Post-COVID pulmonary fungal infections: An
unanticipated predicament or a ticking time bomb?
Clinico-microbiological profile of cases encountered during
the second wave of COVID-19 pandemic at a teaching
hospital in the Himalayas with a brief literature review

Oshin Puri’, Mohit Bhatia?, Udayakumar S. Rekha', Deepika Chakraborty?,
Ruchi Dua?, Minakshi Dhar?, Udit Chauhan®, Amber Prasad’,
Deepjyoti Kalita®, Neelam Kaistha®

Department of Microbiology, All India Institute of Medical Sciences, Rishikesh, Uttarakhand, India, ?Department of
Microbiology, Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi, India, *Department of Pulmonary
Medicine, All India Institute of Medical Sciences, Rishikesh, Uttarakhand, India, “Department of Medicine, All India Institute
of Medical Sciences, Rishikesh, Uttarakhand, India, °Department of Radiodiagnosis, All India Institute of Medical Sciences,
Rishikesh, Uttarakhand, India, °Department of Microbiology, All India Institute of Medical Sciences, Guwahati, India

ABSTRACT

Introduction: This study attempts to generate preliminary data regarding post-COVID pulmonary fungal infections,
namely, COVID-19-associated pulmonary aspergillosis (CAPA), COVID-19-associated pulmonary mucormycosis (CAPM), and
mixed infections from the Himalayas and compares the micro-radio-clinical profile and outcomes of the affected patients.
Materials and Methods: A retrospective data analysis was conducted, where clinical profiles, microbiological and radiological
reports, and outcomes of n = 16 patients of post-COVID pulmonary infections were compared. Results: Of n = 16 patients, n=7
had CAPA (n =5 Aspergillus fumigatus, n = 1 Aspergillus flavus, and n = 1 Aspergillus niger), n=5 CAPM (Rhizopus arrhizus), and
n = 4 with mixed infections (n = 3 infected with Aspergillus fumigatus and Rhizopus spp. and n = 1 with Aspergillus flavus and
Rhizopus arrhizus). Thick-walled cavitary lesions, air-fluid levels, and multiple centrilobular nodules were some of the common
radiological findings reported among these patients. Conclusion: The immuno-compromised state following COVID-19 infection
and treatment might be responsible for the progression of regular exposure to the dense Himalayan vegetation into an invasive
pulmonary fungal infection. Suspecting post-COVID pulmonary fungal infection is necessary for primary care physicians to ensure
timely referral to higher centers. Mixed pulmonary fungal infections (coinfection with Aspergillus spp. and Rhizopus spp.) are also
emerging as important sequelae of COVID-19.
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Introduction

The global spread of COVID-19 over the past two years
shifted the focus of medical research toward understanding the
microbiology, epidemiology, vaccination, and treatment of the
infection."" While much is known about the infection itself, newer
complications associated with it and the therapeutic agents used
in its treatment are still being reported.” Fungal coinfections and
post-COVID fungal sequelae as complications of COVID-19
created a lot of havoc among the general population and
healthcare professionals alike.”! Post-COVID fungal infections
have been reported to affect various organ systems, including
but not limited to the brain, orbits, sinuses, oral cavity, lungs,
and blood.P"" A variety of fungi have been identified as the
causative pathogens of these post-COVID sequelae around
the world, such as Aspergilius, Rhizopus, Candida, Pneumocystis,
Fusarium, and Scedosporiunm/ Lomentospora spp." While Aspergillus
spp. is known to cause post-COVID pulmonary fungal infection,
i.e., COVID-19-associated pulmonary aspergillosis (CAPA)—a
form of invasive pulmonary aspergillosis, Rbizopus spp. most
commonly causes rhino-orbito-cerebral mucormycosis, Candida
spp. infections most commonly present as Candidemia,
Preumocystis spp. as Pneumonia, and non-Aspergillus molds as
coinfections along with COVID-19.I'#

It has also been reported that in regions where mycoses are
prevalent, COVID-19 infection and immunosuppressive therapy
used in its treatment may result in the reactivation of dormant
past infections.I The Himalayan region has very dense vegetation
and diverse flora; hence, the prevalence of mycoses is higher
in this region of the country.”? Furthermore, a majority of
houscholds in the hilly terrain of the state use self-harvested
biomass as their domestic fuel, increasing their exposure to
potentially pathogenic fungal elements. There is limited literature
reporting fungal exposure and latent/active infection from the
Himalayas. The most recent (2010) evidence from this region
reports the point prevalence of fungal colonization among
patients with chronic pulmonary conditions to be 50%." While
post-COVID exposure to pathogenic fungal strains may be one
reason for post-COVID fungal infections, the possibility of
reactivation of latent exposures following immunosuppression
due to COVID-19 or steroid therapy is also likely. Such
opportunistic invasive fungal infections have been reported
to follow other respiratory viral illnesses such as Influenza and
Parainfluenza as well™® which further emphasizes the need of
studying fungal infections following respiratory viral infections,
especially in a region like the Himalayas, where a majority of
the population is exposed to such fungi on a day-to-day basis.

