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Abstract Coronavirus disease-19 (COVID-19) is an emerging infectious disease caused by
SARS-CoV-2 that has rapidly evolved into a pandemic to cause over 600 million infections
and more than 6.6 million deaths up to Nov 25, 2022. COVID-19 carries a high mortality rate
in severe cases. Co-infections and secondary infections with other micro-organisms, such as
bacterial and fungus, further increases the mortality and complicates the diagnosis and man-
agement of COVID-19. The current guideline provides guidance to physicians for the manage-
ment and treatment of patients with COVID-19 associated bacterial and fungal infections,
including COVID-19 associated bacterial infections (CABI), pulmonary aspergillosis (CAPA),
candidiasis (CAC) and mucormycosis (CAM). Recommendations were drafted by the 7th Guide-
lines Recommendations for Evidence-based Antimicrobial agents use Taiwan (GREAT) working
group after review of the current evidence, using the grading of recommendations assessment,
development, and evaluation (GRADE) methodology. A nationwide expert panel reviewed the
recommendations in March 2022, and the guideline was endorsed by the Infectious Diseases So-
ciety of Taiwan (IDST). This guideline includes the epidemiology, diagnostic methods and treat-
ment recommendations for COVID-19 associated infections. The aim of this guideline is to
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provide guidance to physicians who are involved in the medical care for patients with COVID-19
during the ongoing COVID-19 pandemic.
Copyright ª 2022, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

Coronavirus disease-19 (COVID-19) is an emerging infectious
disease which rapidly spread to cause a pandemic since the
end of 2019. Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is a novel beta-coronavirus responsible for
the highly transmissible and pathogenic disease, which was
believed to originate from Wuhan, China.1 The World
Health Organization (WHO) declared COVID-19 outbreak as
a Public Health Emergency of International Concern on Jan
30, 2020.

As the disease became worldwide, reports of coin-
fections or secondary infections with other pathogens, such
as COVID-19 associated bacterial infections (CABI), COVID-
19 associated pulmonary aspergillosis (CAPA), COVID-19
associated candidiasis (CAC) and COVID-19 associated
mucormycosis (CAM) accumulated, however, the epidemi-
ology varied across different countries.2e5 In addition to
bacterial and fungal coinfections, respiratory viruses can
also be co-pathogens in COVID-19. According to a systemic
review, viral coinfections accounts for 6.6% of the COVID-19
patients and Ebstein-Barr virus is the most common virus
found, followed by HHV-6 and influenza virus.6 COVID-19 is
a novel infectious disease, and the current knowledge on
COVID-19 associated infections remains under research.
Due to the success of Taiwan’s prevention and control
strategy for COVID-19, it was not until May, 2021, that
Taiwan experienced its first wave of nationwide pandemic
and the ongoing second wave of pandemic caused by the
Omicron variant began in late April, 2022. This guideline
reviewed the current literature and assimilate the inter-
national experience. The aim of this guideline is to describe
the epidemiology, diagnostic tools and to provide guidance
for the management of COVID-19 associated infections.
Methodology

Panel composition

The 7th “Guidelines Recommendations for Evidenced-based
Antimicrobial use in Taiwan” (GREAT) working group was
formed in October 2021 under the auspices of the Medical
Foundation in the Memory of Deh-Lin Cheng; and was
appointed by the Infectious Disease Society of Taiwan to
develop treatment guidelines for infectious disease. The
“Grading of Recommendations Assessment, Development,
and Evaluation” (GRADE) system7 was used for the devel-
opment of this guideline. The GREAT working group had a
steering committee and a guideline working committee.
The mission of the steering committee was to set the pur-
pose, scope, and target audience of the guideline, and to
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invite members of the committee group and expert review
panel. The steering committee consisted of 2 infectious
disease specialists, 3 clinical pharmacists (2 were epide-
miologists and one GRADE system methodologist). The
guideline working committee included 18 infectious disease
doctors from 13 medical centers and hospitals across
Taiwan.

Process of guideline development

The members of the 7th GREAT working group committee
held 4 in-person meetings between Oct 2021 and Feb 2022,
to present reviewed literature, translate evidence into
recommendations, and drafted the guidelines. The quality
of evidence and strength of recommendations were criti-
cally reviewed by an internal and external expert review
panel. The joint consensus meeting with a nationwide
expert review panel was held on March 12, 2022, and the
full guidelines was endorsed by the board members of In-
fectious Diseases Society of Taiwan in June, 2022.

Rating of the evidence and recommendation

The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) system7,8 is for developing
and presenting summaries of evidence and provides a sys-
temic approach for making clinical practice recommenda-
tions. The system has four levels of evidence: high (A),
moderate (B), low (C) and very low (D). High quality of
evidence indicates that after reviewing the current litera-
ture, the authors have abundant confidence that the true
effect is similar to the estimated effect. Moderate quality
of evidence indicates that the true effect is probably close
to the estimated effect. Low quality of evidence indicates
that the true effect may be markedly different from the
estimated effect and a very low quality of evidence in-
dicates that the true effect is probably markedly different
from the estimated effect. Five factors renders the evi-
dence less certain and downgrades the quality of evidence,
including risk of bias, consistency of the results, directness
of the evidence, precision and publication bias.9 Under rare
circumstances, the certainty of the evidence can be rated
up if the evidence has a large magnitude of effect, a
doseeresponse gradient, or if all residual confounding may
decrease the magnitude of effect. Recommendations in
GRADE methodology are classified as strong (1) or weak (2).
A strong recommendation is when the panel is confident
that the desirable effects of adherence to a recommenda-
tion outweigh the undesirable effects and this can be either
in favor or against an intervention. In contrast, weak rec-
ommendations imply that there is likely to be an important
variation in the decision that informed persons are likely to
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make. The strength of recommendations are actionable: a
weak recommendation indicates that engaging in a shared
decision making process is essential, while a strong
recommendation suggests that it is not usually necessary to
present both options.

Literature search

We performed systemic literature searches on two elec-
tronic databases of PubMed and EMBASE, limited to English
articles and a period from January 1, 2019, to December 31,
2021. Different searching terms were applied in accordance
with each PICOs, including: “COVID-1900, “SARS-CoV-200,
“bacterial infection”, “superinfection”, “co-infection”,
“secondary infection”, “nosocomial infection”, “myco-
plasma”, “Staphylococcus aureus”, “MRSA”, “Pseudo-
monas”, “MDR bacteria”, “multiplex PCR”,
“procalcitonin”, “aspergillosis”, “COVID-19 associated
pulmonary aspergillosis”, “invasive pulmonary aspergil-
losis”, “mycosis”, “fungal infections”, “EORTC/MSG”,
“Bulpa”, “AspICU”, “ECMM/ISHAM”, “criteria”, “diag-
nosis”, “prophyla*“, “candida”, “COVID-19 associated
mucormycosis”, “epidemiology”, “incidence”, “mortality”.
Randomized controlled trials (RCTs), meta-analysis, sys-
tematic reviews, and observational studies were included
for evidence rating and analysis to answer the PICOs. We
further conducted a meta-analysis using 32 studies to
analyze the role of inflammatory biomarkers in diagnosing
CABI (online supplement Table S1).191e196 Studies from a
previous meta-analysis10 were included, and extended to
include studies published later, between 01 March 2021 to
31 December 2021. We used the keywords “COVID-1900,
“SARS-CoV-200, “bacterial infection”, “superinfection”, “co-
infection”, “secondary infection”, and “nosocomial
infection".

Definition

COVID-19 associated bacterial infections (CABI)

COVID-19 associated bacterial infection (CABI) is further
subdivided into COVID-19 associated bacterial “coinfec-
tion” and COVID-19 associated bacterial “secondary infec-
tion”. The diagnosis of a bacterial infection was made
either according to microbiology reports, serology testing,
syndromic diagnostic testing or by the physician’s clinical
judgement.

COVID-19 associated bacterial coinfections are defined
as simultaneous bacterial infections diagnosed within 48 h
of admission.11,12 COVID-19 associated secondary bacterial
infections are defined as infections occurring during the
late period of COVID-19 illness, usually developing after
48 h after hospitalization.4,13,14

COVID-19 associated pulmonary aspergillosis
(CAPA)

The term CAPA is defined as when COVID-19 patients are
either coinfected or secondary infected with pulmonary
aspergillosis. However, currently, there is no consensus on a
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definition for pulmonary aspergillosis in COVID-19 pa-
tients.15 It remains unknown whether previous criteria for
pulmonary aspergillosis is applicable to COVID-19 patients,
including EORTC/MSG,16 Bulpa criteria,17 AspICU,18 modi-
fied AspICU,19 and ECMM/ISHAM,15 and this guideline will
address this issue.

