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Abstract
With the advent of coronavirus disease (COVID-19) pandemic, a wide range of life-threatening maxillofacial fungal coin-
fections have also been observed in patients. We conducted this systematic review to collate and evaluate the data to enable 
clinicians to understand the disease pattern and types of mycosis and provide meticulous management of these infections in 
COVID-19 patients. The review was carried out in accordance with Preferred Reporting Items for Systematic Review and 
Meta-analysis guidelines. A systematic electronic literature search was conducted on major databases using keywords in 
combination with Boolean Operators. Manuscripts discussing cases of maxillofacial fungal infections in COVID-19 patients 
were included. A total of 11 studies were systematically reviewed to assess the fungal coinfections in COVID-19 patients. 
Twenty-one cases of mucormycosis, 58 of candidiasis, and 1 each of aspergillosis and mixed infection were observed in 
the region of head and neck. Significant increase in invasive fungal infection is evident in patients suffering from COVID-
19 which could be due to immunosuppression and other pre-existing comorbidities. Early diagnosis and intervention like 
systemic antifungals or surgical debridement is mandatory to reduce morbidity and mortality.
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Introduction

Healthcare systems worldwide, with the advent of new dec-
ade of 2020, are fighting a catastrophe due to coronavirus 
disease (COVID-19), an emerging infectious syndrome 
caused by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) [1]. In December 2019, Wuhan in China 
became the epicentre of this pandemic coronavirus disease 
2019 (COVID-19) which has become a major challenging 
public health problem not only for China but also for the rest 
of the countries around the world. The World Health Organi-
zation (WHO) announced that this outbreak had constituted 
a public health emergency of international concern [2]. More 
than 150 million people have been afflicted worldwide by 

this disease till April 2021. India has reported 19.5 million 
cases till date with more than 215,542 patients succumbing 
to this disease (https://​www.​world​omete​rs.​info/​coron​avirus/​
count​ry/​india/).

This novel strain of SARS-CoV-2 apart from causing 
pneumonia is also reported to cause strokes, renal failure, 
cardiomyopathy, venous thrombosis, and vasculitis [3, 4]. 
Pneumonia is manifested in infected patients when the 
virus binds to Angiotensin Converting Enzyme 2 (ACE 2) 
receptors [5] COVID-19 patients have decreased CD4 + T 
and CD8 + T cells leading to immunosuppression [6] The 
second severe stage of this disease occurs due to systemic 
inflammation and cardiopathy causing hepatic, cardiac, or 
renal damages [6] Critically ill COVID-19 patients in inten-
sive care units (ICU) or on mechanical ventilation are more 
prone to bacterial or fungal nosocomial infections [7, 8] A 
marked increase in the cases of invasive maxillofacial fungal 
infections like mucormycosis, candidiasis, and aspergillosis 
has been observed in such infected patients. It is pivotal to 
understand these secondary infections and their aetiology 
for optimal management of the patients.

Candida species like C. albicans, C. glabrata, C. tropicalis, 
and C. krusei are normal commensals inhabiting mucosal 
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surfaces like skin, respiratory, urinary, or digestive tracts in 
humans. The patients who are immunocompromised or on 
long-term pharmacotherapies have a tendency to develop 
mucosal candidiasis. Oropharyngeal candidiasis (OPC) 
caused predominantly by colonisation of C. albicans can 
be a cause of morbidity in these patients [9] Mortality rate 
attributed to invasive candidiasis is 19–40%, which can 
increase to around 70% for ICU patients [10, 11] Mucor-
mycosis is a rare fungal disease with rhino-orbital-cerebral 
being the most common type caused by inhalation of spores 
into paranasal sinus of susceptible individuals. Fatality rate 
of this fungal infection is 46% occurring due to vascular 
thrombosis, angioinvasion, and tissue necrosis [12] Asper-
gillosis is another fungal disease invading the sinuses of 
immunocompromised patients, caused by species Aspergillus 
fumigatus [13].

The multitudinous increase of these maxillofacial 
fungal infections in COVID-19 patients in the past 1 year 
has been a cause of concern. The hosts at substantial 
risk of developing these fungal infections could be 
diabetics, immunocompromised individuals, patients on 
corticosteroids, and those with hematologic insufficiencies 
[14] New cases are being diagnosed every day yet they 
are under-reported. In the present manuscript, we have 
systematically reviewed the cases of invasive fungal 
infections affecting maxillofacial region in patients who 
suffered from COVID-19 to enable clinicians and laboratory 
experts to understand the disease pattern and meticulous 
management of these comorbidities.