The Himalayas happen to be a difficult terrain for establishing
elaborate healthcare institutions. Hence, primary care centers and
physicians are mainly responsible to deliver healthcare high up
the hills, and deep within the valleys. This further necessitates the
generation of epidemiological data on the relatively unexplored
and also recently spreading infections, from this region. Hence,
the current study characterizes post-COVID pulmonary fungal
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infections to educate primary care physicians in the periphery
regarding the data regarding the clinico-microbiological profile
of post-COVID pulmonary fungal infections and their outcomes
in this region. Among pulmonary fungal infections following
COVID-19, CAPA emerged as the most prevalent infection
worldwide, followed by COVID-19-associated pulmonary
mucormycosis (CAPM)."'" A recent review on post-COVID
pulmonary fungal infection highlights the gaps in the
understanding of these invasive fungal sequelac of COVID-19.5
The understanding of CAPM is further limited by its limited
prevalence relative to CAPA.®! Furthermore, to the best of out
knowledge, the profile of post-COVID fungal infection patients
is yet to be reported from the Himalayan region. Thus, the study
attempts to compare the micro-radio-clinical profiles of patients
diagnosed with post-COVID pulmonary fungal infections
highlighting similarities and dissimilarities between these two
invasive fungal infections following COVID-19.

Materials and Methods

A retrospective study was conducted with due Ethical Clearance
from the Institutional Ethical Committee (Regd No—EC/
NEW/Inst/2020/1046) received via Letter No.—AIIMS/
IEC/22/356 Dated—18/08/2022, at a teaching hospital in
Uttarakhand, India. The objectives of this study were:
(1) To generate preliminary data on the post-COVID pulmonary
fungal infection from a teaching hospital in the Himalayas.
(2) To compare the underlying risk factors, clinical symptoms,
micro-radio-clinical profile, and outcomes of patients
suffering from pulmonary fungal infection following
COVID-19.

Inclusion criteria

In-patients diagnosed with pulmonary fungal infection following

COVID-19. Case Definitions:

1. COVID-19-associated pulmonary mucormycosis (CAPM)—
Patients diagnosed to have pulmonary mucormycosis at the
same time or within three months of suffering from COVID-19
were included as CAPM cases.'” A diagnosis of pulmonary
mucormycosis was confirmed if broad aseptate hyphae were
seen on KOH mount microscopy [Figure 1] or Rhzzopus spp.
was cultivated on SDA culture from the patients’ sputum,
endotracheal tube (ET), or bronchoalveolar lavage (BAL).

2. COVID-19-associated pulmonary aspergillosis (CAPA)—
Patients diagnosed to have pulmonary aspergillosis at
the same time or within three months of suffering from
COVID-19 were included as CAPA cases." A diagnosis
of pulmonary aspergillosis was confirmed if thin septate
hyaline hyphae were seen on KOH mount or Gram stain
microscopy [Figure 2] or Aspergillus spp. was cultivated
on SDA culture from the patients’ sputum, endotracheal
tube (ET), or bronchoalveolar lavage (BAL).

3. Mixed infection—Patients’ sputum, endotracheal tube (ET),
or bronchoalveolar lavage (BAL) reported more than one
fungi were classified [Figure 3] based on the dual infection

diagnosis algorithm postulated by Muthu e a/!'”
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a-

Figure 1: KOH Mount of lower respiratory tract sample of a patient
showing hyaline broad aseptate and pauciseptate hyphae suggestive
of Rhizopus spp

Figure 2: Gram-stained smear of a lower respiratory tract sample of a
patient showing acute angle branching suggestive of Aspergillus spp

Yk mbn [ 2
Figure 3: KOH Mount of a lower respiratory tract sample of a patient
showing hyaline aseptate hyphae (blue arrow) and thin hyaline septate
hyphae (red arrow) suggestive of mixed infection caused by Rhizopus
spp. and Aspergillus spp., respectively
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Exclusion criteria

Patients presenting with pulmonary aspergillosis or mucormycosis
with an unknown COVID status were excluded.