COVID-19 associated candidiasis (CAC)

COVID-19 associated candidiasis (CAC) is defined as the
presence of a Candida spp. Isolated from culture in a
clinical sample obtained from sterile sites, along with
compatible clinical presentations,20 in a COVID-19 patient.

COVID-19 associated mucormycosis (CAM)

COVID-19 associated mucormycosis (CAM) is defined as
laboratory identification of Mucorales by either culture,
histopathology, or polymerase chain reaction (PCR) in a
patient with COVID-19 and clinical symptoms of invasive
mucormycosis. This includes both coinfection or
superinfection.21

Severity of COVID-19 disease

Patients are considered to have mild illness when pre-
senting with a variety of symptoms and signs such as fever,
upper respiratory tract symptoms, gastrointestinal tract
symptoms but no signs of respiratory distress nor abnormal
imaging. Moderate illness is defined as evidence of lower
respiratory disease during clinical assessment or imaging,
with SpO2 � 94% in room air at sea level. Severe illness is
defined as having a SpO2 < 94% in room air at sea level, a
PaO2/FiO2 ratio <300 mmHg, a respiratory rate >30
breaths/min, or lung infiltrates >50%. Critically ill COVID-19
is defined as when a patient fulfills the criteria of admission
to an intensive care unit or are mechanically ventilated.
They may have acute respiratory distress syndrome or
septic shock that may represent as virus-induced distribu-
tive shock, cardiac dysfunction, an exaggerated inflamma-
tory response, and/or exacerbation of underlying
comorbidities. In addition to pulmonary disease, patients
with critical illness may also experience cardiac, hepatic,
renal, central nervous system, or thrombotic disease.22
Summary of recommendations (Table 1)

COVID-19 associated bacterial infections (CABI)

General principles of treatment recommendations
Should routine antibiotics be given to every COVID-19
patient?

Recommendation
1. We recommend against routine prescription of antibi-

otics in COVID-19 patients. The prescription of antibi-
otics should be based on clinical justifications, such as
disease manifestations, disease severity, radiographic
imaging, and laboratory data. (Strong recommendation,
moderate quality of evidence) (1B)



Table 1 Summary of recommendations for the diagnosis and treatment of COVID-19 associated infections.

Disease Recommendation Strength of
Recommendation/
Quality of Evidence

COVID-19 Associated
Bacterial Infections
(CABI)

I. General principles of treatment recommendations

1. We recommend against routine prescription of antibiotics in COVID-19
patients. The prescription of antibiotics should be based on clinical
justifications, such as disease manifestations, disease severity,
radiographic imaging, and laboratory data.

Strong/Moderate (1B)

2. We recommend a comprehensive microbiologic workup before
administration of empirical antibiotics in COVID-19 patients to facilitate
adjustment, de-escalation, or discontinuation of antibiotics

Strong/Low (1C)

II. Clinical presentations

1. Critically ill COVID-19 patients, including patients who need to be
admitted to the ICU or are mechanically ventilated, may have a higher
risk of acquiring CABI and may require antibiotic use.

Weak/Moderate (2B)

2. Higher WBC counts, higher CRP values or a PCT level >0.5 ng/mL may
indicate a higher possibility of having CABI. However, we suggest against
using serum biomarkers alone to decide when to start antimicrobials,
especially when the patient is not critically ill.

Weak/Low (2C)

3. We do not suggest routine administration of antibiotics for COVID-19
patients receiving immunomodulatory agents, such as corticosteroids
and IL-6 inhibitors, given the weak evidence that these agents may
predispose to secondary bacterial infections

Weak/Moderate (2B)

III. Choice of antimicrobials in patients with suspected bacterial infections

1. We suggest the use of empirical antibiotics to cover both typical and
atypical pathogens in CAP when pulmonary bacterial coinfections occur
in the non-critically ill or non-ICU settinga

Weak/Low (2C)

2. We suggest empirical, add-on anti-MRSA antibiotics for pulmonary
bacterial coinfections in selected patients who are critically ill or in the
ICU settinga

Weak/Moderate (2B)

3. We recommend routine prescription of a single antipseudomonal
antibiotic for pulmonary secondary bacterial infections in the non-
critically ill or non-ICU settinga

Strong/Moderate (1B)

4. Double antipseudomonal antibiotics and/or anti-MRSA antibiotics may
be prescribed, based on local epidemiology, for pulmonary secondary
bacterial infections in the critically ill or ICU settinga

Weak/Low (2C)

IV. Role of diagnostic tools

1. Syndromic diagnostic testing (multiplex PCR) may be performed, if
available, to improve, streamline, discontinue, or avoid antimicrobial
use in critically ill COVID-19 patients based on its excellent sensitivity,
high negative predictive value, and a significantly shorter turnaround
time

Weak/Moderate (2B)

2. Syndromic diagnostic testing (multiplex PCR) should be performed
using specimens obtained from the endotracheal tube or BAL, to avoid
over diagnosis of pulmonary CABI, and conventional cultures should be
systematically performed in parallel

Strong/Moderate (1B)

3. Syndromic diagnostic testing (multiplex PCR) using specimens
obtained from the nasopharyngeal swabs is not recommended to guide
antimicrobial treatment during the early phase of COVID-19 patients

Strong/Low (1C)

4. We suggest restricting the use of antimicrobial drugs in mild-to-
moderately ill patients with COVID-19 infection, especially in those with
low, initial PCT levels (<0.25 ng/mL)

Weak/Low (2C)

5. We suggest early de-escalation or discontinuation of antibiotics in
COVID-19 patients with low PCT levels (<0.25 ng/mL)

Weak/Low (2C)

6. We suggest serial PCT measurement in all patients during
hospitalization, especially in critically ill or ICU patients under
mechanical ventilation

Weak/Low (2C)

(continued on next page)
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Table 1 (continued )

Disease Recommendation Strength of
Recommendation/
Quality of Evidence

COVID-19 Associated

Pulmonary

Aspergillosis (CAPA)

I. Diagnosis

1. We suggest modified AspICU or ECMM/ISHAM consensus for the
diagnosis of CAPA

Weak/Very low (2D)

2. Currently, there is no gold standard for the diagnosis of CAPA. We
suggest clinicians not to rely entirely on these definitions for the
diagnosis of CAPA, and encourage clinical judgment when diagnosing
invasive pulmonary aspergillosis in a COVID-19 patient

Weak/Very low (2D)

3. Considering the feasibility of the diagnostic procedure, non-directed
BAL may be an alternative to directed BAL to aid in the diagnosis of CAPA

Weak/Very low (2D)

II. Prophylaxis and treatment

1. We suggest against routine antifungal prophylaxis in COVID-19
patients based on currently available data

Weak/Very low (2D)

2. Antifungal prophylaxis using azoles with activity against molds should
be guided by risk stratification, knowledge of the local fungal
epidemiology, and the efficacy and tolerability profile of available
agents

Weak/Very low (2D)

3. We recommend antifungal treatment for proven, probable, possible,
and putative CAPA.

Strong/Moderate (1B)

4. Single or sequential monotherapy with voriconazole (VOR),
isavuconazole (ISZ), posaconazole (POS), liposomal-amphotericin B (L-
ampB) is recommended

Strong/Low (1C)

5. Amphotericin-B deoxycholate (AmpB-d)b and echinocandinsc may be
considered as an alternative therapy

Strong/Low (1C)

6. We recommend adjustment of antifungal regimen according to the
identified Aspergillus speciesd, treatment response, adverse effect, and
TDM

Strong/Low (1C)

7. We suggest reference to the local prevalence rate of resistance or the
drug susceptibility test when choosing the drug of choice in antifungal
regimens when sequential monotherapy or combination therapy is
considered

Weak/Low (2C)

8. Combination therapy may be considered if drug-resistant fungal
infection is a concerne, such as when coinfections may be due to
triazole-resistant Aspergillus spp., or when coincidence of triazole-
resistant Candida spp. Or mucormycosis occurs in CAPA

Weak/Low (2C)

9. We suggest that the treatment duration of antifungal agents should be
determined by the clinical and laboratory evidence of treatment
response, such as serum GM testing and chest imaging, and may be
discontinued after 6e12 weeks, after a comprehensive evaluation for
risk of recurrence

Weak/Very low (2D)

COVID-19 Associated

Candidiasis (CAC)

