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Introduction

Mucormycosis is an emerging fungal infection with significant clinical consequences. Within
literature there are small series and case-based articles, but to date there is no
comprehensive review of the literature discussing Mucorales (zygomycete) infection in burn
patients.

Mucorales are filamentous fungi (also known as moulds) that are ubiquitous in the
environment, found in soil. A distinctive feature of mucormycosis is extensive angioinvasion
leading to vessel thrombosis and tissue necrosis, and allowing haematogenous
dissemination, causing visible multifocal lesions and ultimately leading to multisystem and
multiorgan infection.

Figure 1: Stratification of fungi in the class Zygomycetes

Aim
To identify specific burn characteristics for development of mucormycosis, day of infection
diagnosis post-burn, viable treatment methods, and factors affecting mortality.

Method
We performed a systemic review of all English language literature for burns related cases
of mucormycosis.

A MEDLINE search from 1946 to the present was performed using the following key words:
Burn OR thermal injury OR burn wound AND Mucormycosis OR zygomycosis OR
mucormycetes OR zygomycetes (OR mucorales OR mucor OR rhizopus OR absidia OR
cunninghamella).

Results
There were 208 papers identified from the literature search, and further 13 papers were
identified from reference lists and grey literature. 45 individual cases (including our own
unpublished case) and 20 case series were identified, totalling 151 cases.

The all cause mortality rate (excluding those cases reported from autopsy data) was
54.5%. There was a general increase in survival over time initially, leading up to the
introduction of amphotericin B in the 1960s; following this there has been no significant
change in survival (using date of publication of case) [Figure 2]. Mortality rates increased
as total body surface area burns increased, which would be expected as per burn injury
mortality pattern [Figure 3].

Mucormycosis in burns:
a systematic review

When cases were reviewed comparing isolated peripheral infection with those with axial
involvement, there was a significant difference in mortality noted (40.0% vs. 66.1%, p=0.009)
[Figure 4].

In cases where treatment was documented, 113 patients underwent surgical debridement (98.3%),
whilst two did not, one of whom survived their infection. 34 (30.1%) underwent at least one
amputation, including 24 upper limb and 11 lower limb amputations. The mortality rate for patients
undergoing amputation was 50%. Systemic and topical treatments are summarised in Table 2

Management
Surgical management was almost ubiquitous in these cases. Given its rarity and severity,
there is limited evidence in the literature to aid in the choice of antifungal agent for
mucormycosis. Amphotericin B deoxycholate, a polyene antifungal is the most researched
option for mucormycosis. In this series, use of amphotericin B trended towards, but did not
reach significance in terms of patient survival (p=0.09). Amphotericin B is a broad-spectrum
antifungal with activity against mucorales as well as candida and aspergillus.

Topical treatment with dressings soaked in amphotericin B have been reported in several
cases. Schaal et al[5] use a method of soaking three times a day with a 0.1mg/ml solution in
patients whose dressings are left in situ, and those having daily dressings have gauze
impregnated with amphotericin B, vancomycin and colistin.

Hyperbaric oxygen, granulocyte stimulating factor, cytokine therapy and an experimental iron
chelator are being reviewed as an adjunct to antifungals for the treatment of mucormycosis,
although evidence for their use is limited to case reports and limited in vitro studies

Conclusion

Mucor infection in patients with burns is rare, difficult to diagnose, difficult to treat and has a
mortality rate of over 50%. A clinical history of exposure to soil or ground water should
increase suspicion. Hallmark signs include patchy and progressive black necrosis. Axial
involvement has a higher mortality than limb involvement. Early identification and aggressive
debridement is the key to management. If there is suspicion, urgent full thickness biopsy
should be sent for histopathology. Prompt and radical surgical debridement using frozen
section to guide excision, with the addition of IV liposomal or lipid complex amphotericin B at
>5mg/kg/day is recommended, with posaconazole at 800mg daily in divided doses as a
salvage therapy or oral step-down option in conjunction with the European Confederation of
Medical Mycology guideleines[6]. This should be guided by susceptibility data where possible.
Although there is no strong evidence for topical amphotericin B or hyperbaric oxygen
treatment, both have shown benefit in some cases and should be considered as adjuncts
where possible.
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Demographic data Mean (median, range)