Sputum, endotracheal tube (ET), and bronchoalveolar
lavage (BAL) samples of patients admitted to the inpatient
departments in the query of pulmonary mucormycosis
and/or aspergillosis following COVID-19 were sent to the
microbiology laboratory for examination and were subjected to
preliminary KOH microscopic examination. This was followed
by the inoculation of these samples on Sabouraud dextrose
agar plates. The inoculated culture media were subjected to
aerobic incubation at 37 degrees Celsius, and observations were
recorded per standard microbiological guidelines. A record
of the patient’s symptoms, diagnosis, and the report of their
microbiological, biochemical, and radiological investigations
done for the patients diagnosed with pulmonary fungal infections
following COVID-19 were collected from the hospital database.
The following outcomes were considered indicators for the
study’s results:

1. The patient’s clinical symptoms, comorbid conditions,

diagnosis, and outcome.
2. Microbial profile of respiratory samples collected from the
patients.
3. Radiological profile of the included patients.

Results

Data of # = 16 patients with a history of pulmonary fungal
infections following COVID-19 admitted to the hospital
between May and September 2021 were extracted. The mean
age of the patients included was 53 + 13.38 years. Of a total
of n = 16 patients, » = 7 were diagnosed with pulmonary
aspergillosis (7 = 5 were infected with Aspergillus fumigatus, n =1
with Aspergillus flavus, and n = 1 with Aspergillus niger), n = 5 were
diagnosed with pulmonary mucormycosis infected with Rhizopus
arrhizus, and n = 4 were diagnosed with mixed pulmonary fungal
infections (# = 3 infected with Aspergillus fumigatus and Rhigopus
arrhizus and n = 1 with Aspergillus flavus and Rhizopus arrhizus,
respectively). The clinical and microbiological profiles of the
patients are summatized in Tables 1 and 2.

Pulmonary radiological investigation of only 8 of the included
16 patients was available, of which #» = 5 had CAPA, # = 1 had
CAPM, and 7 = 2 had mixed infection. Among # = 5 patients
of CAPA, » = 1 had a close to normal CECT thorax, 2 had
bilateral lung involvement, and 2 had only one lung affected. The
patient with CAPM has a well-formed lung abscess, while those
with mixed infection also had unilateral lung involvement. All
4 of the CAPA and one patient with a mixed infection, having
pathological CECT findings, had typical thick-walled cavitary
lesions with air—fluid levels and multiple centrilobular nodules,
giving a tree-in-bud appearance suggestive of an infective
etiology most likely fungal. [Figures 4 and 5]. N =1 patient of
mixed infection reported cavitary fungal pneumonia on X-ray.
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Table 1: Demographic, clinical profile, and outcome of patients suffering from pulmonary fungal infections following

COVID-19
Patient characteristic Pulmonary aspergillosis Pulmonary mucormycosis Mixed infection Total
n=7 % n=5 % n=4 % n=16 %

Demographics

Males 5 71.43 3 60 4 100 12 75

Females 2 28.57 2 40 0 - 4 25
Mean age (years) £ S.D. 48.57+11.47 - 58+17.22 - 55.5+11.9 - 531+13.38 -
Clinical symptoms

Fever 5 71.43 4 80 3 75 12 75

Dyspnea 6 85.71 5 100 2 50 13 81.25

Chest pain 0 - 1 20 0 - 1 6.25

Cough 2 28.57 2 40 2 50 6 375

Expectoration 2 28.57 1 20 0 - 3 18.75

Hemoptysis 2 28.57 0 - 0 - 2 12.5

Generalized weakness 1 14.28 0 - 1 25 2 125
Comorbid conditions

Diabetes 4 57.14 3 60 2 50 9 56.25

PTB 2 28.57 2 40 0 - 4 25

AKI 1 14.28 3 60 0 - 4 25

CKD/CLD/COPD/CAD 1 14.28 2 40 0 - 3 18.75

Hypertension 1 14.28 1 20 1 25 3 18.75

End organ damage 2 28.57 5 100 1 25 8 50
Treatment requirements

Requirement of supplemental oxygen 7 100 5 100 2 50 14 87.5

High flow oxygen 4 57.14 3 60 2 50 9 56.25

Steroids 2 28.57 1 20 0 - 3 18.75
Outcome

Death 4 57.14 3 60 0 - 7 43.75

Alive 2 28.57 1 20 3 75 6 375

LAMA 1 14.28 1 20 1 25 3 18.75

PTB=Pulmonary tuberculosis, AKI=Acute kidney injury, CKD=Chronic kidney disease, CLD=Chronic liver disease, COPD=Chronic obstructive pulmonary disease, CAD=Coronary artery disease, LAMA=Ieave

against medical advice

Table 2: Microbiological profile of patients suffering from mixed pulmonary fungal infections following COVID-19

