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Introduction 
The risk of opportunistic infections in Coronavirus (COVID) 

patients is high because of immune dysregulation and use of 
immuno-modulatory drugs due to the Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS CoV-2) infection. Post-COVID 
secondary infections were observed worldwide and were difficult to 
distinguish between community-associated coinfections or 
Healthcare-Associated Infections (HAIs) [24]. In a review article, 
the frequency of occurrence of fungal co-infections in COVID 
patients was found to be 49.7%, 23.2%, 19.8%, 6.6%, and 0.5% in 
Asia, America, Europe, Africa, and Australia, respectively [23]. 
During the second COVID wave in India, many cases of post-
COVID mucormycosis were increasingly reported in a very short 
time. The factors which facilitate germination of Mucorales spores 
in people with COVID include hypoxia, poorly controlled diabetes 
- including diabetic ketoacidosis, new onset hyperglycemia particu-
larly due to use of steroids - high iron levels and decreased phago-
cytic activity of white blood cells due to immunosuppression which 
may be SARS-CoV-2-mediated, or steroid-mediated, or associated 

to to other comorbidities. Prolonged hospitalization with or without 
mechanical ventilators may also pose a risk factor [12]. There are 
several reports of post-COVID mucormycosis mainly involving 
paranasal sinuses leading to rhino-orbito-cerebral mucormycosis. 
Invasive infections with other fungi like Aspergillus, Candida etc. 
have also been reported to cause both pulmonary and extrapul-
monary infections in post-COVID patients [13]. 

The spurt in cases of post-COVID fungal infections was main-
ly observed during the second COVID wave in India, particularly 
in the months from May to July 2021. Timely intervention in cases 
of mucormycosis is pertinent as these fungi progress very fast and 
cause devastating infections. Microbiology labs have a great role 
to play for the optimum and timely diagnosis of fungal infections. 
Direct microscopic examination of the specimen by fungal KOH 
(20-40%) wet mount examination is crucial for the timely inter-
vention. So, the aim of the present study was to look for the type 
of fungi causing paranasal sinus/pulmonary infections in post-
COVID patients, to study correlation between fungal KOH exam-
ination and fungal culture and to look for the type of mixed fungal 
co-infections in these patients. 
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Summary 
 

Background: the aim of the present study was to look for the type of fungi causing paranasal sinus/pulmonary infections in post-
COVID patients, to study correlation between fungal KOH examination and fungal culture and to look for the type of fungal co-infec-
tions in these patients. 
Material and Methods: this retrospective study was done on patients with post-COVID fungal infections between May 2021 to 
September 2021. The clinic-radiological diagnosis of fungal infection in these patients was confirmed by fungal smear KOH exami-
nation and/or fungal culture of pertinent samples. The demographic and clinical details of these patients were collected from hospital 
medical records. 
Results: a total of 46 patients of post-COVID fungal infections were reported during study period. These were the cases of rhinosi-
nusitis, rhino-sino-orbital and rhino-cerebral fungal infections and fungal pneumonia. Out of 46 samples 28 were suggestive of 
Zygomycetes infection and 18 were suggestive of mixed fungal infection on direct microscopic examination. On fungal culture, recov-
ery of fungi could be done in 40 cases. The number of fungi isolated from 40 samples were 50. Different species of Rhizopus, 
Aspergillus and Fusarium were isolated. 
Conclusions: our study depicts the occurrence of mixed fungal infections in post-COVID patients in India. These infections were 
caused by combination of both Rhizopus and Aspergillus as well as mixture of two different types of Aspergillus species. Our study 
underscores the meticulous utilization of basic microbiological techniques i.e., fungal KOH mount and fungal culture for the optimal 
isolation and identification of mixed fungal infections.
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Materials and Methods 
This is a retrospective study conducted in the Department of 

