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Abstract

Objectives Patients with coronavirus disease 2019 (COVID-19) are at increased risk of opportunistic fungal infections.
This study aims to identify fungal pathogens among COVID positive and negative patients, assess their antifungal sus-
ceptibility and evaluate biofilm forming ability of Candida spp. A cross-sectional study was conducted among sputum
samples from 135 COVID positive and 101 COVID negative cases. Fungal pathogens were identified by conventional
culture methods. Antifungal susceptibility test of Candida isolates was done by disc diffusion method and biofilm
production by microtiter plate method.

Results The prevalence of fungal pathogens among COVID-positive and negative cases was 6.70% and 22.77%
respectively. In COVID positive cases, Candida albicans (33.33%) was predominantly followed by Aspergillus flavus
2(22.22%) and Candida tropicalis, Mucor spp. and Aspergillus fumigatus. In COVID negative cases, Candida albicans
(69.60%) prevailed followed by Trichosporon spp., Candida parapsilosis, Mucor and Alternaria. Age and gender were

not associated with fungal infection. Most Candida spp. were susceptible to miconazole but resistant to ketoconazole.
To the best of our knowledge, this study represents the first report from Nepal on critical and high priority fungal
pathogens categorized by WHO. With fungal infections on the rise, enhanced clinical vigilanceand antifungal suscep-
tibility testing are warranted.
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Introduction

The novel severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) pandemic, declared a global emer-
gency by WHO on 11 March, 2020, has led to an alarming
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cytokines as well as decreased CD4 and CD8 T-cells,
appear to be more vulnerable to invasive fungus co-infec-
tions (IFI) [4]. The commonly reported COVID associ-
ated fungal pathogens include Aspergillus spp., Mucor
spp., Candida spp., Rhizopus spp., Coccidioides, Cryp-
tococcus, Saccharomyces cerevisiae, Histoplasma spp.,
Pneumocystis etc. [5, 6].

The identification of 19 fungal priority pathogens cat-
egorized by WHO as having the greatest public health
threat underscores the urgency of addressing fungal
infections [7]. Early diagnosis, proper treatment and
surveillance might be breakthrough needed to reduce
the fatality rate of secondary infections in COVID-19
patients [8]. Furthermore, previously neglected fungal
pathogens have emerged as opportunistic pathogens
[9, 10]. While antibiotic resistant bacteria from various
clinical specimens have been previously reported, there
is limited data on antifungal resistance of fungal patho-
gens from Nepal [11-13]. Therefore, this study aims to
determine the prevalence of fungal pathogens and iden-
tify the types of fungi among COVID positive and nega-
tive patients. This study will also assess the antifungal
susceptibility pattern and biofilm forming ability of the
isolated Candida spp. Identification of etiological agents
of secondary infections is important to timely combat
their complications and helps determine the appropriate
treatment regimens. By presenting these findings, we aim
to contribute valuable insights into the prevalence and
characteristics of fungal pathogens in the Nepalese con-
text. This study not only sheds light on the current sce-
nario but also lays the foundation for future research and
strategic interventions to enhance the understanding and
management of fungal infections.

Methods

Study design

This hospital based cross sectional study was conducted
from July 2022 to July 2023 at Bhaktapur Hospital, Bhak-
tapur, and Central Department of Microbiology, Trib-
huvan University (TU), Kirtipur, Kathmandu Nepal.
Bhaktapur hospital is a referral hospital located at Bhak-
tapur district to which COVID suspected cases were
referred from other hospitals and health centres within
Bhaktapur district. Sample collection and processing of
samples for culture and identification of fungi was done
at Bhaktapur hospital. Antifungal susceptibility testing
and detection of biofilm formation was done at Central
Department of Microbiology, TU.

Study population
Patients visiting Bhaktapur Hospital confirmed as
COVID positive by laboratory through either rapid
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antigen test (SURE STATUS), or PCR (XABT) were
included in the study.

Patients with COVID negative results as confirmed
by laboratory and suspected of fungal infections by the
attending doctors were also included. Considering the
estimated prevalence of fungal infection in COVID cases
(p) to be 4% with a 95% confidence interval (z), and a 5%
maximum tolerable error, the minimum sample size cal-
culated was 30 [14]. However, all the COVID positive
cases (n=131) and COVID negative cases (n=101) visit-
ing the hospital during the study period were included in
the study.