Pt. No. KOH Mount findings Fungal culture findings Diagnosis as per Muthu et al

1. Broad aseptate hyphae (suggestive of Rhizopus spp.) Aspergillus fumigatus Proven CAPM with proven CAPA

2. Broad aseptate hyphae (suggestive of Rhizopus spp.) and thin Aspergillus fumigatus Proven CAPM with proven CAPA
septate hyaline hyphae (suggestive of Aspergillus spp.)

3. Broad aseptate hyphae (suggestive of Rhizopus spp.) Aspergillus flavus and Rhizopus arrhizus Proven CAPM with proven CAPA

4. Broad aseptate hyphae (suggestive of Rhizopus spp.) Aspergillus fumigatus Proven CAPM with proven CAPA

A few patients also reported architectural disorientation, traction
bronchiectasis, and fibrotic changes.

Discussion

Post-COVID patients have several risk factors that predispose
them to contracting fungal infections. Immunosuppression
associated with the infection is one of the most well-studied
tisk factors, although a lot is yet to be explored.”! There have
been a variety of studies reporting dysfunction of various
immune cells such as CD3+ Helper T cells, CD4+ Helper and
Cytotoxic T cells, CD8+ Cytotoxic T cells, Regulatory T cells,
Memory T cells and B cells underlying immunosuppression in
COVID-19.24While peripheral sequestration of immune cells
has been hypothesized as one of the mechanisms responsible for
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this immune dysfunction, absolute cellular dysregulation due to
repeated viral attacks has also been reported by some studies.!

Along with immunosuppression, underlying chronic comorbidities
such as diabetes and cancers and post-transplant immunosuppressive
therapy have also been postulated to increase the risk of
post-COVID fungal sequelae.*! This might be atttibuted to
the comorbid immuno-compromised state of the patient due
to the chronic illness as well as to the relatively severe infection
caused by the coronavirus among these patients. Other risk factors
postulated to contribute toward post-COVID fungal sequelae
are immunosuppressive steroid therapy and high-flow oxygen
used to treat COVID-19, especially in those patients with severe
420 Apart from general tisk factors hypothesized to undetlie
post-COVID fungal sequelae, daily exposute to dense vegetation

disease.
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Figure 4: Axial lung and mediastinal window and coronal lung window
scans of the chest (a-c) showing a thin-walled cavity with internal contents
along with surrounding ground-glass attenuation along the wall of the
cavity. Axial lung window scans (d) displaying extensive COVID-related
changes in the form of consolidation admixed with fibrotic changes. The
presence of a cavity with internal contents and surrounding ground-glass
attenuation is highly suggestive of invasive fungal infection

and diverse flora of the Himalayan region might be attributed to
invasive pulmonary fungal infections following COVID-19 and
the diversity of etiological pathogens identified through this study.

Pulmonary fungal coinfections and post-COVID fungal sequelae
have been reported to pootly affect the outcome of patients
suffering from COVID-19.%*" With the increasing prevalence
of COVID-19 infection, it has become imperative to understand
these fungal sequelae in terms of their predisposing risk factors,
clinico-micro-radiological profile, treatment requirements, and
patient outcomes. Reporting the clinical and epidemiological
data on these fungal sequelae in a region like the Himalayas is
even more important. Primary care physicians happen to be the
only healthcare providers in the Himalayan heights and seldom
have access to sophisticated diagnostic techniques. Hence, they
must be made aware of the epidemiology and clinical profile of
recently spreading detrimental clinical conditions to facilitate
timely referral.