Microbiology at Indraprastha Apollo Hospitals, New Delhi. This 
study was done on patients with post-COVID fungal infections 
between May 2021 and September 2021. Only the lab-confirmed 
cases were considered in the study. These were the patients in 
whom clinicoradiological diagnosis of Fungal infection was con-
firmed by fungal smear KOH examination and/or fungal culture. 
The demographic and clinical details of these patients were col-
lected from hospital medical records. The permission to collect ret-
rospective data was taken from the institute. The various samples 
received for fungal examination included paranasal sinus secre-
tions, pus, tissue from paranasal sinus or rhino-cerebro-orbital 
region depending upon the site and extent of involvement and 
bronchoalveolar lavage. These samples were mainly collected 
through endoscope. Fungal KOH mount was made using 20% to 
40% KOH with or without Dimethyl Sulfoxide (DMSO) depend-
ing upon the type of sample. Fungal culture was done on 
Sabouraoud’s Dextrose Agar (SDA) in duplicate and incubation 
was done at 25ºC and 37ºC. In case of tissue samples, minimal tis-
sue handling was done and two plates of Columbia Blood Agar 
were also inoculated and kept at 25ºC and 37ºC. On Fungal KOH 
examination, the presence of broad, sparsely septate or non septate 
fungal hyphae with wide angle branching was suggestive of 
mucormycosis; presence of thin, septate hyphae with acute angle 
branching was suggestive of other Hyalohyphomycetes, mainly 
Aspergillus. The identification of fungi grown in fungal culture 
was done by Lactophenol Cotton Blue (LPCB) mount/slide cul-
ture/Matrix Assisted Laser Desorption Ionisation Time of Flight 
(MALDI-TOF). All necessary biosafety and aseptic precautions 
were taken during processing. A correlation between fungal KOH 
and fungal culture was carried out. Mixed fungal co-infections 
were also studied in which fungal KOH and/or fungal culture were 
suggestive of two or more types of mycelial fungi. 

Results 
A total of 46 patients of post-COVID fungal infections were 

reported during study period. The site of infections were paranasal 
sinus, eye orbit, cerebrum and lungs. The samples from these patients 
either showed presence of fungal hyphae in the direct microscopic 
examination by fungal smear KOH examination or showed growth of 
fungi in fungal culture along with presence of fungal hyphae in direct 
microscopic examination. Out of 46 samples with presence of fungal 
hyphae on direct microscopic examination, 26 were suggestive of 
zygomycosis (Supplementary Figure 1) and 20 were suggestive of 
mixed fungal infection (Supplementary Figure 2). On fungal culture, 
recovery of fungi could be done in 40 cases. The number of fungi iso-
lated from 40 samples with fungal growth were 50.  

These fungi comprised of Rhizopus sp., Aspergillus sp. and 
Fusarium sp. (Supplementary Figure 3). The frequency of occur-
rence of different type of fungi is depicted in Table 1. 

The frequency of occurrence of various types of fungi with 
respect to site of infection is depicted in Table 2. The frequency of 
occurrence of different Aspergillus sp. with respect to site of infec-
tion is depicted in Table 3. 

The correlation results of fungal smear KOH examination and 
fungal culture are depicted in Table 4. 
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Table 1. Type and number of fungi in post-COVID fungal infections. 

Type of fungi                            Number of isolates (%) 
Rhizopus oryzae complex                               24 (48%) 
Rhizopus homothallicus                                   01 (2%) 
Aspergillus flavus                                            11 (22%) 
A. fumigatus                                                    06 (12%) 
A. niger                                                            05 (10%) 
A. terreus                                                          01 (2%) 
A. nidulans                                                       01 (2%) 
Fusarium sp.                                                    01 (2%)

Table 2. Frequency of occurrence of different fungal species with respect to site of infection. 