Sample collection and transportation

Sputum samples were collected from patients request-
ing the culture; both from COVID-positive and nega-
tive cases. Each patient was instructed to cough
vigorously and collect the sputum not saliva preferably in
the morning in a clean, dry, sterile, and leak-proof wide-
mouth container. The samples were immediately trans-
ported to the laboratory and processed for fungal culture
and antifungal susceptibility testing.

Culture of specimen

Each sample was processed for fungal culture by follow-
ing standard microbiological techniques. The collected
specimen was immediately inoculated on two Sab-
ouraud’s Dextrose Agar (SDA) plates. One SDA plate was
used for central point inoculation for the identification of
filamentous fungi and incubated aerobically at 28 °C for
upto 2 weeks. The second SDA plate was streaked and
incubated at 37 °C for 24—48 h aerobically for identifica-
tion of yeast and dimorphic fungi [15].

Identification of fungal pathogens

Identification of fungal pathogens was done by observa-
tion of colony morphology on culture plate (SDA), sim-
ple staining, lactophenol cotton blue staining, Germ tube
test and HiCrome"" Candida differentiation media for
identification of Candida species [16].

Antifungal susceptibility testing

Candida spp. were further processed for antifungal sus-
ceptibility testing by disk diffusion methods in Muel-
ler—Hinton Agar (MHA) supplemented with 2% glucose,
providing a suitable growth for most of the yeasts and
0.5 mg/l methylene blue dye with pH 7.2 to 7.4 following
CLSI guideline (CLSI 2018).

Detection of biofilm production by microtiter plate
method

Biofilm formation was detected by microtiter plate
method. A single colony of each isolate was picked and
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inoculated into tubes containing 2 ml of freshly prepared
Brain Heart Infusion Broth (BHIB) and incubated aero-
bically at 37 °C for 24 h. After incubation, all the broth
cultures were diluted at a ratio of 1:20 using fresh BHIB.
Then, 200 ul of each diluted broth was placed into micr-
otiter plates and then incubated at 37 °C for 24 h. After
complete incubation, the microtiter plates were drained
and rinsed with distilled water three times, inverted to
blot. Then each well was filled with 200 ul of 1% crystal
violet and incubated for 15min. Following incubation,
the microplates were again rinsed three times with dis-
tilled water. Then, 200ul of ethanol: acetone mixture
(80:20w/v) were added to each well and were read at
450nm using an ELISA reader, and optical density (OD)
was recorded for each well. Sterile BHIB without micro-
organisms was used as the negative control [17].

The experiment was performed in triplicate. The cut-
off value was determined by arithmetically averaging the
OD of the wells containing sterile BHIB and by adding
a standard deviation of+2. Samples with an OD higher
than the cut-off value were considered positive, whereas
those with lower optical density than the cut-off was con-
sidered to be negative [18].

Data analysis

The obtained data was entered into SPSS (Statistical
Package for Social Sciences) software. To ascertain the
significance between the study variables, the Chi-square
test was performed and a p-value of<0.05 was consid-
ered to be statistically significant.
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Results

The fungal growth among COVID-positive cases was
6.67% (9/135) and that among COVID-negative cases
was 22.77% (23/101).

Fungal growth in different age groups among COVID
positive and negative cases

The fungi was not isolated from COVID positive chil-
dren (n=2) as well as COVID negative children (n=2).
The fungal infection was more among the senior citi-
zens as compared to other age groups. However, the
association between age-wise distribution of COVID-
positive and COVID negative cases and presence of
fungal growth was not statistically significant indicat-
ing all ages are equally vulnerable to fungal infection
(Fig. 1).

Fungal growth pattern among both gender

in COVID-positive and negative cases

Fungal growth was slightly more among male patients
(both COVID positive and negative) as compared to
female patients. However, there was no significant
association between the gender-wise distribution of
COVID-positive (p=0.848) and COVID-negative
(p=0.451) cases and fungal growth implying that fun-
gal infection may affect both genders equally either
COVID-positive or negative (Fig. 2).

