
Many pathogens present in the human envi-
ronment often can cause asymptomatic and self-
resolving infection in immunocompetent individ-
uals. Reduced immunity may contribute to very 
severe opportunistic infections. The  risk of cer-
tain diseases correlates greatly with a decrease in 
the level of CD4 immunoglobulin. Opportunistic 
pathogens include many kinds of protozoa, fungi, 
bacteria and viruses. Examples could be as follows: 
Toxoplasma gondii, Cryptosporidium  sp., Candi-
da  sp., Cryptococcus  sp., CMV, VZV, Mycobacte-
rium tuberculosis, Salmonella sp., and  other [1, 2]. 
A  good example is found in HIV/AIDS positive 
patients. This group of diseases is often related 

with opportunistic infections such as tubercu-
losis of the lungs, salmonellosis, candidiasis and 
 others  [2]. Some fungal infections have a  fulmi-
nant course and often lead to death.

Other infections are often observed in the 
course of other systemic diseases associated with 
decreased immunity. One of opportunistic in-
fection is mucormycosis (zygomycosis) caused by 
saprophytic fungi belonging to the class of Zygo-
mycetes, the Mucorales order (e.g., Rhizopus  sp., 
Mucor  sp., Absidia  sp., Rhizomucor  sp., Cunning-
hamella  sp.). These organisms are mainly found 
in the soil, decaying organic matter and necrot-
ic tissues. Risk factors for the development of mu-
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cormycosis include: diabetes, ketoacidosis, AIDS, 
leukemia, lymphoma, anti-metabolites therapy, 
steroid therapy, severe burns, neutropenia, mal-
nutrition, iron overload, organs or bone marrow 
transplantation and probably other rare diseas-
es [1–4]. A common way of transmission is inha-
lation of spores or direct contact by damaged skin 
or mucous surfaces. Treatment of mucormyco-
sis is a  great challenge and it is often life-threat-
ening [1–6]. In this article the authors present the 
current guidelines, treatment strategies, diagnosis 
and quality of life of patients with craniofacial mu-
cormycosis.

Incidence and Prevalence
Mignogna’s et  al.  [7] statistical analysis from 

the year 2010 showed that the occurrence of mu-
cormycosis in the USA  is estimated at 500 new 
cases each year. The most common form is the rhi-
nocerebral one [3, 8–10] and it is found in 44–49% 
of all detected zygomycosis. Retrospective analy-
sis of 98 cases made by Vaezi et al. [11] showed that 
rhinocerebral form, characterized by the highest 
mortality rate was detected most frequently in the 
gathered data (about 48.9% of all clinical subtypes 
of rhinocerebral zygomycosis). For comparison: 
the sinonasal – 7.1% and sinonasaloorbital – 6.1% 
forms were not often found. This disease may 
occur in all patients regardless of age and gen-
der  [9,  12]. Often the most vulnerable age group 
were young adults with varying degrees of defi-
ciency of the immune system and also those treat-
ed for other systemic diseases.

Epidemiology
In  most cases, severe chronic diseases are 

mainly responsible for this fungal infection occur-
rence. Diabetes mellitus, malignancies, severe in-
juries and transplantations were most frequently 
mentioned as predisposing factors in world litera-
ture. Uncontrolled diabetes and trauma dominate 
in developing countries, while in highly developed 
countries, diabetes and cancer seem to be most of-
ten related to any forms of fungal infection  [12]. 
Roden’s et al.  [13] research showed that the most 
frequently predisposing factor is diabetes, present 
in 36% cases, while others are 17% forms of vari-
ous malignancies, while 95% of them are hemato-
logical tumors. Almost every fifth person had no 
disease when infection occurred. At least 25% is 
a group with severe trauma [13]. Vaezi et al. [11] al-
so indicates that diabetes is the most common pre-
disposing factor (47.9%), while the second one are 

organ or bone marrow diseases – 22.4%. Different 
statistics were presented by ECMM study group. 
According to their analysis, a total of 44% people 
suffering from mucormycosis had a  hematologic 
malignancy and 15% had severe trauma [14]. Di-
abetes is still an important risk factor. The  inci-
dence of diabetes in Poland remains on a very high 
level, and is estimated at 9.03%, according to the 
2013 edition of the report “Diabetes. Hidden Pan-
demic. Situation in Poland”. The  most common 
infections in diabetes mellitus are mentioning re-
spiratory infections and urinary tract infections, 
while mucormycosis is a rare [15].