                                                  Rhizopus                      Aspergillus            Mixed fungal growth            Fusarium                   No growth 
                                                                                                                  (Rhizopus and Aspergillus  
                                                                                                                or mixed Aspergillus species)               
Rhinosinusitis                                        09                                        07                                        06                                        01                                     03 
Rhinosinoorbital                                    06                                          -                                          02                                          -                                       02 
Rhinocerebral                                         01                                        03                                        02                                          -                                        - 
Fungal pneumonia                                 02                                          -                                          01                                          -                                       01 
 
 
 
Table 3. Frequency of occurrence of different Aspergillus sp. with respect to site of infection. 

                                                  A. flavus                         A. niger                      A. fumigatus                   A. nidulans                   A. terreus 
Rhinosinusitis                                        06                                        05                                        04                                        01                                      - 
Rhino-sino-orbital                                  01                                          -                                           -                                           -                                        - 
Rhinocerebral                                         03                                          -                                          02                                          -                                       01 
Fungal pneumonia                                 01                                          -                                           -                                           -                                        -
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The isolation of combination of different species of Aspergillus 
was also observed in three cases. These were mixture of A. niger 
and A. flavus, A. flavus and A. fumigatus, A. fumigatus and A. ter-
reus. The species of Aspergillus which were isolated amongst four 
cases where direct microscopic examination was suggestive of 
zygomycosis but growth of Aspergillus were A. fumigatus (02), A. 
flavus (01) and A. niger (01). 

 
 

Discussion 
During the pandemic, opportunistic fungal co-infections in 

many COVID patients were reported globally. The prevalance of 
fungal infections after the start of the COVID pandemic in the 
United States increased by 9% annually between 2019-2021 [21]. 
The first cases of COVID Associated Pulmonary Aspergillosis 
(CAPA) and COVID-Associated Mucormycosis (CAM) were both 
reported from China [4,8]; this was followed by studies from 
Europe and America, reporting cases of COVID associated 
mucormycosis [5,15,18]. 

Iran was the first Asian country to report 15 cases of CAM dur-
ing the first wave from April to September 2020 [17]. Other Asian 
countries like Pakistan, Nepal, Bangladesh also reported cases of 
secondary fungal infections in COVID patients [18]. India made it 
to the headlines due to a huge spurt in cases of CAM during the 
second wave of pandemic from May 2021.The central government 
of India declared a mucormycosis epidemic on May 10, 2021. 
When compared to other developed countries, the prevalence of 
mucormycosis in India is 80 times higher [3]. India reported 
>47,500 cases of CAM from May to August 2021(https://govern-
mentstats.com/mucormycosis/index.html).This higher number of 
cases in India can be attributed majorly to the diabetic burden of its 
population. In high-income countries the site of mucor involve-
ment is either pulmonary or disseminated, which are difficult to 
diagnose as the clinical and radiological pictures overlap with that 
of COVID, unlike the pattern observed in India and other middle 
and low income countries where majority of CAM cases presented 
with rhino-orbital mucormycosis or rhino-orbital-cerebral 
mucormycosis, with distinct clinical presentation. Therefore, it is 
likely, the true burden of CAM in high income countries is under-
estimated, due to lack of diagnosis [4,21]. 

The present study was conducted to study the epidemiology of 
fungal infections in post-COVID patients especially with respect 
to second COVID wave in India. In our study we have found that 
post-COVID fungal infections were caused by both Mucorales and 
Aspergillus. Amongst 40 patients with both fungal smear and fun-