While CAPA and CAPM are common post-COVID pulmonary
fungal infections, more studies have reported, discussed,
and analyzed CAPA, probably due to a disproportionately
higher prevalence of CAPA compared to CAPM or mixed
infections."”*¥ Contrary to the available literature, the current
study reports 43.75% of all post-COVID pulmonary infections
to be CAPA, 31.25% CAPM, and 25% mixed infections. While it
is difficult to hypothesize an explanation for the high prevalence
of CAPM and mixed infections taken together (56.25%), it
might be attributable to the rich vegetation and dense flora
of the Himalayas surrounding the healthcare facility. While
the population of the state is regularly exposed to these
fungal species more than other regions of the country, the
immuno-compromised state following COVID-19 infection
might be responsible for the rapid progression of these exposures
to invasive pulmonary stages.”
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Figure 5: Axial lung window of chest displaying well-defined
thin-walled cavity in the superior segment of left lower lobe (arrow
in a) with internal debris-like contents (star in a). COVID-related
changes are seen as retracting bands of fibrosis admixed with areas
of consolidation (arrow in b). The presence of a cavity with internal
contents is highly suggestive of superadded fungal infection

Owing to the limited number of post-COVID pulmonary
infection cases diagnosed during the study period, it is difficult to
reliably characterize the differences between CAPA and CAPM.
Some notable differences between the clinical profiles of patients
presenting with CAPA/CAPM were observed and have been
discussed here. The proportion of most clinical symptoms was
reported to be similar across patients presenting with either of the
two infections.) Hemoptysis was reported only among patients
later identified as suffering from CAPA (» = 2, 28.57%)), unlike
among none of the patients with CAPM. While the current
study reported several differences among the predisposing
comorbidities across the two groups, the prevalence of diabetes
was reported to be similar across both the groups, unlike the
Delphi consensus statement from the Fungal Infection Study
Forum (FISF) and Academy of Pulmonary Sciences (APS),
India, which reported diabetes to be more commonly associated
with CAPM than with CAPA.®~! A notable difference observed
between the prevalence of end-organ damage between the
two groups of patients was that all patients suffering from
CAPM had end-organ damage, but only # = 2 (29%) of those
diagnosed with CAPA had the complications above. Similarly, the
prevalence of acute kidney injury or chronic illnesses like CKD,
CLD, COPD, and CAD was also relatively more among patients
diagnosed with CAPM. This suggests that COVID-19 patients
with pre-existing chronic comorbidities are relatively more
predisposed to contracting pulmonary mucormycosis when
compared to pulmonary aspergillosis. While there is a paucity
of evidence suggesting this predisposition to CAPM over CAPA
in the setting of chronic comorbidities, the Delphi consensus
does suggest that diabetes predisposes to CAPM more than it
does to CAPA.® On the contrary, the treatment requitement
and clinical outcomes of patients infected with either mold
were similar.

While a handful of cases of mixed pulmonary fungal infections
have been reported among COVID-19 patients, the proportion
of the same in the current study was as high as 25%. It has
been hypothesized that the prevalence of mixed infection is
higher and is being under-reported since both species are not
identified on microscopy/grown on culture simultaneously
during the complete course of the infections and overlaps have

been reported in the imaging findings of both infections.?%32%
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Microbiologically, three of four patients were infected with
Aspergillus fumigatus and Rhizopus arrhizus, while one patient was
infected with Aspergillus flavus and Rhigopus arrhizus. As per Muthu
et al’s classification of patients suffering from a mixed infection,
all four patients had a proven CAPA and proven CAPM since
two patients reported Rbizopus arrbizns on KOH microscopy and
Aspergillus funigatus was cultivated on SDA Agar culture. Both
Aspergillus spp. and Rhizopus spp. were identified from the KOH
microscopy of the third patient, and Aspergillus flavus and Rbizopus
arrhizus were cultivated simultaneously from the sample of the
fourth patient."” A handful of cases of mixed pulmonary fungal
infections have been reported in the past, with many reporting
both species on microscopy and a few reporting growths of
both on culture media.***"1 This disparity between microscopy
and culture findings could be attributed to the lack of technical
expertise in diagnosing mixed fungal infections.

The clinical profile of patients suffering from mixed infection
differed notably from those diagnosed with single-species
pulmonary fungal infections. All the patients suffering from
mixed infections were identified as males, consistent with the
proportion of males contracting mixed infections being higher
than females reported in the past.”? Single species infections
were also reported more in males than females, but the male/
female ratio was 2:1, unlike an absolute male predominance in
the case of mixed infection in our study. 20—40% of patients
diagnosed with single-species infection complained of chest pain,
expectoration, or hemoptysis, but none of the patients diagnosed
with mixed infection had these complaints. Similarly, none of
the patients diagnosed with mixed infection had a history of
suffering from pulmonary tuberculosis, acute kidney injury, or
any chronic comorbidities like CKD, CLLD, COPD, and CAD.
The presence of diabetes, hypertension, and end-organ damage
was similar among patients with pulmonary aspergillosis and also
reported to be present among patients who reported having a
mixed infection in the past.P?