Mortality rate of mucormycosis is very high, 
estimated at 40.8–50%  [11, 16], while some fun-
gal forms are associated with even a one hundred 
percent mortality rate [13]. The very high risk of 
death is related with the rhinocerebral form es-
timated at even 62.5% [7]. This is mainly due to 
a  late proper diagnosis, consequently delayed 
treatment resulting from a misdiagnosis and also 
to angioinvasion and subsequent tissue necrosis 
caused by fungi [16]. Patients with diabetes as the 
only existing disease have a better prognosis than 
those with other factors related to a  decreased 
immune response, such as malignancy, immu-
nosuppressive therapy or AIDS  [17]. The  mor-
tality rate among diabetic patients demonstrat-
ed by Roden et al.  [13] in their research was rel-
atively low compared to patients with other risk 
factors. The  main value was estimated at 44%, 
while the bone marrow recipient’s mortality rate 
was observed at 91%, patients with renal insuf-
ficiency 89%, and systemic lupus erythematosus 
as 89%. The prognosis for recovery of mucormy-
cosis in diabetes patients is relatively good com-
pared to HIV positive patients, where the mortal-
ity rate is 41% while in organ transplant recipients 
it is 48%. The most common known way of infec-
tion is inhaling spores  [7]. Most studies indicate 
that almost 2/3 of known mucormycosis cases in-
volve men  [14] and there is no detailed current 
research to explain this predisposition. Advanced 
infection may result in Lemierre syndrome and 
death  [8]. Almost 75% of zygomycosis cases are 
caused by Rhizopus  sp. and Mucor  sp. (13%). 
The  highest mortality rate is recorded through 
the Cunninghamella bertholletiae infection; how-
ever, the pathogen is rarely responsible for mu-
cormycosis, mostly because it is found only in 6% 
of all infections. The overall survival rate is high, 
estimated at about 85% and higher in the naso-
cerebral, pulmonary or disseminated forms, be-
cause it is more often diagnosed at an early stage. 
Also, a very important key factor is the presence 
of diabetic ketoacidosis, which is relatively easy to 
treat [7, 15, 18].
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Clinical Types
There are five main clinical forms of zygomy-

cosis: rhinocerebral, pulmonary, gastro-intestinal, 
cutaneous and disseminated. Rhinocerebral type 
involves the nasal cavity, paranasal sinuses, orbit-
al and intracranial structures. A  further division 
of this clinical form is based on the location of the 
fungus and is as follows: rhinocerebral, rhinoor-
bital and rhinomaxillaris forms  [3]. The  sinona-
sal subtype is very important, because the trouble-
some location and difficult, late-occurring visible 
signs detected in late advanced clinical stages can 
frequently decide the fate of the patient (Table 1).

Patients often start treatment of other condi-
tions because of non-specific clinical signs of mu-
cormycosis. Most of them (79%) have a slightly in-
creased temperature [19]. Initial symptoms of this 
disease usually suggest sinusitis. Patients quite of-
ten present with pain, swelling of the face, orbits, 
headache, runny nose, hyposmia, blurred vision 
and periorbital cellulitis  [3, 4, 8, 20]. Ambiguous 
signs of facial swelling, nasal congestion and na-
sal secretion are often present in the course of oth-
er infections, such as allergy, inflammations, thus 
delaying of the proper diagnosis of mucormycosis.

More characteristic signs appear later with the 
development of the disease. They include palate 
and nasal cavity lesions-eschars, necrotic ulcers 
(usually black color), called “the black eschars”. In-
traoral exams reveal a tilted occlusion which is as-
sociated with the deformation of the maxilla due 
to the disease development and infiltration of the 
hard and soft tissues. Mucormycosis often leads to 
the destruction of the maxilla, mandible, tongue, 
lips and cheeks [3, 21–23]. Ptosis, pupil dilatation, 
ipsilateral face paresthesis indicate the involve-
ment of the branches of the trigeminal and facial 
nerves. Kursun et al. [19] point out that the orbit-
al apex syndrome as one of atypical clinical symp-
toms, which may be caused by e.g., bacterial in-
fections, tumors or sarcoidosis. This is due to the 
infection of the cranial nerves: II, III, IV, V1, VI. 
In  the second clinical stage of mucormycosis pa-
tients can lose vision due to retinal vascular in-
vasion. During the third stage, other additional 
symptoms are also found – loss of consciousness, 

coma – due to CNS structures disorders and also 
cranial nerve palsy, obturation of the brain vessels 
or blood clots in the cavernous sinus [3, 6].