gal culture proven infection, the maximally isolated fungi was 
Rhizopus followed by Aspergillus and Fusarium. Mixed fungal 
infections by Rhizopus and Aspergillus species and also by two dif-
ferent Aspergillus species were also observed. Rhizopus oryzae 
complex (50%) was the most commonly isolated fungal species 
followed by Aspergillus flavus (18.7%). The site most commonly 
affected was paranasal sinus (rhinosinusitis, rhinosinoorbital, 
rhinocerebral) and a few cases of lung involvement (pneumonia) 
were also seen. In a review study of post-COVID fungal infections 
of maxillofacial region, out of the 81 cases reported, twenty-one 
cases of mucormycosis, 58 of candidiasis, and one each of 
aspergillosis and mixed infection were observed in the region of 
head and neck [10]. Sharma S. et al. reported 23 cases of post-
COVID mucormycosis of the paranasal sinuses over the four-
month study period [22]. The majority of the studies during that 
period focussed on mucormycosis based on radiological feature, 
fungal smear examination and histopathological examination 
[11].We want to emphasize the ocurence of mixed fungal infec-
tions in cases of post-COVID fungal infections. Like in our study, 
infections with both Zygomyctes and/or Aspergillus were also 
reported by Garg et al. In their study amongst 10 post-COVID 
patients with sinusitis and ophthalmic complications, presence of 
broad, sparsely septate hyphae with growth of Mucorales 
(Rhizopus oryzae) was seen in seven patients; thin septate hyphae 
with growth of Aspergillus sp was seen in two cases and mixed 
type of hyphae with growth of Aspergillus was seen in one case 
[8]. In a study by Lall M. et al, out of ten fungi, six were Rhizopus, 
one was Mucor and three were Aspergillus [14]. 

In our study, the isolation of combination of two different 
Aspergillus species were also seen in three patients. Tabarsi P. et al. 
reported a single case of COVID associated acute rhinosinusitis 
caused by two Aspergillus species i.e. A. flavus and A. niger [25]. 
COVID-associated pulmonary Aspergillosis by combination of A. 
fumigatus/A. flavus and A. flavus/A. niger are also reported [5,17]. 
There are reports of mixed fungal infections in COVID patients 
but mixed fungal infections with mixture of Aspergillus species is 
scarce and is an interesting area of research. 

In our study, the isolation of five different types of species of 
Aspergillus were seen i.e. A. flavus, A. niger, A. fumigatus, A. nidu-
lans and A. terreus. The reports of A.terreus causing fungal co-
infections in COVID patients are scarce worldwide. Lall M. et al. 
reported isolation of one A. terreus in post-COVID fungal infec-
tions [14].Abdalla et al. also reported isolation of A. terreus in a 
case of pulmonary fingal infection in COVID patient. 

We have also observed isolation of Fusarium in a case of post-
COVID rhinosinusitis. The isolation of Fusarium sp. has been 
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Table 4. Correlation between direct microscopic fungal smear KOH examination and fungal culture. 

Correlation between direct microscopic fungal smear KOH examination and fungal culture                                                       Number 
Number of samples with direct microscopic examination suggestive of Zygomycosis and growth of Mucorales                                                                16 
Number of samples with direct microscopic examination suggestive of Zygomycosis and growth of both Mucorales and Aspergillus                              06 
Number of samples with direct microscopic examination suggestive of Zygomycosis and growth of Mucorales                                                                 04 
Number of samples with direct microscopic examination suggestive of mixed fungal infection and growth of both Mucorales and Aspergillus               03 
Number of samples with direct microscopic examination suggestive of mixed fungal infection and growth of only Mucorales                                          02 
Number of samples with direct microscopic examination suggestive of mixed fungal infection and growth of only Mucorales                                          08 
Number of samples with direct microscopic examination suggestive of mixed fungal infection and growth of only Fusarium                                           01 
Number of samples with direct microscopic examination suggestive of mixed fungal infection or Mucorales but no growth on fungal culture                06



mentioned in a case of fungal pneumonia by Casalini G. et al. in 
their narrative review on invasive fungal infections complicating 
COVID [2]. In their review, secondary invasive fungal infections 
in post-COVID patients include Pneumocystis jirovecii pneumo-
nia, Cryptococcosis, Histoplasmosis, Coccidioides infection, pul-
monary infection due to Fusarium spp., and pulmonary infection 
due to Scedosporium apart from Rhizopus and Aspergillus [2]. 
Barberis F. et al. reported a fatal case of invasive fusariosis due 
to F. verticillioides in an immunocompetent patient with severe 
COVID [1]. 