Striking differences were noted in the treatment requirements
and outcomes of patients with mixed infection and those with
single-species infection. While there were no deaths, unlike
about 60% mortality in cases of single-species infections, the
survival rate was as high as 75%, unlike about 30% among
the rest. Even more striking to observe was that only 50% of
patients with mixed infections needed supplemental high-flow
oxygen, unlike a 100% requirement among the other groups.
None of the patients with mixed infection needed steroids in
the course of their treatment, for high flow oxygen sufficed
for their oxygen requirements. Unlike what would be expected
from mixed infections, this pair of pulmonary fungal infections
appears to occur among patients with lesser comorbidities, has a
milder clinical course, and is a better prognostic factor compared
to single-species infections. There is limited evidence to support
this finding from the current study. Hence, the investigators
suggest further research in this area to compare the clinical profile
and outcomes of patients with mixed infection against patients
suffering from single-species infection.
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Lung abscess reported from the patient of CAPM is a sign
suggestive of CAPM >CAPA /mixed infection as the pre-existing
literature.' Past studies have reported centrilobular nodules ot a
tree-in-bud appearance to be nonspecific findings suggestive of
CAPA or dual infections."”! Consistent with the existing evidence,
centrilobular nodules or a tree-in-bud appearance were reported
from CECT of four out of five patients of CAPA and one of
two patients of mixed infection whose radiological investigations
were available. While the presence of air—fluid level is a relatively
nonspecific sign, thick-walled cavities reported in these patients have
been reported to be highly suggestive evidence of CAPA/mixed
infection but more likely suggestive of CAPM.I"Y In the current
study, thick-walled cavities were seen only among CAPA and mixed
infection patients, probably because the radiological investigation
of CAPM patients was not available. Thus, evidence from this
study is inconclusive regarding thick-walled cavities, a radiological
sign for CAPM > CAPA. Fungal cavitary pneumonia has also been
reported to be more likely suggestive of CAPM but was reported
from only one patient of mixed infection in the current study."?
Architectural disotientation, traction bronchiectasis, and fibrotic
changes reported from the CECTs of several patients was a sign
of past COVID infection having affected pulmonary parenchyma.

The limited sample size, convenience sampling, and retrospective
analysis with missing clinical and radiological data points are some
of the major limitations of this study that necessitate further
exploration into the study’s results before its conclusion can be
practically applied. Moreover, structured data from multicentric
studies might be more insightful to reliably compare the
differences in the clinical, microbiology, and radiological profile
of CAPA, CAPM, and mixed infection.

Conclusion

The immuno-compromised state following COVID-19 infection/
treatment might be responsible for the progression of regular
exposure to the dense Himalayan vegetation into an invasive
pulmonary infection. Suspecting post-COVID pulmonary fungal
infection is necessary for primary care physicians to ensure timely
referral to higher centers. Along with CAPM and CAPA, mixed
pulmonary fungal infections with Rbizgpus and Aspergillus spp.
are also emerging as important sequelaec of COVID-19.

Financial support and sponsorship

The research was conducted at the All India Institute of Medical
Sciences (AIIMS), Rishikesh, Uttarakhand, India. No financial
support or grants were availed for the conduction of the study.

Conflicts of interest

There are no conflicts of intetrest.

References
1. The Lancet. Science during COVID-19: Where do we go from

here? Lancet 2021;396:1941. Doi: 10.1016/S0140-6736(20)
32709-4.

Volume 12 : Issue 12 : December 2023



10.

11.

12.

13.

14.

15.

16.

17.

18.

Puri, et al.: Post-COVID pulmonary fungal infections

Azer SA. COVID-19: Pathophysiology, diagnosis, complications
and investigational therapeutics. New Microbes New Infect
2020;37:100738. doi: 10.1016/j.nmni. 2020.100738.

Balaji SM. Post COVID-19 fungal and microbial infections.
Indian J Dent Res 2020;31:669. doi: 10.4103/ijdr.
IJDR_1056_20.

Sarkar S, Gokhale T, Choudhury SS, Deb AK. COVID-19 and
orbital mucormycosis. Indian ] Ophthalmol 2021;69:1002-4.
Doi: 10.4103/ij0.1JO_3763_20.

El-Kholy NA, El-Fattah AMA, Khafagy YW. Invasive fungal
sinusitis in post COVID-19 patients: A new clinical entity.
Laryngoscope 2021;131:2652-8. Doi: 10.1002/lary. 29632.

Gupta V, Singh P, Sukriti K. Fungal brain abscess in a post
COVID-19 patient. BMJ Case Rep 2021;14:e246319. Doi:
10.1136/bcr-2021-246319.