Methodology

The present systematic review was conducted in accordance 
with PRISMA (Preferred Reporting Items for Systematic 
Review and Meta-analysis) guidelines.

Search strategy

MEDLINE (accessed from PubMed), Cochrane Library, 
Scopus, and Google Scholar were systematically and exten-
sively searched to identify published data on invasive max-
illofacial fungal infections reported in COVID-19 patients. 
Search strategy was implemented using keywords such as 
‘Maxillofacial’; ‘Oral’; ‘Head & Neck region’; ‘Fungal 
Infections’; ‘COVID 19’ in combination with Boolean 
Operators ‘AND’ and ‘OR’. All the manuscripts published in 
English language till the month of April 2021 were reviewed 
for inclusion in the study. Attempts were also made to screen 
grey literature and references of all the manuscripts to obtain 
additional data for the present review.

Inclusion and exclusion criteria

Manuscripts with information about fungal infections 
like candidiasis, mucormycosis, aspergillosis and others 
affecting the maxillofacia region of patients suffering from 
COVID-19 were included in the present review. Only case 
reports, case series, or retrospective studies reporting cases 
were included.

The studies which discussed about fungal infections of 
other locations, those with doubtful diagnosis, the studies 
reporting non-fungal infections, not relating to epidemiolog-
ical or clinical interests of study or manuscripts in language 
apart from English were excluded.

Data extraction

Data from the studies was extracted by two reviewers indepen-
dently. They screened all the titles and the abstracts obtained 
by applying the search strategies and inclusion criteria. Full 
manuscripts were obtained for the studies that appeared to 
meet inclusion criteria or in case of any uncertainty. Disagree-
ment was resolved through discussions. A third reviewer was 
approached to resolve any divergence in opinions amongst the 
two main reviewers. Authors were not blind to journal titles 
or to authors or their institutions. The manuscripts included 
were reviewed for the type of fungal infections, site, gender, 
clinical presentation, and management. Though the quality 
assessment could not be done formally for all the studies, the 
findings were tabulated and synthesised narratively.

Risk of bias was evaluated using MINOR’s checklist for 
non-randomised studies. It was evaluated for two studies as 
the rest of the included studies were case reports.

Results

A total of 315 manuscripts were retrieved after the initial 
search using the abovementioned keywords, out of which 
295 articles were rejected after screening the titles and 
abstracts. Full texts of a total of 20 articles were reviewed for 
inclusion in the review. Another nine studies were excluded 
because they either were reviews or discussed about infec-
tions of regions other than maxillofacial areas. Hence, a total 
of 11 studies were systematically reviewed [15–25]. The 
characteristics of included studies are depicted in Table 1. 
The results of the systematic literature search have been 
depicted in Fig. 1.

According to the data extracted from the final 11 man-
uscripts, invasive fungal infections have been reported in 
the COVID-19 patients in the maxillofacial region which 
included oral cavity along with rhino-orbito-cerebral 
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complex. Out of the 81 cases reported, 21 cases were of 
mucormycosis, 58 were candidiasis, and 1 each of asper-
gillosis and mixed infection. It was observed that oral 
candidiasis was more common in the patients followed by 
mucormycosis of rhino-cerebro-orbital region. Aspergillosis 
and mixed fungal infection of orbital and maxillary region 
was observed. Age group affected by maxillofacial fungal 
infections ranged from 33 to 73 years with males being pre-
dominantly infected. Majority of the patients who developed 
maxillofacial fungal coinfections were either diabetic, suffer-
ing from cardiovascular diseases or on corticosteroids. Only 
one patient was reportedly suffering from hypothyroidism. 

The treatment provided to the patients included antifungals 
like Fluconazole (Zoltec® 200 mg/100 mL) or oral Nystatin 
(100,000 IU/mL, 8/8 h, for 30 days) [15, 17, 23, 25]. For 
the infections involving oral cavity, patients were advised 
to maintain good oral hygiene, use chlorhexidine digluco-
nate (0.12%) mouth rinses, and apply 1% hydrogen peroxide 
daily.

Out of the studies included, 2 are non-randomised studies 
for which risk of bias is depicted in Table 2. The rest nine 
studies were case reports for which risk of bias could not 
be assessed. There is no significant risk of bias amongst the 
studies analysed.