I. Diagnosis

1. Candida score may not have a role for early detection of CAC among
COVID-19 patients

Weak/Low (2C)

II. Treatment

1. Fluconazole is recommended as the first-line, empirical therapy for
non-critically ill patients or those with a low risk of azole-resistant
Candida speciesf

Strong/High (1A)

2. Echinocandins are recommended as the first-line, empirical therapy
for critically ill patients; those with a history of recent azole exposure;
or a high risk of fluconazole-resistant Candida speciesf

Strong/High (1A)

3. For candidemia caused by C. auris, echinocandins are recommended Strong/Low (1C)
4. Liposomal amphotericin B or amphotericin B deoxycholate may be
considered if there is persistent candidemia or clinically
unresponsiveness to treatment with echinocandins without evidence of
resistance to amphotericin Bf

Weak/Low (2C)

5. Recommendations for treatment of CAC other than bloodstream
infection are referred to the “2016 guidelines for the use of antifungal

H.-Y. Wu, P.-H. Chang, Y.-S. Huang et al.
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Table 1 (continued )

Disease Recommendation Strength of
Recommendation/
Quality of Evidence

agents in patients with invasive fungal diseases in Taiwan”
6. For patients with fungus balls or casts in the pyelum or urinary bladder
caused by Candida spp. Requiring surgical intervention, delayed
operation may be considered after balancing the risk to the patient and
the risk of SARS-CoV-2 transmission

Weak/Low (2C)

COVID-19 Associated

Mucormycosis (CAM)

I. Treatment

1. Strict glycemic control and optimization of corticosteroids use is
recommended

Strong/Low (1C)

2. Both antifungal therapy and immediate surgical debridement are
recommended for CAM. For patients who need debridement, surgical
intervention should not be delayed, and the operation should be
performed with appropriate personal protective equipment in a well-
established facility to prevent transmission of SARS-CoV-2

Strong/Low (1C)

3. Primary therapy: The panel recommends 4e6 weeks of induction and
consolidation treatment.
Liposomal amphotericin B is recommended as the primary therapy with a
dose of 5 mg/kg/day in patients without CNS involvement, or 10 mg/kg/
day for those with CNS involvementg

Strong/Moderate (1B)

4. Alternative therapyh:
A. Amphotericin B deoxycholate (1e1.5 mg/kg/day) should be
administered in 5% dextrose with slow infusion over 6e8 h, at the rate of
0.08 mg/kg/hour. Pre-medication with diphenhydramine or
acetaminophen, prior to infusion, to avoid drug-related reaction is
recommended. To avoid nephrotoxicity, 1 L of normal saline can be given
before and after the infusion.

Strong/Moderate (1B)

B. Posaconazole is preferably given intravenously, or by oral tablet, at a
dose of 300 mg twice daily on day 1, followed by 300 mg once dailyi

Strong/Low (1C)

C. Isavuconazole is preferably given intravenously, or by oral tablet, at a
dose of 200 mg three times a day for two days, followed by 200 mg daily
starting on day 3

Strong/Low (1C)

5. Maintenance therapy: Treatment duration of 3e6 months is
recommended, until resolution of clinical signs and symptoms
A. Posaconazole is preferably given intravenously, or by oral tablet, at a
dose of 300 mg twice daily on day 1, followed by 300 mg once daily

Strong/Low (1C)

B. Isavuconazole is preferably given intravenously, or by oral tablet, at a
dose of 200 mg three times a day for two days, followed by 200 mg daily
starting on day 3

Strong/Low (1C)

a Please refer to “Recommendations and guidelines for the treatment of pneumonia in Taiwan” J Microbiol Immunol Infect 2019 Feb;
52 (1):172e199.

b The MIC of amphotericin B for Aspergillus spp. Ranges from 0.75 to 8 mg/L in Taiwan.111 A higher dose is recommended for CAPA or
combination regimen should be considered.

c Echinocandins should not be used as monotherapy if other options are available, unless when used for salvage therapy.190
d May refer to Table 4. “Recommendations for management of COVID-19 associated pulmonary aspergillosis (CAPA) according to

Aspergillus species and the risk of drug resistance”.
e Combination therapy are usually given to patients on immunosuppressant or in high-risk patients. A higher mortality was observed

compared to those given monotherapy/sequential monotherapy.
f Please refer to the “2016 guidelines for the use of antifungal agents in patients with invasive fungal diseases in Taiwan”. J Microbiol

Immunol Infect 2018 Feb; 51 (1):1e17. https://pubmed.ncbi.nlm.nih.gov/28781150/.
g Give in 200 mL 5% dextrose with infusion over 2e3 h.
h Listed in the order of strength of recommendation.
i Intravenous is preferred over oral formulation.

Abbreviations: ICU: intensive care units, WBC: white blood cell, CRP: C-reactive protein, PCT: procalcitonin, IL-6: interleukin-6, CAP:
community-acquired pneumonia, MRSA: Methicillin-resistance Staphylococcus aureus, PCR: polymerase chain reaction, BAL: bron-
choalveolar lavage, ECMM/ISHAM: European Confederation for Medical Mycology and the International Society for Human and Animal
Mycology, TDM: therapeutic drug monitoring, GM: galactomannon, CNS: central nerve system.
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2. We recommend a comprehensive microbiologic workup
before administration of empirical antibiotics in COVID-
19 patients to facilitate adjustment, de-escalation, or
discontinuation of antibiotics. (Strong recommendation,
low quality of evidence) (1C)

Clinical presentations
What are the clinical presentations suggestive of COVID-19-
associated bacterial infection (CABI) that may justify the
prescription of antibiotics?

Recommendation
1. Critically ill COVID-19 patients, including patients who

need to be admitted to the ICU or are mechanically
ventilated, may have a higher risk of acquiring CABI and
may require antibiotic use. (Weak recommendation,
moderate quality of evidence) (2B)

2. Higher white blood cell (WBC) counts, higher C-reactive
protein (CRP) values or a procalcitonin (PCT) level
>0.5 ng/mL may indicate a higher possibility of having
CABI. However, we suggest against using serum bio-
markers alone to decide when to start antimicrobials,
especially when the patient is not critically ill. (Weak
recommendation, low quality of evidence) (2C)

3. We do not suggest routine administration of antibiotics
for COVID-19 patients receiving immunomodulatory
agents, such as corticosteroids and interleukin-6 (IL-6)
inhibitors, given the weak evidence that these agents
may predispose to secondary bacterial infections. (Weak
recommendation, moderate quality of evidence) (2B)

Choice of antimicrobials in patients with suspect
bacterial infections
CABI may occur in sites other than the respiratory tract,
such as the urinary tract, bloodstream, skin and soft tissue
and others. Our recommendations are for bacterial pul-
monary co-infections or secondary infections in COVID-19
patients.

What is the strategy of antibiotic prescription in COVID-19
patients with clinical suspicion of bacterial pulmonary
infection, based on the clinical severity in non-critically
ill or non-ICU versus critically ill or ICU setting?

Recommendation
1. We suggest the use of empirical antibiotics to cover both

typical and atypical pathogens in community-acquired
pneumonia (CAP) when pulmonary bacterial coin-
fections occur in the non-critically ill or non-ICU setting.
(Weak recommendation, low quality of evidence) (2C)

2. We suggest empirical, add-on anti-MRSA antibiotics for
pulmonary bacterial coinfections in selected patients
who are critically ill or in the ICU setting. (Weak
recommendation, moderate quality of evidence) (2B)

3. We recommend routine prescription of a single anti-
pseudomonal antibiotic for pulmonary secondary bac-
terial infections in the non-critically ill or non-ICU
setting. (Strong recommendation, moderate quality of
evidence) (1B)

4. Double antipseudomonal antibiotics and/or anti-MRSA
antibiotics may be prescribed, based on local epidemi-
ology, for pulmonary secondary bacterial infections in
the critically ill or ICU setting. (Weak recommendation,
low quality of evidence) (2C)
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Role of diagnostic tools
What is the role of syndromic diagnostic testing (multiplex
PCR) in the diagnosis of pulmonary CABI and in guiding
antibiotics use in COVID-19 patients?