Age 36 (36, 3-71)

Percentage TBSA 56 (57, 1-96)

Day of diagnosis post-burn 24 (18, 3-150)

Day of death post-diagnosis 22 (8, 0-160)

Day of death post-burn 30.9 (25, 10-100)

Number of 
patients (%)

Number of 
patients 
surviving 

Percentage 
survival

P value

Systemic management (120 
cases)
- Nil 31 (25.8%) 20 64.5%
- Amphotericin B (unspecified) 30 (25%) 25 83.3% 0.09
- Amphotericin B deoxycholate 1 (0.8%) 1 100% -
- Amphotericin B liposomal/lipid 

complex
28 (11.6%) 15 53.6% 0.32

- Amphotericin B + 
posoconazole/isuavuconazole

9 (7.5%) 5 55.6% 0.62

- Amphotericin B + other 
antifungal

15 (12.5%) 4 26.7% 0.02*

- Other 6 (5.0%) 2 33.3% 0.15
Topical treatment (64 cases)
- Nil 2 (3.1%) 0 0%
- Sulfamylon/SSD/sodium 

hypochlorite 33 (51.6%) 15 45.5%
- Amphotericin B 25 (39.1%) 14 56% 0.42
- Other 4 (6.3%) 3 75% 0.26

Figure 2: Trend in survival by year of publication of case report

Figure 3: Survival rates from fungal infection by percentage of total body surface area burned. 
Absolute case numbers as annotations

Figure 4: Mortality rates of axial infection versus isolated peripheral infection. Absolute 
numbers as annotations.

Table 1: Demographic data of cases reported

Various systemic treatments were compared to no treatment, and no particular systemic
treatment reached statistical significance, although amphotericin B (unspecified type)
trended towards significance. All other categories had low numbers. The addition of other
antifungals to the treatment regime had significantly worse outcomes, with lower survival
rates, however it is impossible to exclude other confounding factors in this analysis.

Topical treatment was compared to the standard burn treatments of sulfamylon, silver
sulphadiazine (SSD) or sodium hypochlorite, and again no treatment reached statistical
significance.

64 cases reported antibiotics being given prior to diagnosis, with a mean of 2.4 different
systemic antibiotics per patient, and 14 cases were given antifungals prior to diagnosis, with
a mean of 1.2. 14 patients had co-infection with one or more non-mucor species of fungi.

Table 2: Systemic and topical treatments used showing survival percentages for each
treatment

Discussion

Mortality
Mortality rates are reported as high as 94-96% in disseminated mucor infection[1,2]. The
registry of the European Confederation of Medical Mycology[3] prospectively reviewed all
cases of zygomycosis infection of any cause in thirteen countries, and identified mortality
rates of 47%, which is comparable to our burns specific mortality rate of 54.5%.

Incidence, Exposure, Immunosupression
The incidence of Mucorales infection in burns is difficult to estimate, and can often occur in
outbreaks. One review of state-wide burns admissions in Australia found the incidence of
non-candidal fungal burn infection to be 0.04% of which only a quarter involved
mucormycosis[4].

Clinical Signs
Clinical presentations were broadly reported as well circumscribed blackened lesions/ulcers,
often in multiple sites; dry, necrotic tissue with rapidly progressive necrosis, at times despite
adequate surgical debridement; gross fungal infiltration; and in some cases,
ischaemia/gangrene. Example lesions can be seen in Figure 5.

Schaal et al[5] discuss unexplained conversion of partial-thickness to full-thickness burns,
development of necrosis on the wound surface, formation of neo-eschar, graft loss, failure to
heal, and discoloration of tissues under the graft. A healed burn may also show regression
to unhealed tissue. All stages may involve focal dark red, brown, or black discoloration,
necrotic lesions, or obvious fungal colonisation with white, filamentous growth with a “bread
mould” appearance. Fever, tenderness and persistent swelling with or without induration are
also noted to be clinical signs.

Figure 5: Day 28 post-burn. Note the blackened patchy areas of necrosis throughout the 
burn wound, including underneath the adherent allograft