Early, proper diagnosis of the disease, which is 
a great challenge, is a key point of accurate treatment. 
Mucormycosis differential diagnosis includes: nec-
rotizing fasciitis, aspergillosis, actinomycosis, syph-
ilis, malignancies, tuberculosis, Wegener’s granulo-
ma, midline lethal granuloma, Herpes simplex infec-
tion and Herpes zoster infection. Other pathogens, 
whose infection is associated with angioinvasion are: 
Fusarium sp., Scedosporium sp. and Pseudomonas ae-
ruginosa. It is important to determine whether there 
are any risk factors or underlying diseases. Histolog-
ical findings may be atypical, especially if antifungal 
therapy was scheduled before collecting some sam-
ples or scrubs. Moreover, the lack of specific symp-
toms and biomarkers, and a high risk of damage to 
the material during collection and processing, are 
factors impeding definitive diagnosis  [3,  5,  12,  24]. 
In the case of rhinoorbital mucormycosis, any ma-
terial for microscopic examination is taken mostly 
from nose secretions, the nasal cavity and a biopsy 
of the infected tissue [16] (Table 2).

CT and MR findings are not specific enough. 
CT is not appropriate for detecting any signs of 
early changes. Invasive mucormycosis of the si-
nuses may be often invisible. MR is significant-
ly more accurate [3, 16]. Molecular techniques are 
very useful in order to determine the exact eti-
ology of the disease, but should never be used as 
an only method of an examination [19]. Current-
ly, there are also studies of specific T-cell for Mu-
cor  sp., focused in the differential diagnosis with 
aspergillosis. Presented results are helpful to ex-
clude this type of infection, obtaining a  negative 
test result of galacto-mannan and B-D glucan. 
In  modern laboratory tests there are also meth-
ods with usage of the spectrograph MALDI-TOF 
to identify those species [18] (Table 3).

Treatment
Appropriate mucormycosis treatment in-

volves simultaneous antifungal pharmacother-
apy, surgical debridement of infected tissue and 

Table 1. Clinical stages of rhinocerebral mucormycosis depend on the location of the fungus, based on Jatinder’s article and 
own clinical description [3]

Stage 1 Infection of the nasal cavity mucosa, sinuses, local vascular thrombosis. This leads to rapid spread 
of disease to soft tissues (face skin, oral cavity mucosa). Infection may pass through the cartilage 
and bone barrier

Stage 2 Infection of orbits and retinal vessels

Stage 3 Intracranial invasion (through the orbital apex, cribriform plate of ethmoid bone and ethmoidal 
fovea)
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the elimination of the underlying diseases which 
are important factors predisposing the patient to 
various forms of zygomycosis. The  range of re-
section is often very large, making it sometimes 
nece ssary to perform maxillectomy, mandibulec-
tomy or even orbital exenteration. The  surgical 
procedure, though it is the only treatment option, 
is often not sufficient enough  [3, 16]. The  surgi-
cal treatment of patients with neutropenia may 
increase the mortality rate  [28]. Orbital exenter-
ation is not performed in all patients with or-
bital involvement  [16]. This procedure should be 
performed when retinal artery embolism, orbit-
al apex necrosis or the invasion within the eyeball 
are preset both clinically and radiologically  [29]. 
Patients in the early stages of rhinocerebral mu-
cormycosis may be considered for endoscopic sur-
gery  [16]. However, sometimes the full exposure 
and visual assessment of the operative field can 
be a  better method than less radical endoscopic 
procedure.

After extensive resection it is possible to per-
form some types of reconstructive surgery. Sur-
geons use eg. alloplastic implants (e.g., titanium 
mesh) or free flaps [3]. Before the start of the sur-
gical rehabilitation it is necessary to confirm the 
absence of infection, and to make sure that the 
 other tissues are healthy [23]. Patients eligible for 
the various stages of reconstruction could be qual-

ified, depending on the severity and clinical form 
of mucormycosis. During preparation for surgery, 
each patient should be circulatory and respiratory 
efficient with stable chronic disease.

Amphotericin B  is the basic drug in treat-
ment of mucormycosis (survival rate up to 72%). 
This drug may be used in various pharmacolog-
ical forms. Most common one is the convention-
al intraoral drug, however other appliance forms 
are used; such as – liposome, lipid complex or dis-
persed colloidal solution. Fungistatic action and 
high nephrotoxicity are the main drawbacks of 
this drug  [3, 28]. Systemic administration of the 
medicament slows infections and allows the con-
trol of the disease within the tissue, which cannot 
be resected  [25]. Lipid forms are associated with 
lower risk of side effects (nephrotoxicity) and lon-
ger remaining in the circulatory system, so there 
is high concentration of the drug within infect-
ed tissues. Therapeutic effect is equal for con-
ventional and lipid amphotericin B, so lipid form 
should be used only for patients with renal im-
pairment [3, 16, 25].

