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Abstract

Purpose Secondary bacterial or fungal infections are one of the most important medical complications among patients with
Coronavirus Disease 2019 (COVID-19). The emergence of multidrug-resistant (MDR) candida can cause many problems
such as treatment failure, adverse clinical outcomes, and even disease outbreaks. This systematic review and meta-analysis
aims to investigate the prevalence and outcomes of fungal drug-resistant in COVID-19 patients.

Methods PubMed, Embase, Scopus, Cochrane Library, and Web of Science databases were searched for peer reviewed-
articles published in English up to May 20, 2021. Heterogeneity across studies was evaluated using Cochrane’s Q test and the
I? index. The pooled point prevalence and their corresponding 95% confidence intervals (CIs) were considered to estimate
the prevalence of fungal drug resistance infection in COVID-19 patients.

Results Eight eligible articles were included in our meta-analysis. The number of COVID-19 patients with fungal co-infection
varied from 5 to 35 among selected studies. The overall pooled prevalence of fungal drug resistance among patients with
co-infections of fungal and COVID-19 was 69% (95% CI: 37%, 94%) by using a random-effects model. In terms of specific
species, the pooled meta-analysis for Candida Auris was estimated to be 100% (95%CI: 98%, 100%; I> =0%), for Multi-
Candida 59% (95%CI: 38%, 79%; I>=12.5%), and for Aspergillus 15% (95%CI: 0%, 42%; P=0%).

Conclusion Our study shows the high prevalence of fungal drug resistance in COVID-19 patients and emphasizes the need
to strengthen antimicrobial stewardship programs, close monitoring for treatment failure, and the emergence of resistance
upon treatment.
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Introduction

One of the most important medical complications among
patients with Coronavirus Disease 2019 (COVID-19) is
secondary bacterial or fungal infections [1-3]. The frequent
intakes of corticosteroids and antibiotics, receiving mechani-
cal ventilation, and central venous catheter (CVC) use are
major risk factors for secondary infections [4]. Comparing the
situations between the pre-and post-COVID-19 era shows a
greater deal of candidemia [5, 6]. Also, Aspergillus fumigatus
has been identified as the leading cause of fungal infections
in critically ill COVID-19 patients [7]. Fungal co-infections
in COVID-19 patients have a higher incidence of acute infec-
tions and an increased mortality rate up to 83% despite anti-
fungal treatment [8]. The emergence of multidrug-resistant
(MDR) candida can cause serious problems such as treatment
failure, adverse clinical outcomes, and even disease outbreaks.
A study from Italy reported six patients admitted to the
COVID-19 intensive care units (ICUs) infected with Candida
Auris (C. Auris). All strains C. Auris identified proved to be
resistant to amphotericin-B and azoles. Among patients with
candidemia, they reported a 50% mortality rate after 25 days
from first C. Auris isolation [9ee]. Similarly, a recent study
from Lebanon showed that among seven patients who had
prior COVID-19, all the isolates were resistant to fluconazole
and amphotericin B [10ee]. Moreover, a recent study from
Iran reported seven critically ill patients with COVID-19 who
had fungemia, among whom six had candidemia. In this study,
none of the isolates of Candida Glabrata (C. Glabrata) were
drug-resistant. In contrast half of the patients infected with
Candida albicans (C. Albicans) were resistant to both azoles
and echinocandins. They were treated with fluconazole and
caspofungin, which ultimately showed therapeutic failure,
and the mortality rate due to C. Albicans and C. Glabrata
was 100% [11ee]. In conclusion, the global prevalence rate
of fungal drug resistance in COVID-19 patients remains elu-
sive. In our opinion, a possible underestimation of the risk of
drug resistance may occur at the bedside of ICU patients with
COVID-19. This needs to be estimated at a global level. This
systematic review and meta-analysis investigated the preva-
lence and outcomes of fungal drug-resistant in COVID-19
patients.

Methods
Search strategy and selection criteria

With the help of a health sciences librarian (ZK), the elec-
tronic searches were performed in PubMed/MEDLINE,
Embase, Scopus, Web of Science (ISI), and Cochrane
Library for peer reviewed-articles published in English up

to May 20, 2021. A combination of MeSH terms includ-
ing: "COVID-19", "Coronavirus Disease 2019", "Novel
Coronavirus", "Severe Acute Respiratory Syndrome Coro-
navirus 2", "SARS CoV 2 Infection", "Drug Resistance",
"Antifungal Drug Resistance", "Multidrug Resistance",
"MDR Resistance", "Fungus", "Candida Infection", "Fun-
gal Infection", "Pulmonary Aspergillosis", "Mucormycose",
"Histoplasma Capsulatum" were used (Suppl. 1). Additional
searches were conducted according to Google Scholar and
the reference lists of selected articles for more accuracy.