Recommendation
1. Syndromic diagnostic testing (multiplex PCR) may be per-

formed, if available, to improve, streamline, discontinue,
or avoid antimicrobial use in critically ill COVID-19 patients
based on its excellent sensitivity, high negative predictive
value, and a significantly shorter turnaround time. (Weak
recommendation, moderate quality of evidence) (2B)

2. Syndromic diagnostic testing (multiplex PCR) should be
performed using specimens obtained from the endotra-
cheal tube or bronchoalveolar lavage (BAL), to avoid over
diagnosis of pulmonary CABI, and conventional cultures
should be systematically performed in parallel. (Strong
recommendation, moderate quality of evidence) (1B)

3. Syndromic diagnostic testing (multiplex PCR) using
specimens obtained from the nasopharyngeal swabs is
not recommended to guide antimicrobial treatment
during the early phase of COVID-19 patients. (Strong
recommendation, low quality of evidence) (1C)

What is the role of procalcitonin in guiding use of
antibiotics in COVID-19 patients?

Recommendation
1. We suggest restricting the use of antimicrobial drugs in

mild-to-moderately ill patients with COVID-19 infection,
especially in those with low, initial procalcitonin (PCT)
levels (<0.25 ng/mL). (Weak recommendation, low
quality of evidence) (2C)

2. We suggest early de-escalation or discontinuation of
antibiotics in COVID-19 patients with low PCT levels
(<0.25 ng/mL). (Weak recommendation, low quality of
evidence) (2C)

3. We suggest serial PCT measurement in all patients dur-
ing hospitalization, especially in critically ill or ICU pa-
tients under mechanical ventilation. (Weak
recommendation, low quality of evidence) (2C)

COVID-19 associated pulmonary aspergillosis
(CAPA)

Diagnosis

Which criteria is recommended for the diagnosis of
CAPA?
Recommendation
1. We suggest modified AspICU or ECMM/ISHAM consensus

for the diagnosis of CAPA. (Weak recommendation, very
low quality of evidence) (2D)

2. Currently, there is no gold standard for the diagnosis of
CAPA. We suggest clinicians not to rely entirely on these
definitions for the diagnosis of CAPA, and encourage
clinical judgment when diagnosing invasive pulmonary
aspergillosis in a COVID-19 patient. (Weak recommen-
dation, very low quality of evidence) (2D)

Can non-directed bronchoalveolar lavage (BAL) specimen
help in the diagnosis of CAPA?
Recommendation
1. Considering the feasibility of the diagnostic procedure,

non-directed BAL may be an alternative to directed BAL
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to aid in the diagnosis of CAPA. (Weak recommendation,
very low quality of evidence) (2D)
Prophylaxis and treatment

Can antifungal prophylaxis reduce the incidence of CAPA
or improve the clinical outcomes in patients with COVID-
19 with acute respiratory failure?
Recommendations
1. We suggest against routine antifungal prophylaxis in

COVID-19 patients based on currently available data.
(Weak recommendation, very low quality of evidence)
(2D)

2. Antifungal prophylaxis using azoles with activity
against molds should be guided by risk stratification,
knowledge of the local fungal epidemiology, and the
efficacy and tolerability profile of available agents.
(Weak recommendation, very low quality of evidence)
(2D)

What is the appropriate treatment regimen for CAPA?
Recommendation
1. We recommend antifungal treatment for proven, prob-

able, possible, and putative CAPA. (Strong recommen-
dation, moderate quality of evidence) (1B)

2. Single or sequential monotherapy with voriconazole
(VOR), isavuconazole (ISZ), posaconazole (POS),
liposomal-amphotericin B (L-ampB) is recommended.
(Strong recommendation, low quality of evidence) (1C)

3. Amphotericin-B deoxycholate (AmpB-d) and echino-
candins may be considered as an alternative therapy.
(Strong recommendation, low quality of evidence) (1C)

4. We recommend adjustment of antifungal regimen ac-
cording to the identified Aspergillus species, treatment
response, adverse effect, and therapeutic drug moni-
toring (TDM). (Strong recommendation, low quality of
evidence) (1C)

5. We suggest reference to the local prevalence rate of
resistance or the drug susceptibility test when choosing
the drug of choice in antifungal regimens when
sequential monotherapy or combination therapy is
considered. (Weak recommendation, low quality of ev-
idence) (2C)

What is the role of combination antifungal therapy for
CAPA?
Recommendation
1. Combination therapy may be considered if drug-resistant

fungal infection is a concern, such as when coinfections
may be due to triazole-resistant Aspergillus spp., or
when coincidence of triazole-resistant Candida spp., or
mucormycosis occurs in CAPA. (Weak recommendation,
low quality of evidence) (2C)

What is the optimal antifungal treatment duration for
CAPA?

1. We suggest that the treatment duration of antifungal
agents should be determined by the clinical and labo-
ratory evidence of treatment response, such as serum
galactomannan (GM) testing and chest imaging, and may
be discontinued after 6e12 weeks, after a comprehen-
sive evaluation for risk of recurrence. (Weak recom-
mendation, very low quality of evidence) (2D)
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COVID-19 associated candidiasis (CAC)

Diagnosis

What is the utility of diagnostic criteria, such as candida
score, for the diagnosis of CAC?
Recommendation
1. Candida score may not have a role for early detection of

CAC among COVID-19 patients. (Weak recommendation,
low quality of evidence) (2C)

Treatment

What is the optimal treatment regimen for COVID-19
associated candidemia?
Recommendation
1. Fluconazole is recommended as the first-line, empirical

therapy for non-critically ill patients or those with a low
risk of azole-resistant Candida species. (Strong recom-
mendation, high quality of evidence) (1A)

2. Echinocandins are recommended as the first-line,
empirical therapy for critically ill patients; those with
a history of recent azole exposure; or a high risk of
fluconazole-resistant Candida species. (Strong recom-
mendation, high quality of evidence) (1A)

3. For candidemia caused by C. auris, echinocandins are
recommended. (Strong recommendation, low quality of
evidence) (1C)

4. Liposomal amphotericin B or amphotericin B deoxy-
cholate may be considered if there is persistent candi-
demia or clinically unresponsiveness to treatment with
echinocandins without evidence of resistance to
amphotericin B. (Weak recommendation, low quality of
evidence) (2C)

What is the optimal treatment regimen for CAC other
than bloodstream infections?
Recommendation
1. Recommendations for treatment of CAC other than

bloodstream infection are referred to the “2016 guide-
lines for the use of antifungal agents in patients with
invasive fungal diseases in Taiwan”.23

2. For patients with fungus balls or casts in the pyelum or
urinary bladder caused by Candida spp. Requiring sur-
gical intervention, delayed operation may be considered
after balancing the risk to the patient and the risk of
SARS-CoV-2 transmission. (Weak recommendation, low
quality of evidence) (2C).

COVID-19 associated mucormycosis (CAM)

Treatment

What’s the recommendation for the management of CAM?
Recommendation

1. Strict glycemic control and optimization of corticoste-
roids use is recommended. (Strong recommendation,
low quality of evidence) (1C)

2. Both antifungal therapy and immediate surgical
debridement are recommended for CAM. For patients
who need debridement, surgical intervention should not
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be delayed, and the operation should be performed with
appropriate personal protective equipment in a well-
established facility to prevent transmission of SARS-
CoV-2. (Strong recommendation, low quality of evi-
dence) (1C)

3. Primary therapy: The panel recommends 4e6 weeks of
induction and consolidation treatment.
A. Liposomal amphotericin B is recommended as the

primary therapy with a dose of 5 mg/kg/day in pa-
tients without central nerve system (CNS) involve-
ment, or 10 mg/kg/day for those with CNS
involvement. (Strong recommendation, moderate
quality of evidence) (1B)

4. Alternatives for primary therapy: The alternative regi-
mens for induction and consolidation are listed in the
order of strength of recommendation.
A. Amphotericin B deoxycholate (1e1.5 mg/kg/day)

should be administered in 5% dextrose with slow
infusion over 6e8 h, at the rate of 0.08 mg/kg/hour.
Pre-medication with diphenhydramine or acetamino-
phen, prior to infusion, to avoid drug-related reaction
is recommended. To avoid nephrotoxicity, 1 L of
normal saline can be given before and after the
infusion. (Strong recommendation, moderate quality
of evidence) (1B)

B. Posaconazole is preferably given intravenously, or by
oral tablet, at a dose of 300 mg twice daily on day 1,
followed by 300 mg once daily. (Strong recommen-
dation, low quality of evidence) (1C)

C. Isavuconazole is preferably given intravenously, or by
oral tablet, at a dose of 200 mg three times a day for
two days, followed by 200 mg daily starting on day 3.
(Strong recommendation, low quality of evidence)
(1C)

5. Maintenance therapy: Treatment duration of 3e6
months is recommended, until resolution of clinical
signs and symptoms.
A. Posaconazole is preferably given intravenously, or by

oral tablet, at a dose of 300 mg twice daily on day 1,
followed by 300 mg once daily. (Strong recommen-
dation, low quality of evidence) (1C)