Basile K, Halliday C, Kok J, Chen SC. Fungal infections
other than invasive aspergillosis in COVID-19 patients.
J Fungi (Basel) 2022;8:58. Doi: 10.3390/jof8010058.

Shishido AA, Mathew M, Baddley JW. Overview of
COVID-19-associated invasive fungal infection. Curr
Fungal Infect Rep 2022;16:87-97. Doi: 10.1007/
$12281-022-00434-0.

Turdumambetova GK, Osmanov A, Denning DW. The burden
of serious fungal infections in Kyrgyzstan. J Fungi (Basel)
2019;5:66. Doi: 10.3390/jof5030066.

Biswas D, Agarwal S, Sindhwani G, Rawat J. Fungal
colonization in patients with chronic respiratory diseases
from Himalayan region of India. Ann Clin Microbiol
Antimicrob 2010;9:28. Doi: 10.1186/1476-0711-9-28.

Pal R, Singh B, Bhadada SK, Banerjee M, Bhogal RS, Hage N,
et al. COVID-19-associated mucormycosis: An updated
systematic review of literature. Mycoses 2021;64:1452-9.
Doi: 10.1111/myc. 13338.

Muthu V, Agarwal R, Patel A, Kathirvel S, Abraham OC,
Aggarwal AN, et al. Definition, diagnosis, and management
of COVID-19-associated pulmonary mucormycosis: Delphi
consensus statement from the fungal infection study forum
and academy of pulmonary sciences, India. Lancet Infect
Dis 2022;22:240-53. Doi: 10.1016/S1473-3099(22)00124-4.

Liu Y, Li Y, Xu D, Zhang J, Peng Z. Severe COVID-19:
Immunosuppression or Hyperinflammation? Shock
2021;56:188-99. Doi: 10.1097/SHK.0000000000001724.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical
characteristics of coronavirus disease 2019 in China. N Engl
J Med 2020;382:1708-20. Doi: 10.1056/NEJM0a2002032.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet 2020;395:497-506. Doi: 10.1016/
S0140-6736(20)30183-5.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al.
Dysregulation of immune response in patients with
coronavirus 2019 (COVID-19) in Wuhan, China. Clin Infect
Dis 2020;71:762-8. Doi: 10.1093/cid/ciaa248.

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al.
Reduction and functional exhaustion of T cells in patients
with coronavirus disease 2019 (COVID-19). Front Immunol
2020;11:827. Doi: 10.3389/fimmu. 2020.00827.

Wan S, Yi Q, Fan S, Lv J, Zhang X, Guo L, et al. Relationships
among lymphocyte subsets, cytokines, and the pulmonary
inflammation index in coronavirus (COVID-19) infected
patients. Br J Haematol 2020;189:428-37. Doi: 10.1111/bjh.
16659.

Journal of Family Medicine and Primary Care

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Xu B, Fan CY, Wang AL, Zou YL, Yu YH, He C, et al
Suppressed T cell-mediated immunity in patients with
COVID-19: A clinical retrospective study in Wuhan, China.
J Infect 2020;81:e51-60. Doi: 10.1016/j.jinf. 2020.04.012.

Moro-Garcia MA, Alonso-Arias R, Lopez-Larrea C. When
aging reaches CD4+T-Cells: Phenotypic and functional
changes. Front Immunol 2013;4:107. Doi: 10.3389/fimmu.
2013.00107.

Sallusto F, Lenig D, Forster R, Lipp M, Lanzavecchia A. Two
subsets of memory T lymphocytes with distinct homing
potentials and effector functions. Nature 1999;401:708-12.
Doi: 10.1038/44385.

Liu J,Li S, Liu J, Liang B, Wang X, Wang H, et al. Longitudinal
characteristics of lymphocyte responses and cytokine
profiles in the peripheral blood of SARS-CoV-2 infected
patients. EbioMedicine 2020;55:102763. Doi: 10.1016/j.
ebiom. 2020.102763.

Bhattacharyya A, Sarma P, Kaur H, Kumar S, Bhattacharyya J,
Prajapat M, et al. COVID-19-associated rhino-orbital-cerebral
mucormycosis: A systematic review, meta-analysis,
and meta-regression analysis. Indian J Pharmacol
2021;53:499-510. Doi: 10.4103/ijp.ijp_839_21.