49.51%

5.74%

7.04%

[»)
9.909287%

Fungal culture
positive

Fungal culture
negative

COVID negative cases (n=101)

M Senior Citizens

Fig. 1 Fungal growth pattern among different age groups in COVID-positive and negative cases
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Fig. 2 Fungal growth pattern among both gender in COVID positive and negative cases

Table 1 Distribution of fungal isolates in COVID-positive and
COVID-negative patients

Organism isolated =~ COVID-positive COVID-negative Total

No. (%) No. (%) No. (%)
Candida albicans 3(33.33%) 16 (69.6%) 19 (59.4%)
Candida tropicalis 1(11.11%) 0 1(3.1%)
Candida parapsilosis 0 1(4.3%) 1(3.1%)
Aspergillus flavus 2(22.22%) 0 2 (6.3%)
Aspergillus fumigatus 1 (11.11%) 1(3.1%)
Mucor 1(11.11%) 1 (4.3%) 2 (6.3%)
Unidentified budding 1 (11.11%) 2 (8.7%) 3(9.4%)
yeast
Alternaria 0 1(4.3%) 1(3.1%)
Trichosporon spp. 0 2 (8.7%) 2 (6.3%)
Total 9 (100%) 23 (100%) 32 (100%)

Distribution of fungal isolates in COVID-positive

and COVID-negative patients

Candida albicans and Mucor were isolated from both
COVID-positive and COVID-negative cases. The fungi
categorized as critical priority —Aspergillus fumigatus
and high priority- Candida tropicalis were isolated
from only COVID positive cases. Similarly, Candida
parapsilosis, Alternaria and Trichosporon were iso-
lated only from COVID negative cases (Table 1).

Antifungal susceptibility pattern of Candida spp.

More than 60% of Candida albicans were susceptible
to Miconazole and 38% were resistant to Ketoconazole.
Similarly, both Candida parapsilosis and Candida tropi-
calis were susceptible to Miconazole, dose dependent
susceptible to Ketoconazole and resistant to Nystatin
(Additional file 1: Table S1).

Biofilm production

Out of 21 Candida spp, only one non-Candida albicans
i.e. Candida tropicalis was weak biofilm producer (Addi-
tional file 2: Table S2).

Discussion

Neglected fungi are responsible for taking millions of
lives globally and these trends are also being increased
with COVID-19 complications [19]. Our study focuses
on prevalence of fungal pathogens in both COVID-pos-
itive and COVID negative cases which showed slightly
lower prevalence (6.67%) of fungal pathogens among
COVID positive cases compared to the study conducted
in the United States (13.4%) [20]. In a study conducted
in Egypt, by Negm et al. (2023), secondary fungal infec-
tion was diagnosed in 32.8% of COVID-19 patients. Also,
in a review study conducted by Seyedjavadi et al. (2022)
from 1st January 2020 to 30th November 2021 on dif-
ferent continents, fungus co-infection occurred 49.7%,
23.2%, 19.8%, 6.6%, and 0.5% of COVID positive cases in
Asia, America, Europe, Africa, and Australia, respectively



Lamichhane et al. BMC Research Notes (2024) 17:347

[21]. Different factors including lifestyle, genetic, occupa-
tion, and other unknown factors may have contributed
to the low fungal infection in our study [22]. Literatures
suggest that mutations in nicotinamide adenine dinu-
cleotide phosphate oxidase causes defects in phagocyte
effector function which in turn predispose invasive infec-
tions by filamentous molds [23]. Similarly, IL-12/inter-
feron y signaling abnormalities predispose infections by
dimorphic fungi [24]. Furthermore, impairement in IL-17
signaling has been related to increased susceptibility to
Candida infections [25].The isolation of fungal pathogens
from senior citizens as compared to other age groups in
our study is in agreement with the study conducted by
Seyedjavadi et al. (2022) in different continents (America,
Europe, Australia, Asia, and Africa), where the maximum
fungal coinfection was seen in COVID-related patients
above 50 years of age [32]. Literatures suggest that vari-
ous factors make the condition ideal for fungal infections
in COVID positive cases which include low oxygen con-
ditions due to patient’s hypoxemia, high glucose levels
in case of diabetics, steroid induced hyperglycemia, and
supressed immune response due to virus/ steroid treat-
ment [26]. However, it is quite interesting that our study
showed lower fungal growth in COVID-19 adults and
senior citizens as compared to non-COVID-19 cases.
Provided that COVID-19 further weakens the immune
response increasing the chance of opportunistic fun-
gal infection, it contradicts the general understand-
ing. To better understand the reasons behind the lower
fungal infections in COVID positive cases as compared
to COVID negative cases, further investigations and
analyses using a thorough review of patient characteris-
tics, treatment regimens and immune responses may be
necessary.