B. Isavuconazole is preferably given intravenously, or by
oral tablet, at a dose of 200mg three times a day for two
days, followed by 200mgdaily starting onday 3. (Strong
recommendation, low quality of evidence) (1C)
COVID-19 associated bacterial infections

The actual prevalence of CABI was unclear and variable
during the first wave of COVID-19 global pandemic, as it
may be influenced by different diagnostic methods, spec-
imen types, time of specimen collection, as well as sea-
sonal factors. Recent studies indicate that the incidence of
coinfections ranged between 3.5% and 8%, and secondary
bacterial infections between 13.1% and 20%, regardless of
the site of infection.2,3,10 The most common sites of
infection in CABI involve the lower respiratory tracts,
bloodstream, and urinary tracts.10,24 Klebsiella pneumo-
niae, Streptococcus pneumoniae, S. aureus, and Haemo-
philus influenzae were the most common pathogens
isolated from clinical specimens. For those with secondary
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bacterial infections, Acinetobacter spp., Pseudomonas
aeruginosa, Escherichia coli, K. pneumoniae, and Entero-
coccus faecium were the most frequent causative patho-
gens, irrespective of the site of infection.3,10

Physicians frequently prescribed antibacterial antibi-
otics empirically during the first wave of COVID-19
pandemic, mainly due to the concern for CABI during a
time when the prevalence of CABI was unknown and some
antibiotics were believed to have an in vitro treatment
effect for SARS-CoV-2 virus.25 However, with increasing
evidence from published studies, COVID-19 associated
bacterial coinfection is now known to be less common than
influenza associated bacterial coinfection.26 In contrast,
secondary bacterial infections tend to be more common,
with a higher mortality in COVID-19 patients than in pa-
tients with influenza.27

Both bacterial coinfections and secondary infections
are associated with significant increase in mortality and a
trend towards a longer length of hospital stay.3,24 Pre-
scribing antibiotics in a COVID-19 patient should adhere to
the principles of antimicrobial stewardship, and a
comprehensive evaluation for CABI, including clinical
symptoms, obtaining microbiology evidences and inflam-
matory biomarkers, is crucial and may help to optimize
outcomes.28,29
Should routine antibiotics be given to every COVID-
19 patient?

Recommendation

1. We recommend against routine prescription of antibi-
otics in COVID-19 patients. The prescription of antibi-
otics should be based on clinical justifications, such as
disease manifestations, disease severity, radiographic
imaging, and laboratory data. (Strong recommendation,
moderate quality of evidence) (1B)

2. We recommend a comprehensive microbiologic workup
before administration of empirical antibiotics in COVID-
19 patients to facilitate adjustment, de-escalation, or
discontinuation of antibiotics. (Strong recommendation,
low quality of evidence) (1C)

Summary of the evidence
In a meta-analysis that included 171 studies, the preva-
lence of bacterial coinfection in COVID-19 patients was only
5.1% (95% confidence interval [CI] 3.6e7.1%) and secondary
bacterial infections were over 2-fold higher at a rate of
13.1% (95% CI 9.8e17.2%).10 Collectively, the overall inci-
dence of respiratory tract infections and/or bloodstream
infections was 8.8%.10 This concurred with previous reports
in which the prevalence of CABI ranged between 3.5 and
10%.2,4,5,12,14,26,30e36 The incidence rate of bacterial coin-
fections in influenza patients appears to be higher than in
COVID-19 patients, ranging from 2% to 65%, with majority of
the studies ranging between 11% and 35%.37

Despite a relatively low prevalence of CABI, prescription
of antibiotics reached over 70% in COVID-19
patients.12,24,30,38e49 Over-prescription of antibiotics may
cause unnecessary adverse events, lengthen hospital stay,
increase medical expenditure,50e52 and impact on



Journal of Microbiology, Immunology and Infection 56 (2023) 207e235
antimicrobial resistance. In particular, multidrug resistance
pathogens are a great concern in the COVID-19 era,53,54 and
effective antimicrobial stewardship to ensure appropriate
use of antibiotics is urgently needed. COVID-19 patients
who were given antibiotics with clinical justifications were
found to have lower mortality rates, higher discharge rates,
and shorter length of hospital stay; compared to those who
were given antibiotics without clinical justifications.28 Cli-
nicians should prescribe empirical antibiotics for COVID-19
patients with a more judicious approach based clinically
on disease manifestations, disease severity, radiographic
imaging, and laboratory data.30,55,56 Strategies of antimi-
crobial stewardship programs for hospitalized COVID-19
patients recommended that in the first 48 h of hospitali-
zation, focus is placed on obtaining the relevant microbi-
ologic diagnostic tests. After 48e96 h of hospitalization, it
is important to evaluate for antibiotic discontinuation,
especially if microbiology results are negative; or de-
escalation of antibiotics, based on identified pathogens
and results of susceptibility testing.47,57
What are the clinical presentations suggestive of
COVID-19-associated bacterial infection (CABI) that
may justify the prescription of antibiotics?

Recommendation

1. Critically ill COVID-19 patients, including patients who
need to be admitted to the ICU or are mechanically
ventilated, may have a higher risk of acquiring CABI and
may require antibiotic use. (Weak recommendation,
moderate quality of evidence) (2B)

2. Higher white blood cell (WBC) counts, higher C-reactive
protein (CRP) values or a PCT level of >0.5 ng/mL may
indicate a higher possibility of having CABI. However, we
suggest against using serum biomarkers alone to decide
when to start antimicrobials, especially when the pa-
tient is not critically ill. (Weak recommendation, low
quality of evidence) (2C)

3. We do not suggest routine administration of antibiotics
for COVID-19 patients receiving immunomodulatory
agents, such as corticosteroids and interleukin-6 (IL-6)
inhibitors, given the weak evidence that these agents
may predispose to secondary bacterial infections. (Weak
recommendation, moderate quality of evidence) (2B)

Summary of the evidence
It is important for clinicians to identify the risk factors for
CABI since high-risk populations would benefit from
empirical antimicrobial treatment, while over-prescription
of antibiotics in low-risk patients may increase antimicro-
bial resistance. Advanced age, underlying comorbidities,
use of immunomodulators, elevation of certain serum bio-
markers, and lobar opacities or consolidations on chest
radiography were found to be associated with CABI in
several studies.4,5,13,14,26,32,34e36,41,44,45,49,58e61 A meta-
regression including 171 studies and 17,262 patients to
identify risk factors associated with bacterial coinfection,
adjusted by age and severity index, concluded that COVID-
19 patients who were admitted to the ICU (adjusted odds
ratio [aOR] 18.83, 95% CI 6.48e54.77) and those who were
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under mechanical ventilation (aOR 1.41, 95% CI 1.30e1.52),
had a higher risk of bacterial infections. However, under-
lying comorbidities such as chronic obstructive pulmonary
disease, cardiovascular disease, diabetes mellitus, and the
use of systemic corticosteroids and interleukin-6 inhibitors
were not associated with greater odds of bacterial in-
fections in COVID-19 patients.10

The role of inflammatory biomarkers, such as PCT, CRP
and WBC, in the diagnosis of COVID-19 bacterial infections
remains uncertain due to its low specificity in non-COVID-19
bacterial infections. Studies were mostly retrospective,
with variable cut-off values. We conducted a meta-analysis
of 32 studies, and found that higher WBC counts (online
supplementary Fig. S1), higher CRP levels (online
supplementary Fig. S2), or a PCT >0.5 ng/mL (online
supplementary Fig. S3(B)) were more prevalent in those
with bacterial coinfections or secondary infections,
compared to those without bacterial infections. However,
these results must be interpreted with caution since high
heterogeneity existed between studies. We advise that the
interpretation of laboratory data should take into account
the underlying diseases and individual baseline levels. For
example, higher values can be observed in patients with
autoinflammatory disorders. Due to a low sensitivity and
specificity, laboratory data cannot be used alone to di-
agnose a bacterial infection.31,47 In contrast, these bio-
markers may have a greater role in excluding bacterial
infections. As demonstrated in two large cohort studies
including over 1000 patients, low levels of WBC count, CRP
and PCT may help to rule out bacterial infections.12,31 A
negative predictive value exceeding 98% for bacterial in-
fections was obtained using a cut off value for WBC count of
<8800/mL, CRP <119.8 mg/dL.12,13 Another study demon-
strated that a PCT level of <0.1 ng/mL may have a negative
predictive value � 98% for bacterial infections.31 The clin-
ical presentations should always remain as the most deci-
sive factor for the diagnosis of bacterial infections.
Choice of antimicrobials in patients with suspected
bacterial infections

CABI may occur in sites other than the respiratory tract,
such as the urinary tract, bloodstream, skin and soft tissue,
and others. Our recommendations are for bacterial pul-
monary co-infections or secondary infections in COVID-19
patients. The recommended antimicrobial therapy and
treatment duration are shown in Table 2.
What is the strategy of antibiotic prescription in COVID-
19 patients with clinical suspicion of bacterial pulmo-
nary infection, based on the clinical severity (in non-
critically ill or non-ICU versus critically ill or ICU setting)?
Should empirical antimicrobials for atypical pneumonia
be given to COVID-19 patients when clinical judgment
suggests the presence of bacterial pneumonia, in the
non-critically ill or non-ICU setting?

