthetic outcomes.

In summary, this article is important, as it provides 
an overview of this rare condition. It aims to raise aware-
ness for invasive fungal infections in patients with even 
minor wounds that occurred outdoors if they travelled 
to the Mediterranean. Saksenaea spp. as causative fungus 
might be underreported because of challenges caused 

by phenotypic identification methods. Thus, fungal cul-
tures on nutritionally deficient media for conventional 
phenotypic methods or investigations by molecular tech-
niques are highly recommended for ready identification 
of Saksenaea spp. in clinical samples. In the present case, 
coverage by split skin-graft on a dermal regeneration tem-
plate resulted in incomplete wound healing at the tibia 
site of the defect. The second attempt performed after 
completion of antifungal treatment with a pedicled hemi-
soleus flap resulted in complete closure of the defect.

CONCLUSIONS
Erythematous, nonpurulent skin or soft-tissue necro-

sis with rapid progression and no history of immunodefi-
ciency should raise the suspicion for mucormycosis. Early 
diagnosis is essential to stop the progress of the rapidly 
spreading cutaneous S. vasiformis infections and prevent 
amputation of limbs, dissemination, or fatal consequences.

Repeated and extensive surgical debridement of the 
necrotic tissue together with antifungal agents are crucial 
for successful treatment. Posaconazole is less nephrotoxic 
and was successfully used to treat the Saksenaea soft tissue 
infection as a single agent. Defect coverage by local mus-
cle flaps for extremity reconstructions should be consid-
ered in select cases.
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