Table 1   Characteristics of studies included in the systematic review

S. No Author and year No. of patients Mean age (years) Gender Site Fungal infection

1 Bhagali R et al. [15] (April 
2021)

India

1 42 Male Retina Candidiasis

2 Dallalzadeh LO et al. [16]
(March 2021)

2 - - Rhino-orbital cerebral Mucormycosis

3 Moorthy A et al. [17] 
(March 2021) India

16 35–73 2 Females 
and 14 
males

Orbital and maxillary Mucormycosis

1 52 Female Aspergillosis
1 45 Male Mixed fungal infection

4 Zesemayat K Mekonnen 
et al. [18] (Nov 2020) 
California

1 - - Rhino-orbital Mucormycosis

5 Amanda Werthman Ehren-
reich et al. [19] (Sept 
2020)

Buffalo, USA

1 33 Female Rhino-orbital-cerebral Mucormycosis

6 Salil Mehta and Abha 
Pandey [20]

(Sept 2020) India

1 60 Male Rhino-orbital Mucormycosis

7 Abanoub RIAD et al. [21] 
(Aug 2020)

Czech Republic

1 47 Female Oral cavity — dorsal sur-
face of tongue and palate

Candidiasis

8 Amorim Dos Santos et al. 
[22]

(August 2020)
Brazil

1 67 Male Oral Candidiasis

9 Jairo Corchculo and Francis 
Chavier Ulloa [23]

(Aug 2020) Columbia

1 40 Female Oral cavity — attached 
gingiva of lower 1st pre-
molar and lateral border 
of tongue

Candidiasis

10 Milagros Dias Rodriguez 
et al. [24]

(Aug 2020)
Spain

1 78 Female Oral cavity — tongue, pal-
ate, commissures

Pseudo membrane Can-
didiasis

11 Mohammadreza Salehi 
et al. [25]

(July 2020)
Iran

53 27–90 23 males
30 females

Oropharyngeal areas Candidiasis
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Discussion

The novel strain of coronavirus of family Coronaviridae, 
order Nidovirales comprising large, single, plus stranded 
RNA as their genome has caused a worldwide pandemic 
burden along with life-threatening outcomes [26]. This virus 
has special abilities to dysregulate the host immune mecha-
nisms. These impaired cell-mediated immune responses 
and overexpression of inflammatory cytokines cause enor-
mous collateral damage increasing the morbidity and mor-
tality associated with the COVID-19 pandemic. Also, the 

COVID-19 patients with immunocompromised states like 
neutropenia, inherited immunodeficiencies, HSCT, tumours, 
or long-term corticosteroid administration have increased 
likelihood of fungal coinfections [9]. Little is discussed in 
literature about these fungal infections damaging the maxil-
lofacial regions and the oral cavities of COVID-19 patients, 
although such cases are multiplying every day. Sepsis asso-
ciated with COVID-19 can damage the mucosal barriers 
and translocation of concentrated fungus in blood leading 
to fungemia [27], which can also prove to be lethal for the 
patients when it involves the maxillofacial region. Despite 
the minacious consequences, these fungal infections are 

Fig. 1   Flow diagram of study 
selection process

Table 2   Risk of bias assessment S. No Methodological items Moorthy A et al. [17] Mohammadreza 
Salehi et al. [25]

1 A clearly stated aim Yes Yes
2 Inclusion of consecutive patients Yes Yes
3 Prospective collection of data No Yes
4 End points appropriate to aim of study Yes Yes
5 Unbiased assessment of study endpoint Yes Yes
6 Follow up period appropriate to aim of study Yes Yes
7 Loss to follow up less than 5% Yes Yes
8 Prospective calculation of study size No No
9 An adequate control group Not applicable Not applicable
10 Contemporary groups Not applicable Not applicable
11 Baseline equivalence of groups Not applicable Not applicable
12 Adequate statistical analysis Yes Yes
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often misdiagnosed or missed in COVID-19 patients. Hence, 
we conducted this systematic review to bring to light the 
kinds of fungal infections reported in COVID-19 patients, 
their clinical picture, associated risks, diagnostic methods, 
and treatment modalities. According to the present review, 
total 81 cases of mucomycosis, candidiasis, and aspergillosis 
of maxillofacial region have been reported in COVID-19 
patients [15–25].