Recommendation

1. We suggest the use of empirical antibiotics to cover both
typical and atypical pathogens in community-acquired
pneumonia (CAP) when pulmonary coinfections occur



Table 2 Recommended treatment options for COVID-19 associated bacterial pulmonary infections (CABI).

Clinical syndrome Condition Recommended treatment Duration

Bacterial Coinfections Non-ICU or non-critically ill Empirical antibiotics to cover both typical and
atypical pathogens of CAP (2C)a

7 daysa,b

ICU or critically ill Empirical, add-on, anti-MRSA antibiotics in
selected patients (2B)a

7 daysa,b

Secondary bacterial infections Non-ICU or non-critically ill Routine prescription of a single
antipseudomonal antibiotic (1B)a

7 daysa,c

ICU or critically ill Double antipseudomonal and/or anti-MRSA
antibiotics may be prescribed based on local
epidemiology (2C)a

7 daysa,c

Abbreviations: ICU: intensive care units, CAP: community-acquired pneumonia, MRSA: Methicillin-resistance Staphylococcus aureus.
a Please refer to “Recommendations and guidelines for the treatment of pneumonia in Taiwan” J Microbiol Immunol Infect 2019 Feb;

52(1):172e199.
b If afebrile for 48 h and reached clinical stability.
c Treatment should be individualized, and longer treatment course may also be considered in patients with inappropriate initial

empirical therapy.
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in the non-critically ill or non-ICU setting. (Weak
recommendation, low quality of evidence) (2C)
Summary of the evidence
According to a systemic review and meta-analysis including
118 articles, the pooled prevalence of coinfection was 19%
and the most common atypical bacterial infection found in
COVID-19 patients was Mycoplasma pneumoniae, account-
ing for 4.3% of coinfection and 1.3% of secondary infection.3

The incidence rate of Mycoplasma pneumonia ranged from
9.7% to 42% in a mixed ward and ICU settings.6,62 One
retrospective study conducted in Europe using serology
tests found that 26% of the patients were positive for My-
coplasma IgM, 18% for Chlamydia IgM, and both were pre-
dictors for more severe symptoms.63 The varying incidence
of Mycoplasma coinfection in COVID-19 patients may be due
to geographical variation in epidemiology or the use of
different diagnostic tools. In addition, the results should be
interpreted carefully, as to whether a positive serology test
is the consequence of true coinfection or due to cross-
reactivity of antibodies during SARS-CoV-2 infection.
Similar results was demonstrated in a retrospective study of
139 hospitalized COVID-19 patients, where 79 patient has
positive results for Mycoplasma IgM and was associated with
a higher mortality (adjusted odds ratio 2.28, 95% confi-
dence interval 1.03 to 5.03).64 Legionella spp. is also a
common pathogen causing atypical pneumonia, however,
compared with M. pneumoniae and Candida pneumoniae,
Legionella spp. is rarely reported to co-infect with SARS-
CoV-2 and accounted for 0e1.5% of co-infection in COVID-
19 patients.55,65

The choice of empirical antimicrobials for CAP should
take into consideration the local epidemiology. Based on
local guidelines for the treatment of pneumonia in Taiwan,
empirical antibiotics prescription should cover both typical
and atypical pathogens in CAP patients with moderate
severity, defined as CURB-65 score of 2e3. A combination of
a beta-lactam antibiotic plus a macrolide is recommended.
If resistance to Mycoplasma is a concern, combination of a
beta-lactam antibiotic plus doxycycline, or monotherapy
with a respiratory fluoroquinolone is suggested.66
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Should anti-MRSA antibiotics be given to COVID-19
patients when clinical judgment suggests the
presence of bacterial pulmonary co-infection, in
the critically ill or ICU setting?

Recommendation

1. We suggest empirical, add-on anti-MRSA antibiotics for
pulmonary coinfections in selected patients who are
critically ill or in the ICU setting. (Weak recommenda-
tion, moderate quality of evidence) (2B)

Summary of the evidence
The prevalence of S. aureus infections among bacterial
coinfections in COVID-19 patients, regardless of the site of
infection, ranges from 6.5% to 25%.10,67 However, there is
scant literature describing the incidence and site of
methicillin-resistant S. aureus (MRSA) infection.

In a review of 115 COVID-19 patients coinfected with S.
aureus, most of the patients (53.9%) were admitted to ICU.
Among those patients, 49.6% of the S. aureus were MRSA
and the most common clinical syndrome was bacteremia,
which accounted for 63.4% of the patients, followed by
pneumonia (55.7%) and ventilator-associated pneumonia
(VAP) (38.3%). Most of the infections were considered as
secondary infections (76.5%), and only 16.5% were coin-
fections. The mortality rate in this study was high at
61.7%.68

In the United States, risk factors for CAP caused by
MRSA including previous influenza infection, end-stage
renal disease, lung abscess/empyema, and illicit sub-
stance use.69 In Taiwan, nasal colonization rates of S.
aureus was 22.1% in patients in the emergency department
(ED) and 26.1% in healthcare workers (HCWs). The nasal
carriage rates for MRSA was 7.8% in ED patients and 6.1% in
HCWs. MRSA accounted for 35.3% of S. aureus isolates in
ED patients and 23.4% in HCWs. Patients receiving hemo-
dialysis were significantly associated with MRSA coloniza-
tion (p Z 0.012).70 A higher incidence MRSA infection was
observed in bacterial coinfections in the ICU setting and
was related to poor outcome. Nasal screening for MRSA
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may be useful as a strategy for antibiotics stewardship,
and is reported to have a high specificity and NPV for ruling
out MRSA pneumonia, particularly in cases of CAP or
health-care associated pneumonia (HCAP).71 Based on
local guidelines for treatment of pneumonia in Taiwan,66

either vancomycin, teicoplanin, or linezolid is recom-
mended for treatment of patients suspected to have MRSA
pneumonia.
Should antipseudomonal antibiotics be given to
COVID-19 patients when clinical judgements
suggest the presence of secondary bacterial
pneumonia in the non-critically ill or non-ICU
setting?

Recommendation

1. We recommend routine prescription of a single anti-
pseudomonal antibiotic for pulmonary secondary bac-
terial infections in the non-critically ill or non-ICU
setting. (Strong recommendation, moderate quality of
evidence) (1B)

Summary of the evidence
The prevalence of P. aeruginosa as a pathogen among
secondary infection ranges from 9.8% to 10.8%. In addition
to P. aeruginosa, Acinetobacter spp., K. pneumoniae and E.
coli also play an important role in COVID-19 associated
secondary bacterial infection.3,10

According to a retrospective study in the United States
which included 64,691 patients, early exposure to corti-
costeroids and tocilizumab (interleukin-6 (IL-6) inhibitors)
increased the risk of secondary infection with incidence
rates of 5.7% and 9.9% respectively.24 However, other
studies did not report similar findings.10 Further prospec-
tive studies are needed to clarify whether COVID-19 pa-
tients are at risk for CABI due to use of corticosteroids
and/or IL-6 inhibitors, or simply due to the severity of
illness.

We suggest to follow the local guidelines for hospital-
acquired pneumonia (HAP) to treat pulmonary secondary
infections since the definitions are the same; and to take
into consideration the local epidemiology. The Taiwan
pneumonia guidelines recommend a single agent that can
cover P. aeruginosa for treatment of non-severe HAP.66
Should double antipseudomonal antibiotics, or
anti-MRSA antibiotics be given to COVID-19 patients
when clinical judgements suggest the presence of
pulmonary secondary infection in the critically ill
or ICU setting?