After screening the titles and abstracts and the full paper
of the selected records were independently evaluated by
two investigators (AH and M.A-K). A complete description
of step by step of our search strategy is available in Fig. 1.
The current study was conducted and reported according to
PRISMA guidelines with PROSPERO registration number
CRD42021260172.

Studies selection

Studies were included if were: 1) among patients with
COVID-19 in all ages with confirmed respiratory syndrome
coronavirus (SARS-CoV-2) infection and fungal co-infec-
tion, (2) reported sufficient data on fungal drug resistance,
and 3) observational studies publishing in peer-reviewed
journals. We excluded literature reviews, systematic reviews,
case reports, letters to editors, non-English articles, studies
concerning cell biology, and studies not investigating fungal
drug resistance.

Data extraction

Two independent investigators (AH and M.A-K) extracted
the data from each eligible study using customized data
extraction forms in Excel spreadsheets. Disagreements
were resolved with a provision for arbitration from a third
reviewer (RT). The following data were extracted: first
author name, year of publication, geographical region of the
study, study type, number of COVID-19 patients, number of
co-infections with fungal, number of cases with drug resist-
ance of fungal organisms, main demographic characteristics
of patients, ICU length of stay, basic associated-comorbid-
ities among participants, steroid intake, and outcome at the
end of the study.

Quality assessment
The Joanna Briggs Institute (JBI) Critical Appraisal guide-

lines were used to assess the quality of included studies [12].
Each article was evaluated using the 8-point JBI critical
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Fig. 1 The flowchart of study identification and selection process

appraisal tool. This tool applies the following criteria to
quality assessment: 1) Clearly stated inclusion/exclusion
criteria, 2) Confirmation of the disease using a standard/
reliable method for all participants, 3) Consecutive inclu-
sion of participants, 4) Clear reporting of demographics in
the study, 5) Clear reporting of clinical information of the
participants (comorbidities), 6) Clear reporting of the site(s)/
clinic(s) demographic information, 7) Clear reporting of the

@ Springer

case outcomes or follow-ups, 8) Appropriate use of the sta-
tistical tests to assess the relevant outcomes. According to
these dimensions, each study was assigned a score that is
computed using different parameters in line with the review
objectives. The responses received a score of 0 for “Not
reported” or “No” and 1 for “Yes”. JBI critical appraisal tool
score ranges from 0 to 8. The details of the quality assess-
ment are presented in Supplementary Table 1.



Current Fungal Infection Reports (2022) 16:154-164

157

Study synthesis

Relevant statistical analyses were performed using STATA
version 12.0 (Stata Corp., College Station, TX). The pooled
point prevalence and their corresponding 95% confidence
intervals (CIs) were considered to estimate the prevalence
rate of fungal drug resistance infection in COVID-19
patients. The Cochrane’s Q test and the I? index were used to
assess heterogeneity across studies. I* > 50% with a P <0.1
for Cochrane’s Q test indicated substantial heterogeneity.
Due to a wide variation in fungal drug resistance reported
by included studies, ranging from 0 to 100 percent, we com-
bined the point prevalence using the metaprop function with
the Freeman-Tukey double arcsine transformation method.
A random-effects model was applied for pooling all of the
point prevalence. Furthermore, subgroup analyses were
conducted to explore the source of heterogeneity based on
moderator variables including the species of fungal organ-
isms (C. Auris vs. Multi-Candida vs. Aspergillus), studying
the effect of the region (European vs. Asian vs. other). A
sensitivity analysis was performed to indicate the reliability
of pooled results with user-specified I? (25%). Another sen-
sitivity analysis was performed after excluding low-quality
studies.

Results
Search findings

Our initial searches from electronic databases found a total
of 1639 records. Of these, 373 duplicate citations were
excluded using EndNote software. After screening titles and
abstracts, 1094 irrelevant records were removed, and 172
full papers of the remaining articles were retrieved to assess
according to our inclusion criteria. Finally, eight eligible
articles were selected for the current meta-analysis.