Al-Tawfiq JA, Alhumaid S, Alshukairi AN, Temsah MH,
Barry M, Al Mutair A, et al. COVID-19 and mucormycosis
superinfection: The perfect storm. Infection 2021;49:833-53.
Doi: 10.1007/s15010-021-01670-1.

Seyedjavadi SS, Bagheri P, Nasiri MJ, Razzaghi-Abyaneh M,
Goudarzi M. Fungal infection in Co-infected patients with
COVID-19: An overview of case reports/case series and
systematic review. Front Microbiol 2022;13:888452. Doi:
10.3389/fmich. 2022.888452.

Sarma P, Bhattacharyya A, Kaur H, Prajapat M, Prakash A,
Kumar S, et al. Efficacy and safety of steroid therapy in
COVID-19: A rapid systematic review and Meta-analysis.
Indian J Pharmacol 2020;52:535-50. Doi: 10.4103/ijp.
ijp_1146_20.

Chiurlo M, Mastrangelo A, Ripa M, Scarpellini P. Invasive
fungal infections in patients with COVID-19: A review on
pathogenesis, epidemiology, clinical features, treatment,
and outcomes. New Microbiol 2021;44:71-83.

Raffaelli F, Tanzarella ES, De Pascale G, Tumbarello M.
Invasive respiratory fungal infections in COVID-19 critically ill
patients. J Fungi (Basel) 2022;8:415. Doi: 10.3390/jof8040415.

Hussain S, Riad A, Singh A, Klugarova J, Antony B,
Banna H, et al. Global prevalence of COVID-19-associated
mucormycosis (CAM): Living systematic review and
meta-analysis. J Fungi (Basel) 2021;7:985. Doi: 10.3390/
jof7110985.

Hussain S, Baxi H, Riad A, Klugarova J, Pokorna A, Slezakova s,
et al. COVID-19-associated mucormycosis (CAM): An updated
evidence mapping. Int J Environ Res Public Health
2021;18:10340. Doi: 10.3390/ijerph 181910340.

Riad A, Shabaan AA, Issa ], Iborahim S, Amer H, Mansy Y, et al.
COVID-19-associated mucormycosis (CAM): Case-Series
and global analysis of mortality risk factors. J Fungi (Basel)
2021;7:837. Doi: 10.3390/jof7100837.

Benhadid-Brahmi Y, Hamane S, Soyer B, Mebazaa A, Alanio A,
Chousterman B, et al. COVID-19-associated mixed mold
infection: A case report of aspergillosis and mucormycosis
and a literature review. ] Mycol Med 2022;32:101231. Doi:
10.1016/j.mycmed. 2021.101231.

Alexander BD, Lamoth F, Heussel CP, Prokop CS, Desai SR,
Morrissey CO, et al. Guidance on imaging for invasive

Volume 12 : Issue 12 : December 2023



34.

35.

Journal of Family Medicine and Primary Care

Puri, et al.: Post-COVID pulmonary fungal infections

pulmonary aspergillosis and mucormycosis: From the
imaging working group for the revision and update of the
consensus definitions of fungal disease from the EORTC/
MSGERC. Clin Infect Dis 2021;72(Suppl 2):579-88. Doi:
10.1093/cid/ciaal855.

Bellanger AP, Navellou JC, Lepiller Q, Brion A, Brunel AS,
Millon L, et al. Mixed mold infection with Aspergillus fumigatus
and Rhizopus microsporus in a severe acute respiratory
syndrome Coronavirus 2 (SARS-CoV-2) patient. Infect Dis
Now 2021;51:633-5. Doi: 10.1016/j.idnow. 2021.01.010.

van Arkel ALE, Rijpstra TA, Belderbos HNA, van Wijngaarden P,
Verweij PE, Bentvelsen RG. COVID-19-associated Pulmonary

3235

36.

37.

Aspergillosis. Am J Respir Crit Care Med 2020;202:132-5.
Doi: 10.1164/rccm. 202004-1038LE.

Verweij PE, Gangneux JP, Bassetti M,
Briiggemann RJM, Cornely OA, Koehler P, et al. Diagnosing
COVID-19-associated pulmonary aspergillosis. Lancet
Microbe 2020;1:e53-5. Doi: 10.1016/S2666-5247(20)
30027-6.

White PL, Dhillon R, Cordey A, Hughes H, Faggian F, Soni S,
et al. A national strategy to diagnose coronavirus disease
2019-associated invasive fungal disease in the intensive
care unit. Clin Infect Dis 2021;73:e1634-44. Doi: 10.1093/
cid/ciaal298.

Volume 12 : Issue 12 : December 2023