In our study, paranasal sinuses were involved in most of the 
cases (91.3%) of post-COVID fungal infections. Pulmonary fungal 
infections were seen in 8.6% cases. Similar finding was also 
observed by other authors during the current epidemic [12]. 

In our study, fungal growth was not observed in 13% cases 
despite direct demonstration of fungi on microscopic examination. 
This can be because of loss of viability due to prior use of antifun-
gal before the collection of sample or may be due to oozing out of 
cytoplasm while handling specimen in case of Mucorales. Mohanti 
A. et al. found a moderate agreement between culture and KOH 
microscopy (Kappa=0.5) [16]. The fungal culture positivity rate in 
the study by Lall M. et al. was found to be 50%.19 Hence, direct 
microscopic examination is a cost-effective and rapid tool for the 
early detection of presence of fungi in a clinical sample. This old-
aged technique played a prudent role for the diagnosis of post-
COVID fungal infections. But, at the same time fungal culture is 
the gold standard for the definitive differentiation and identifica-
tion of the fungi and also with fungal growth antifungal suscepti-
bility testing may be performed. Also, the addition of DMSO in 
KOH was found to be very useful especially in tissue samples as it 
significantly decreased the dissolution time of tissue and wet 
mount examination could be performed immediately without wait-
ing for dissolution. Hence, fungal KOH and culture are supple-
mentary to each other and both tests should be performed for the 
diagnosis of any kind of fungal infection. 

In our study, the disparity between fungal KOH examination 
and fungal culture was mainly because of mixed fungal infections. 
The possibility of mucormycosis along with Aspergillus was there 
in the cases where direct microscopic examination was suggestive 
of Mucorales but culture showed growth of Aspergillus only. 
Sterile fungal culture with positive microscopic examination 
strongly suggests the possibility of Mucorales. 

Molecular testing may be helpful for the identification of fungi 
directly from the sample especially in the scenario of negative cul-
ture despite the demonstration of fungal hyphae in the sample. But, 
again caution should be taken while interpreting findings of molec-
ular results because of the likelihood of false positive results due 
to existence of fungal spores in the environment. 

The limitation of our study is that we have not included blood 
stream infections caused by yeasts in our study. Also, the data with 
respect to serological/molecular tests for diagnosis of fungal infec-
tions was not considered. Our study mainly focusses upon mycelial 
fungi causing paranasal sinus and lung infections. 

 
 

Conclusions 
Our study depicts the occurence of mixed fungal post-COVID 

infections during the second COVID wave in India. Post-COVID 
fungal infections may be caused by combination of both Rhizopus 
and Aspergillus as well as mixture of two different types of 

Aspergillus species. Invasive fungal infections due to other species 
of fungi like Fusarium may also occur in post-COVID patients. 
Hence, broad spectrum antifungal agents should be used keeping 
the possibility of mixed fungal infections. Direct microscopic 
examination of KOH wet mount is a simple and easy method for 
the demonstration of fungi and it gives clue about the type of fungi 
causing infection including mixed infection. Fungal culture is 
essentially required for the definitive identification of fungi, how-
ever, there is a possibility of sterile fungal culture especially in 
case of Mucorales infection. Thus, fungal KOH and culture both 
are pivotal for the optimal diagnosis of infection. 
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Online supplementary material: 
Supplementary Figure 1. Fungal KOH examination (400X): Broad, sparsely septate branching fungal hyphae suggestive of Zygomycetes. 
Supplementary Figure 2. Fungal KOH examination (400X): Two types of fungal hyphae- Later grew mixture of Aspergillus niger and Aspergillus flavus. 
Supplementary Figure 3. Lactophenol Cotton Blue mount (400X): Suggestive of Fusarium sp.
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