All eight included studies were peer-reviewed obser-
vational studies [9ee, 10ee 11ee 13—17]. The number of
COVID-19 patients with total fungal co-infection varied
from 5 to 35 among included studies. The age range of the
patients was 43 to 72 years old [10ee, 13]. Of these, one arti-
cle was considered drug resistance on Aspergillus co-infec-
tion (this study reported two patient populations; patients
from the first wave of COVID-19 from March until May 1,
2020, and patients from the second wave from September
to December 2020.) [15] and the remaining seven articles
on different species of Candida [9ee, 10ee, 110e 13, 14, 16,
17]. Three out of eight included articles were carried out
in the Netherlands [15] and Italy [9ee, 17], and the remain-
ing studies were performed in United States (Florida) [14],
Egypt [13], Lebanon [10ee], India [16], and Iran [11ee]. The

demographic characteristics of the articles are presented in
Table 1.

Main outcomes

The point prevalence for each study and pooled prevalence
of fungal drug resistance in hospitalized fungi and COVID-
19 patients are shown in Fig. 2.

The prevalence of fungal drug resistance across included
studies varied from 13% in the study performed by Meijer
et al., in the Netherlands [15] to 100% in studies conducted
by Allaw et al., in Lebanon [10ee] and Prestel et al., in the
United States (Florida) [14].

Based on eight selected articles, the overall pooled prev-
alence of fungal drug resistance among patients with co-
infections of fungal and COVID-19 was 69% (95% CI: 37%,
94%) by using a random-effects model.

Substantial heterogeneity was identified among studies
(I>=86.60%, P <0.01). Result of subgroup analysis showed
significant decreases in heterogeneity based on the spe-
cies of fungal organisms (C. Auris vs. Multi-Candida vs.
Aspergillus). In terms of specific species, the pooled meta-
analysis for C. Auris was estimated to be 100% (95%CI:
98%, 100%; 1*=0%), for Multi-Candida 59% (95%CT: 38%,
79%; 1?=12.5%), and for Aspergillus 15% (95%CI: 0%,
42%; 1*=0%).

In a subgroup analysis to study the effect of the region,
the pooled meta-analysis for European was estimated to be
41% (95%CI: 1%, 89%; 2= 81.4%), for Asian 81% (95%CI.:
54%, 99%:; I*= 53.35%), and for others (America and Africa)
100% (95%CI: 94%, 100%:; 1>=0%).

In a sensitivity analysis when we indicated the validity
of overall pooled results using user-specified I (25%), the
overall pooled estimation of fungal drug resistance among
patients with co-infections of fungal and COVID-19 did not
significantly change: 69% (95% CI: 37%, 94%) was before
and 68% (95% CI: 35%, 94%) after this analysis. In another
sensitivity analysis when we excluded two low-quality
studies [18], the overall pooled estimation of fungal drug
resistance among patients with co-infections of fungal and
COVID-19 did not significantly change: 69% (95% CI: 37%,
94%) was before and 66% (95% CI: 36%, 91%) after the
analysis.

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis that investigating the prevalence
of fungal drug resistance in patients hospitalized with
COVID-19. Meta-analysis using a random-effects model
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Fig. 2 Forest plot of fungal drug resistance among patients with fungal and COVID-19 co-infection

demonstrated a significant prevalence of fungal drug resist-
ance, both overall and within subgroup analyses.

Before the emergence of the COVID-19 pandemic, drug
resistance was considered a major global health threat due
to high rates of hospitalization and death. [19] It is estimated
that the number of deaths due to infections with multiple
drug-resistant (MDR) pathogens will reach 10 million per
year by 2050 [20].

Different bacterial, viral, and fungal infections may
complicate COVID-19 symptoms especially in critically
ill patients admitted to ICU. It is declared that the preva-
lence of superinfection at ICU admission was 21.7% and
over half of the cases catch at least one infection during
their ICU stay [21]. Risk factors associated with COVID-
19 and fungemia, are mostly a consequence of the severity
of the disease including; mechanical ventilation, prolonged
hospital or ICU stays, excessive corticosteroid use, and mul-
tiple antibiotics intakes [22]. Moreover, other factors such
as advanced age and underlying systemic diseases also con-
tribute to fungemia [23].