Mucormycosis is a rare and fatal deep fungal infection 
occurring in rare and aggressive forms caused by the family 
Mucoraceae which is difficult to diagnose [28]. This fungus 
is a usual commensal of nasal mucosa. The fungal spores 
germinate into hyphae on entering the tissues of hosts initiat-
ing clinical symptoms and causing infection in immunocom-
promised individuals with defective phagocytic functions 
[29] Impaired phagocytic function and increased hyphae 
levels cause thrombosis, ischemia, infarction, and tissue 
necrosis. Fungal spores, in patients with diabetic ketoaci-
dosis, severe burns, tumours, organ transplants or those on 
corticosteroids, can germinate in nasal cavity, paranasal 
sinuses to palate, orbit and even the brain, leading to death 
sometimes [30] There are six clinical forms of mucormy-
cosis, most common being the rhino-cerebro-orbital form 
(44–48%) followed by the cutaneous variety (10–19%), 
then pulmonary (10–11%), disseminated (6–10%) and last 
being the gastrointestinal form (2–11%) [31, 32] In the pre-
sent review, we observed 21 cases of rhino-cerebro-orbital 
mucormycosis in COVID-19 patients. Majority of cases 
were reported in patients who had history of diabetes or 
were on corticosteroid therapy [16–20]. Incidence of muco-
mycosis is independent of age- or gender-related factors, 
though in this study a greater number of males were report-
edly affected which could have been due to more prevalence 
of COVID-19 amongst males [17, 20] Signs and symptoms 
reported by majority of the patients included in this review 
were fever, headache, orbital cellulitis with palpebral edema, 
ptosis, ophthalmoplegia, unilateral facial swelling and swell-
ing in premaxillary, malar and retrobulbar region [16–20]. 
Delay in treatment of mucormycosis for even a week doubles 
the mortality rate from 35 to 66% and makes the prognosis 
poorer [19].

Candidiasis is the most common type of superficial fun-
gal infection. Candida species is a frequent inhabitant of 
oral mucosa, but its growth is inhibited by other organisms 
in the body that prevents any pathological alteration of 
mucosa by this fungus. Candida albicans is the most preva-
lent yeast species followed by Candida glabrata, Candida 
krusei, Candida tropicalis, and Candida stellatoidea [14]. 
According to this systematic review, 57 cases of oral can-
didiasis and one case of candida retinitis have been observed 
in patients undergoing treatment for COVID-19. Infection 
with coronavirus triggers an exaggerated immune response 
and inflammatory cascade, but the exact mechanism of the 

immune-mediated pathways leading to COVID-19 asso-
ciated candidiasis is not very clear. Increased neutrophil-
to-lymphocyte ratio, monocyte-derived macrophages, and 
reduced expression of human leukocyte antigen DR on the 
monocytes observed in severe cases of COVID-19 can be 
indirectly related to systemic candida infections [33, 34] 
Systemic medications such as antibiotics, immunosup-
pressants, and anti-cholinergic drugs, diabetes mellitus, 
nutritional disorders, endocrinopathies, malignancies, or 
decreased salivary antimicrobial proteins are amongst the 
classical risk factors that can cause invasive candidiasis in 
COVID-19 patients rather than just the disrupted immune 
mechanisms [35, 36] Pseudomembranous, hyperplastic, and 
erythematous are the three major forms of oral candidiasis. 
Majority of the patients in our study reported pseudomem-
branous kind of candidiasis presenting as yellowish-white 
scrapable plaques on oral mucosal surfaces, tongue and pal-
ate being the most affected sites. From this study we also 
observed that pseudomembranous candidiasis developed in 
patients in around 7–8 days of getting infected with corona-
virus. It was also noticed that more cases occurred in elderly 
patients, those above 50 years of age. In our review, oral and 
retinal candidiasis was seen in COVID-19 patients who were 
either diabetic, having cardiovascular diseases, hypothyroid-
ism, on corticosteroids or in ICU settings which is in accord-
ance with other studies that reported fungal coinfections of 
other sites [3, 8, 37, 38].