Recommendation

1. Double antipseudomonal antibiotics and/or anti-MRSA
antibiotics may be prescribed, based on local epidemi-
ology for pulmonary secondary infections in the critically
ill or ICU setting. (Weak recommendation, low quality of
evidence) (2C)
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Summary of the evidence
A multicenter, retrospective, European cohort study, con-
ducted in 36 ICUs including 1576 patients, showed that the
incidence rate of ventilator-associated lower respiratory
tract infections (VA-LRTI) was significantly higher in SARS-
CoV-2 pneumonia (50.5%), compared to influenza pneu-
monia (30.3%) or patients without viral infection (25.3%).
Gram-negative bacilli accounted for the majority of iso-
lated pathogens (82%e89.7%), including P aeruginosa,
Enterobacter spp., K. pneumoniae, E. coli, and Acineto-
bacter spp. COVID-19 patients had the lowest rate of
infection with multi-drug resistant isolates (23.3%). The
incidence rates of MRSA infection were 2.8% in COVID-19,
3.4% in influenza and 3.8% in patients without viral infec-
tion.72 S. aureus infections tend to occur as secondary in-
fections in critically ill COVID-19 patients and the overall
mortality was 61.7%. The proportion of MRSA among all S.
aureus isolates was 49.6%.68

Empirical antibiotics in COVID-19 associated secondary
infections in the ICU setting should follow local guidelines
for treatment of severe HAP or VAP, since the definitions
are the same. The Taiwan pneumonia guidelines recom-
mend empirical use of double anti-pseudomonal agents
when there is concern for multi-drug resistant bacteria.
Due to the relatively low incidence of HAP due to MRSA in
Taiwan compared to the Western countries, empirical anti-
MRSA agents should be considered only in high-risk groups,
such as patients with a history of MRSA infection or under
hemodialysis. We suggest that the gram stains should be
obtained as the results have a good negative predictive
value for MRSA pneumonia.66
What is the role of syndromic diagnostic testing
(multiplex PCR) in the diagnosis of pulmonary CABI
and in guiding antibiotics use in COVID-19 patients?

Recommendation

1. Syndromic diagnostic testing (multiplex PCR) may be
performed, if available, to improve, streamline, dis-
continue, or avoid antimicrobial use in critically ill
COVID-19 patients based on its excellent sensitivity, high
negative predictive value, and a significantly shorter
turnaround time. (Weak recommendation, moderate
quality of evidence) (2B)

2. Syndromic diagnostic testing (multiplex PCR) should be
performed using specimens taken from the endotracheal
tube or bronchoalveolar lavage (BAL) to avoid over
diagnosis of pulmonary CABI and conventional cultures
should be systematically performed in parallel. (Strong
recommendation, moderate quality of evidence) (1B)

3. Syndromic diagnostic testing (multiplex PCR) using
specimens obtained from the nasopharyngeal swabs is
not recommended to guide antimicrobial treatment
during the early phase of COVID-19 patients. (Strong
recommendation, low quality of evidence) (1C)

Summary of the evidence
Culture-based methods are often insensitive for diag-
nosing bacterial pneumonia due to antibiotic exposure
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prior to obtaining specimens, variation in plate growth
interpretation, or the challenges with cultivating fastid-
ious organisms.73,74 In a systematic review and meta-
analysis of seven studies including 558 critically ill,
COVID-19 patients, multiplex PCR (mPCR) detected a 33%
pooled incidence of co-infections,75 increasing the
detection rate almost 2-fold compared to culture (pooled
incidence of 18%).76e78 This was higher than reported in
previous meta-analyses.2,38 Several prospective and
retrospective studies showed good sensitivity and speci-
ficity of mPCR in the detection of bacterial pneumonia
with an overall sensitivity of 89.3%e100% and specificity
ranging between 98.3% and 99%.67,77,79 One prospective,
multicenter study enrolled 99 ICU patients and showed
that the sensitivity of mPCR was 100% compared with
conventional culture; and the specificity varied from
88.4% to 100% among different pathogens.76 Commercial-
ized mPCR platforms demonstrated a high negative pre-
dictive value of 99.7%e100%.67,77 Due to its high sensitivity
and negative predictive value, mPCR is useful to rule out
bacterial coinfections in the context of severe SARS-CoV-2
infection and act as a guide to avoid over-prescription of
antibiotics.76 Moreover, some syndromic diagnostic testing
also provide the ability to identify SARS-CoV-2 and other
respiratory pathogens simultaneously along with antibiotic
resistance gene mutations.

An additional advantage of syndromic diagnostic testing
is a significantly shorter median turnaround time when
using mPCR compared to conventional cultures. The mPCR
was associated with an approximately 1 and 2 day reduction
in turnaround time for pathogen identification and detec-
tion of resistance targets, respectively.67,75,77 Multiplex
PCR had a positive impact on appropriate antibiotic use in
critically ill, COVID-19 patients with suspected coinfection
or superinfection (67 patients, 112 respiratory samples).
Antibiotic use was modified or initiated earlier in 34% (38/
112) of the episodes (including 16 withdrawals, 13 initia-
tions, 3 adaptations, 5 de-escalations and one change
resulting in inadequacy). Unnecessary use of antibiotics was
discontinued in 43% of the cases, and in patients who had a
negative mPCR, 28% of the episodes stayed antibiotic-
free.79

Molecular methods increased the rate of microbial
detection in respiratory samples of COVID-19 patients. Re-
sults with � 106 copies/mL can be utilized for early modi-
fication of antibiotic therapy,76 however, it is important to
discern colonization from infection. Results should be
interpreted with caution when bacterial nucleic load
is � 105 copies/mL, especially when commensal oral flora
are detected. Discordant results with a positive mPCR and
negative cultures were mostly characterized by low bac-
terial loads (104e105 colony forming units (cfu)/mL),67 or
the presence of commensal oral flora.76 In contrast, the
majority (90%) of positive cultures that was not detected by
mPCR were polymicrobial, with bacterial loads that varied
between 104 and 105 cfu/mL.67 It is important to remember
that some pathogens which play an important role in
nosocomial infections are not included in the molecular
panel, such as Stenotrophomonas maltophilia.67

A prospective, cohort study evaluated the mPCR
screening approach to detect bacterial coinfections in
COVID-19 patients at admission by nasopharyngeal
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sampling, and found a higher rate (43% vs 28e32%) of pos-
itive mPCR results than other studies. A positive result may
be due to colonization rather than infection, as it was not
correlated with ICU admission, mortality, and inflammatory
biomarkers. Antimicrobial treatment in those with a posi-
tive mPCR was not associated with reduced rate of ICU
admission and mortality, but had a longer hospital stay.65

Therefore, syndromic diagnostic testing using specimens
obtained from the nasopharyngeal swabs is not recom-
mended to guide antimicrobial treatment during the early
phase of COVID-19 patients.
What is the role of procalcitonin in guiding use of
antibiotics in COVID-19 patients?

Recommendation

1. We suggest restricting the use of antimicrobial drugs in
mild-to-moderately ill patients with COVID-19 infection,
especially in those with low, initial PCT levels (<0.25 ng/
mL). (Weak recommendation, low quality of evidence)
(2C)

2. We suggest early de-escalation or discontinuation of
antibiotics in COVID-19 patients with low PCT levels
(<0.25 ng/mL). (Weak recommendation, low quality of
evidence) (2C)

3. We suggest serial PCT measurement in all patients dur-
ing hospitalization, especially in critically ill or ICU pa-
tients under mechanical ventilation. (Weak
recommendation, low quality of evidence) (2C)

Summary of the evidence
PCT is an inflammatory biomarker that is elevated during
bacterial infection and may decline in response to anti-
biotic therapy. It has been used to differentiate between
viral infection with and without bacterial coinfection and
may help determine when antibiotic therapy can be dis-
continued.80 However, some studies suggested that PCT has
a limited role in differentiating community-acquired bac-
terial coinfection from SARS-CoV-2 infection.81e83 The use
of PCT testing to guide antibiotics treatment in COVID-19
patients is confounded by the hyperinflammatory status
or cytokine storm induced by SARS-CoV-2 infection, which
may result in a higher PCT production than in other viral
pneumonia.84e87

A low PCT level at initial presentation has a high nega-
tive predictive value to rule out bacterial coin-
fections.82,88e91 On the other hand, an initially high PCT
level did not provide additional value to traditional clinical
criteria or laboratory data, such as fever or hypothermia,
white blood cell count �12,000/mm3, purulent sputum,
need for O2 supplement, imaging consistent with CAP,
positive respiratory culture with a respiratory pathogen
and/or a positive Streptococcus or Legionella bacterial
urinary antigen, in predicting bacterial CAP co-infection.83