In line with previous reports, our results reflect the global
nature of this pandemic. The pooled prevalence of fungal

drug resistance was 69% but varied slightly by species, rang-
ing from 15% for Aspergillus to 100% for C. Auris. Sub-
group analyses based on the species of fungal organisms
including C. Auris vs. Multi-Candida vs. Aspergillus. C.
Auris showed a 100% prevalence, while 59% for Multi-Can-
dida and 15% for Aspergillus. Potential explanations for this
difference include differences in the studied patient popula-
tions, regarding disease severity and setting. For example,
one study included in this review involved both moderate
and severe cases of COVID-19 [13] while others included
SARS-CoV-2 PCR-positive patients who needed intuba-
tion and mechanical ventilation or ICU admitted patients
[9ee, 11ee 15-17]. Furthermore, only one included article
reported Aspergillosis [15] and others demonstrated differ-
ent species of Candida including C. Auris, C. Albicans, and
C. Glabrata. The discordance in the prevalence of the afore-
mentioned fungi also appears to be consistent with prior
evidence documenting the MDR characteristics of C. Auris
and the difficulties of eradicating it [24].

COVID-19 causes prolonged stay of critically ill patients in
the ICU. Invasive candidiasis (IC) is an infection that can be
caused by several Candida species, presents as a spectrum of
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disease: from minimally symptomatic candidaemia to fulmi-
nant sepsis [25]. Additionally IC is the most common fungal
infection among patients admitted to the ICU [26]. Addition-
ally, long-term hospitalization of the patients in critical units
is the main risk factor for acquiring IC [27]. The develop-
ment of acute respiratory distress syndrome (ARDS) in these
cases predisposes them to different secondary bacterial and
fungal infections [28]. A recent study by Moser et al. demon-
strated that COVID-19 infection impairs immunity response
and prone patients with ARDS in the ICU to Candida Albi-
cans infection [29]. Besides, the epidemiology of IC has
evolved during recent years with an increasing incidence of
non-Albicans Candida species noted globally [30]. These spe-
cies including C. Glabrata and C. Auris show intrinsic and/
or acquired resistance to antifungals which adversely affect
the successful treatment of the organism [28]. Hopefully, the
development of new antifungal agents for treating C. Auris
infections such as ibrexafungerp and rezafungin provides new
insights into the management of these MDR yeasts [31].

Aspergillus species can cause co-infections in patients with
severe COVID-19 or those admitted to ICU with or without
tracheal intubation [7]. The reported incidence of invasive pul-
monary aspergillosis in COVID-19 patients varies from 19.6%
to 33.3% [32, 33]. Both voriconazole and isavuconazole are
recommended as the first-line treatments for aspergillosis,
though azole-resistant strains are a new concern in COVID-
19 patients. For whom, polyene antifungal treatment such as
amphotericin B is suggested with a favorable outcome [34].

Antimicrobial resistance has become one of the most
serious global issues. And Asia is one of the epicenters of
antimicrobial drug resistance, there is a growing concern
about disseminating MDR pathogens [35, 36]. Therefore, we
conducted a subanalysis based on studies regions including
European vs. Asian vs. other. Asia showed an 81% preva-
lence, and 41% for Europe. Our results were in line with
previous studies and it's most likely due to poor global health
infrastructure in most Asian countries.

In terms of underlying conditions [37], we were unable to
further subanalysis the included studies due to unavailable
information. We did not have data about patients whether
had certain underlying conditions like malignancy, diabe-
tes mellitus, or renal failure. Further studies investigating
the association between fungal drug resistance and comor-
bidities, particularly in the context of COVID-19 infection,
would be useful to assess.

Taken together, our results show that the emergence of
MDR to any drug class severely eliminate treatment options
which have in turn led to high mortality and poor outcome
among COVID-19 patients. Therefore, the antimicrobial
stewardship program must be strengthened for patients with
SARS-CoV-2 infection; close monitoring for treatment
failure and the emergence of resistance upon treatment
is needed to ensure rapid case identification, appropriate
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treatment, and coordination with infection prevention to
minimize transmission [38, 39].

Our systematic review and meta-analysis have several
strengths. We followed a comprehensive literature search
strategy with the help of a health sciences librarian and
we used a dual-reviewer process to screen and select rel-
evant studies meeting the inclusion criteria. However, the
present study has some limitations that should be acknowl-
edged. Firstly, only eight studies were reviewed, and the
relatively small overall sample had limited power to further
explore these relationships. Secondly, the heterogeneity
of the included studies was another limitation, though we
performed a subgroup analysis to address this limitation.
Accordingly, we believe more comprehensive studies are
required.

Conclusion

In summary, our study found that among patients with
COVID-19, the overall prevalence of fungal drug resistance
is high, with approximately 100% prevalence for C. Auris
drug resistance. Raising awareness of this fact may enhance
standard care in patients with co-infections of fungal and
COVID-19.
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