The  total dose of conventional amphoteri-
cin B  estimated at 3–4  g  should be given with-
in 6–12  weeks. The  daily dose of intravenous 
dose is usually 1  mg/kg. The  lipid form is ad-
ministered by infusion at a dose of 5 mg/kg/day. 
Posaconazole may be given together with am-

Table 2. The possible diagnostic methods and their effectiveness. Own clinical description based on articles [3, 18, 19, 21, 25, 26]

Radiological 
imaging

CT, MRI In the CT image are visible changes in the bone (sinuses bone walls de-
struction), inverted “halo” mucosal thickening, swelling of soft tissue and 
extraocular muscles, exophthalmia. MRI reveals early changes in the soft 
tissues, intracranial lesions, involvement of the cavernous sinus, early vas-
cular invasion

Microbiological 
culture

fungus culture from 
biopsy

Often it gives a false negative result due to the material being damaged 
during the process of obtaining it. A biopsy should be obtained from the 
depth of infected tissues. Microbiological culture is currently at the level 
of 50–71% of efficiency and shows an upward trend

Histopathology staining: H+E, Gomori-
-Grocott, PAS

Tissue necrosis, angioinvasion with obstruction and the presence of cha-
racteristic broad, non-septate hyphae with branching at right-angle

Moleculat  
techniques

e.g.: PCR, RFLP, DNA-
-sequencing, PCR-product 
melting curve

Analysis of the pathogen’s genetic material

Table 3. Differential diagnosis with other fungi species description. Own clinical description based on articles [18, 27]

Aspergillosis The final diagnosis of aspergillosis and mucormycosis is troublesome, however histology eva-
luation leads to final proper diagnosis. Hyphae of these fungi are very characteristic. Hyphae 
of Mucor sp. are large, wide, non-septate with a branching at right angles, while Aspergillus sp. 
hyphae are interspersed with the branching angle at 45°

Aspergillosis, fusariosis, 
candidiasis

The differential diagnosis of these three species may include detection of the 1,3-β-D-glucan 
because Mucor sp., which one gives only negative result
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photericin B (total dose 800 mg/day in 2–4 dos-
es), especially in cases of resistant zygomycosis, 
intoleration of amphotericin B. It is also impor-
tant to increase patients immunity and treat any 
co-existig metabolic diseases [3, 23]. Additional 
supportive therapy treatment options are defer-
asirox, hyperbaric oxygen (stimulation of neo-
vascularization, thus improving perfusion of the 
tissues), transfusion of leukocytes, interferon al-
pha, immunoglobulin polyvalent and GM-CSF 
(granulocyte-macrophage colony-stimulating 
factor), G-CSF (granulocyte colony-stimulating 
factor) [3, 4, 16, 23]. ECMM research has shown 
that mortality rate during the use of both an-
tifungal drugs and surgical intervention is es-
timated at 24%, while the operation itself is at 
44%, while and pharmacological treatment itself 
is up to 58% [14].

Innovative treatment method described by 
Ogawa et  al.  [29] proved to be effective. It  based 
on the combination of liposomal amphoteri-
cin B (10 mg/kg/day) with micafungin (6 mg/kg/
day) with simultaneous daily irrigation of maxil-
lary sinuses with solution of amphotericin B. Also 
a combination of amphotericin B and caspofungin 
seems to be promising [30]. Association with ap-
proved in 2015 isavuconazole can also be effective, 
but it requires more clinical studies [31].

Conclusion
Mucormycosis as an opportunistic, life threat-

ening fungal infection is a great challenge for every 
clinician and especially surgeons. The rapid prog-
ress of this disease, extensive involvement of cra-
nio-facial structures requires certain early diagno-
sis and treatment, which includes antifungal phar-
macotherapy (lipid forms of amphotericin B  are 
usually used at first), radical surgical debridement 
and correction of underlying diseases, like keto-
acidosis in diabetes mellitus. The  major charac-
teristics of this disease are necrosis and thrombo-
sis because of fungal angioinvasion. Very charac-
teristic “black eschars” on the palate are visible. 
Diagnosis includes radiological imaging, microbi-
ological culture wraps, molecular techniques, but 
most importantly histological evaluation. Detec-
tion of broad, non-septate branched at right-angles 
hyphae confirm a suspicion of mucormycosis. CT is 
a less effective method for the diagnosis of this dis-
ease. MRI is very sensitive diagnostic method that 
should be used especially in case of any changes at 
the early stages of zygomycosis. It  is possible that 
routine immunocompromised patients check-ups 
treated for systemic diseases could contribute to 
more rapid detection of possible co-infections and 
lesions emerging in the course of these diseases.
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