In contrast to a review study, showing 72.9% and 25.9%
of fungal infection in males and females respectively,
our study showed that the prevalence of fungal infection
among COVID positive cases was not associated with
gender. A study conducted by Bwire (2020) illustrated
different factors responsible to robust immunity against
COVID-19; Asian men express ACE2 in the lungs sub-
stantially more than Asian women do, according to sin-
gle-cell RNA-sequencing investigations [27]. This genetic
expression and cellular distribution pattern make males
more vulnerable to SARS-CoV-2 infection than women.
The expression of key immune components is increased
in women due to the fact that they have two X chromo-
somes as opposed to one in males, and oestrogen and
progesterone, which are found in female sex hormones,
are also significant in initiating immune signalling and
lowering inflammation. Also, lifestyle factors that include
higher smoking and alcoholism in males were observed
globally than in females. Besides, occupational factors
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and social factors like men are significantly higher in
outdoor activities involving income generation that may
expose them to crowded conditions making more air-
borne exposure [27].

The study conducted by Negm et al. (2023) reported
the predominant fungi in critically ill L.C.U. admit-
ted COVID-positive patient to be Candida followed by
Aspergillus spp. and mucormycosis [19]. Similar to the
present study, the study conducted by Peman et al. (2020)
also reported different species of Candida and Aspergil-
lus infection in COVID positive patients [4]. Similar to
our study, a study conducted by Rafat et al. (2020) in Iran
also confirmed fungal respiratory infection in 35.67%
of the patients with the most predominant fungi being
Candida albicans (37.22%) followed by Candida tropi-
calis (21.89%), Candida glabrata (12.4%), Candida kru-
sei (5.83%), Candida parapsilosis (5.1%), Trichosporon
asahii (2.18%), Geothricum candidum (2.18%), Aspergil-
lus flavus (2.18%), Rhizopus orizae (0.72%), Aspergillus
niger (0.72), Aspergillus fumigatus (0.72%) and Alternaria
alternata (0.72%) [28].

Antifungal susceptibility testing of one Candida albi-
cans out of 19 isolates in this study was not done as it
couldn’t be revived. In contrast to the our study show-
ing higher percentage of Candida albicans to be sus-
ceptible to Miconazole, the study conducted by Njunda
et al. (2012) showed that the highest susceptibility of C.
albicans with ketoconazole [29]. Similar to our study, the
study conducted by Khadka et al. (2017) also illustrated
that Candida isolates (C. albicans, C. tropicalis, C. kru-
sei, C. glabrata) were highly resistant (86%) to ketocona-
zole whereas miconazole was mostly susceptible (44%)
[30]. The study conducted by Tamai et al. (2020) reported
that ketoconazole was susceptible to 31 isolates (62%),
S-DD or intermediate to 5 isolates (10%) and 14 isolates
(28%) were resistant [31]. In the present study among one
each non-germ tube forming Candida species isolated
(Candida parapsilosis and Candida tropicalis), both
showed resistance to nystatin (50mcg), susceptible-dose
dependent to ketoconazole (30mcg) and susceptibility to
miconazole. Fungal growth is supported by the additional
glucose supplementation in the MHA medium, and the
zone edge is improved by the methylene blue dye [32].

Candida biofilms encompass the complex network of
yeast, pseudo-hyphae, and hyphal cells protecting host
immune defence and antifungal drugs [33]. Numerous
studies emphasize the significance of biofilm as the pos-
sible virulence factor influencing microbial invasiveness
and persistence, hence determining the severity of infec-
tion [34]. In our study out of 21 Candida species (both
COVID and non-COVID patients) only one (4.76%)
was a weak biofilm producer while the rest were biofilm
non-producers.
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Opportunistic fungal infections have been estab-
lished in patients due to immune-compromised condi-
tions brought on by COVID-19 infection, the existence
of other co-morbidities and age-related variables. With
the advent of drug-resistant pathogenic fungi, there are
also few trustworthy, inexpensive diagnostic tools and
few therapeutic options, posing a major danger to both
the economy and public health. Therefore, it is essen-
tial that the fungal infection be correctly diagnosed and
that inexpensive, efficient treatments and strategies be
put in place in order to lower the morbidity. To the best
of our knowledge, this is the first report from Nepal
on fungal pathogens categorized as critical and high
priority by WHO. With fungal infections on the rise,
enhanced clinical vigilance and antifungal susceptibility
testing are warranted.

Limitations

The major limitation of our study is the small sample
size, making it difficult to generalize the data. Antifun-
gal susceptibility tests for the molds were not done in
the study. While SDA plates were employed for fungal
culture, certain fungi may demand special techniques.
In future studies, we recommend the use of alternative
methods such as addition of selective media for cul-
ture or PCR to enhance the sensitivity and confirm the
results.
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