Aspergillosis is an opportunistic infection being the 
second most common kind of oral and maxillofacial mycosis 
[39] The species that most frequently causes infection is 
Aspergillus fumigatus followed by Aspergillus niger, 
Aspergillus flavus, and Aspergillus terreus [40]. This fungus 
invades vascular tissues causing thrombosis and infarction. 
Aspergillosis can be invasive, destructive non-invasive and 
non-invasive. Invasive aspergillosis is characterised by 
invasion of the yeast into tissues with slowly progressive and 
destructive or highly aggressive and lethal infections [41]. 
Aspergillosis of maxillary sinus invades oral tissues causing 
palatal infarctions and also disseminating into systemic 
circulation at times. Immunocompromised individuals are at 
a higher risk of developing this infection. There was just one 
case of aspergillosis of maxillofacial region in COVID-19 
patient reported who was an immunocompromised elderly 
female having diabetes and was on corticosteroid therapy 
[17].

Early diagnosis and prompt management is mandatory for 
these maxillofacial fungal coinfections to improve the prog-
nosis and decrease the morbidity in patients suffering from 
COVID-19. Computed tomography (CT) is the main diag-
nostic tool to assess mucormycosis involving sinuses, and 
the extent of spread beyond sinus is confirmed by magnetic 
resonance imaging (MRI). Definitive diagnosis is achieved 
by histologic examination (non-septate hyphae that branch 
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at 90 degree), culture and KOH examination [28] Aspergil-
losis of maxillofacial region is also diagnosed by histologi-
cal examination which shows fungal hyphae branching at 
45 degree, conidiospores and fruiting bodies [41] Definitive 
diagnosis for oral candidiasis can be made by exfoliative 
cytology, microbiological culture, potassium peroxide stain-
ing, salivary assay, or oral mucosal biopsy [42] Manage-
ment of mucormycosis can be both medicinal and surgical. 
Liposomal Amphotericin B and oral fluconazole are used for 
prophylactic management against all fungal hyphae [20, 43]. 
Oral candidiasis can be treated using 10 mg clotrimazole 
tablets or oral nystatin suspension (400,000–600,000 IU/ml) 
as oral rinses [23, 25] Flucystine is administered for treat-
ment of the systemic candidiasis [25]. Antifungal therapy 
of 200 mg of fluconazole tablets on the first day followed by 
100–200 mg fluconazole daily for 7–14 days is provided for 
management of fungal coinfections [25, 42, 44]. Surgical 
management of mucormycosis includes resecting infected 
and necrotic tissues extensively to reduce the fungal load. 
Surgical debridement provides adequate tissues for biopsy 
also, to histopathologically confirm the diagnosis of fungal 
infection. Dissection is continued until normal perfused tis-
sue is reached since bleeding from affected tissues is less 
likely because of thrombosis of vessels. In extensive cases 
of involvement of maxilla, palate, nasal cartilage, or orbit, 
additional surgeries may be required. Orbital decompres-
sion or exenteration can be done in cases of orbital involve-
ment. Partial or total maxillectomy, craniectomy with cra-
nial prosthesis insertion, ethmoidectomy are other treatment 
modalities which may cause significant disfigurement but 
are imperative in certain cases. Immediate reconstruction 
after deep resection is recommended to decrease exposure 
of vital tissues and tissue atrophy [45–47]. Similar treatment 
modalities for the management of 81 cases are assessed in 
our review. It was observed that nine patients of mucormy-
cosis did not survive despite the therapy provided, due to 
cerebral oedema and other complications arising from fungal 
coinfections [17, 19, 20]. Cerebral oedema observed in the 
patient later evolved into multiple encapsulated fluid collec-
tions in bifrontal region which further complicated the case. 
Also, corticosteroids administered to mucormycosis patients 
suppressed their immunity making them prone to second-
ary infections. The limitation of the present study is that 
it includes only case reports and case series due to limited 
reporting of literature but rapidly increasing cases of fungal 
infections in COVID patients today are a matter of great 
concern. The high mortality rate of this disease makes early 
intervention by systemic antifungals, aggressive surgical 
debridement and management of underlying co-morbidities 
essential for survival of COVID-19 patients.

Conclusion

COVID-19 pandemic has caused a great havoc on health 
and social well-being of individuals worldwide since March 
2020. From the present review, we summarise that COVID-
19 can be associated with significance incidence of maxil-
lofacial fungal coinfections which can prove to be life threat-
ening. Clinicians must be aware of likelihood of this mycosis 
particularly in patients with pre-existing risk factors. All the 
patients should be closely monitored for immunosuppression 
sequelae following completion of treatment. It is pivotal to 
assess these risk factors, type of mycosis, and diagnostic 
methods and provide immediate management in to signifi-
cantly reduce the morbidity and mortality occurring from 
these fungal coinfections.
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