Early PCT sampling, defined as within less than 6 h of
admission, may have false negative results. The negative
predictive value of PCT for bacterial coinfection is ex-
pected to be more accurate when sampled on the day after
admission, and it is advised to avoid PCT assays on day 0 of
admission.92
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An elevated PCT may be an indicator of bacterial co-
infection. A small, retrospective study including 147 pa-
tients with COVID-19 pneumonia found that the majority
of patients had low levels of PCT <0.25 ng/mL (101, 69%)
and negative cultures (146, 99%). The one patient with a
positive bacterial culture had a markedly elevated PCT
level.93 Another small, retrospective study demonstrated
that patients in the general ward and the ICU who devel-
oped secondary bacterial infections (32/99, 32%) had
higher PCT and CRP levels at admission and during their
hospital stay. Peaking of the PCT and CRP levels corre-
sponded with the time of diagnosis of secondary bacterial
infection.90

COVID-19 patients who are critically ill and admitted to
the ICU are at a higher risk of nosocomial infection
compared to those in the general ward.14 Bacterial pneu-
monia, especially VAP, is one of the most common sec-
ondary bacterial infection in patients with severe COVID-
19.94 Elevated PCT level was the only biomarker that
differentiated between VAP and non-VAP group (p Z 0.001)
in a small study including 73 patients.95 Another retro-
spective, single-center, cohort study showed that a pre-
specified rise in PCT by 50%, compared to a previous value
at any time point, was significantly associated with the
occurrence of secondary bacterial infection in critically ill,
COVID-19 patients.96 Therefore, serial PCT measurement is
recommended in all patients during hospitalization, espe-
cially in critically ill or ICU patients, as it may be more
predictive of secondary or nosocomial bacterial infection
than a single point measurement.

Several studies have investigated the role of PCT levels
in antibiotics stewardship in COVID-19 patients with PCT-
based algorithms, the most commonly used cut-off value
was 0.25 ng/mL.88,92,93,97,98 Early de-escalation or discon-
tinuation of antibiotics, within 24 h after admission, in
COVID-19 patients with low PCT levels (<0.25 ng/mL) ap-
pears to be safe and is associated with a shorter length of
hospital stay and potentially lower hospital costs.93
COVID-19 associated pulmonary aspergillosis
(CAPA)

Since the emergence of the COVID-19 pandemic, invasive
pulmonary aspergillosis (IPA) has been increasingly recog-
nized in patients with severe COVID-19,99,100 termed as
“COVID-19-associated pulmonary aspergillosis (CAPA)”. The
pathophysiology of CAPA is not well understood; however, it
is considered the result of interactions between the path-
ogen, host immunity and environmental factors.101 The
incidence of CAPA varies in different countries. In two
recent systematic review and meta-analyses, the estimated
incidence of CAPA was 10.2%102 and 14.9%103 in patients
with severe COVID-19. Apart from Most of the included
cohort studies were conducted in European countries, and
only one was done in China. The local epidemiology of CAPA
in Taiwan requires further research. Patients with CAPA
may lack classic host factors for invasive fungal disease,
such as underlying hematologic malignancy or being
immunocompromised, which is similar to influenza-
associated pulmonary aspergillosis (IAPA).104 The median
time between diagnosis of influenza and IAPA was short,
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often within the first 5 days. Most cases of CAPA developed
late in the course of admission, which was distinctly
different from IAPA, with a median time to diagnosis of 9
days from an initial SARS-CoV-2 positive test.101 The risk
factors of CAPA include patients with older age, underlying
chronic obstructive pulmonary disease (COPD) and who are
receiving long-term corticosteroid treatment.103

A definite diagnosis of IPA is based on pathological or
mycological evidence from a lower respiratory tract (LRT)
specimen. However, due to concerns with the risk of
transmission, bronchoscopy was not routinely performed in
patients with COVID-19, impeding the diagnosis of IPA.105

The following diagnostic criteria for CAPA are commonly
used in research or clinical practice: (1) European Organi-
zation for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National
Institute of Allergy and Infectious Diseases Mycoses Study
Group (EORTC/MSG) definitions,106 (2) AspICU algorithm107

and modified AspICU algorithm,18,104 (3) case definitions
of influenza-associated pulmonary aspergillosis (IAPA),108

and (4) European Confederation for Medical Mycology and
the International Society for Human and Animal Mycology
(ECMM/ISHAM) consensus criteria.15

CAPA is associated with poor outcomes, including earlier
ICU admission from illness onset, increased mechanical
ventilation requirement, multi-organ dysfunction and higher
all-cause in-hospital mortality.103,109 The mortality of ICU
patients with CAPA was as high as 51.2%e54.9%.102,110

Local prevalence of drug resistance should be consid-
ered when selecting anti-mold agents. In Taiwan, 14.3% of
common Aspergillus species in clinical isolates showed
resistance to one or two classes of antifungal agents. The
rate of azole resistance in clinical isolates of Aspergillus
fumigatus was 3e4%.111,112 Another single-center study
found a 10.2% azole resistant rate in environmental A.
fumigatus isolates, but none in the clinical isolates.113

Azole-resistance was not detected in any of the clinical or
environmental isolates of other Aspergillus spp. Including
Aspergillus flavus, Aspergillus oryzae, Aspergillus niger or
Aspergillus terreus.113
Which criteria is recommended for the diagnosis of
CAPA?

Recommendation

1. We suggest modified AspICU or ECMM/ISHAM consensus
for the diagnosis of CAPA. (Weak recommendation, very
low quality of evidence) (2D)

2. Currently, there is no gold standard for the diagnosis of
CAPA. We suggest clinicians not to rely entirely on these
definitions for the diagnosis of CAPA, and encourage
clinical judgment when diagnosing invasive pulmonary
aspergillosis in a COVID-19 patient. (Weak recommen-
dation, very low quality of evidence) (2D)

Summary of the evidence
Several criteria are commonly used for diagnosis of CAPA
including AspICU107 or modified AspICU,104 IAPA,108 revised
EORTC/MSG criteria,106 and ECMM/ISHAM consensus
criteria.15 These criteria harbored differences in several
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aspects, such as host factors, classification and definition of
invasive aspergillosis, or the methods used for mycological
detection. Only the ECMM/ISHAM consensus was developed
specifically for COVID-19 patients. For invasive aspergillosis
not belonging to the “proven” category, IAPA, revised
EORTC/MSG criteria, and ECMM/ISHAM consensus catego-
rized them as “probable” or “possible,” whereas AspICU
and modified AspICU criteria categorized them as “puta-
tive” or “colonizer.” Diagnostic fungal biomarkers and
molecular methods, such as galactomannan (GM) test or the
Aspergillus PCR, were not included in the original AspICU
criteria.107 In addition, the GM test in non-BAL specimen
was adopted only by the ECMM/ISHAM consensus. A com-
parison of these criteria is shown in online supplementary
Table S2.

In previously published meta-analyses,102,103,110 the
pooled incidence rate of CAPA ranged from 10% to 15%, and
the mortality was around 50%. The definition of CAPA used
in these studies included a various combination of the
above criteria. We performed a meta-analysis of 12 studies
to compare the incidence and outcome of CAPA diagnosed
by the different criteria.99,114e124 Overall, the pooled
incidence rate of CAPA in ICU patients was 12%. The
modified AspICU and IAPA criteria increased detection of
CAPA, resulting in a higher incidence rate (15.4% and 15.0%,
respectively), while the EORTC/MSG criteria yielded the
lowest incidence rate of 5.9%. The incidence of CAPA
detected by the AspICU criteria and ECMM/ISHAM consensus
was 11.9% and 10.5, respectively. In our analysis, the
pooled in-hospital or 30-day mortality was 57% in CAPA
patients. In the ICU setting, patients with CAPA diagnosed
by the EORTC/MSG criteria (80% vs 33%; risks ratio [RR]:
2.37, 95% confidence interval [CI], 1.81e3.10; p < 0.001) or
AspICU criteria (56.1% vs 26.6%; RR: 2.35, 95% CI,
1.68e3.28; p < 0.001) were associated with a higher risk of
in-hospital or 30-day mortality, compared to those without
CAPA (online supplementary Fig. S4).

Currently, there is no standard criteria for the diagnosis
of CAPA. We suggest to consider using the modified AspICU
or ECMM/ISHAM consensus for the diagnosis of CAPA, based
on the inclusion of entry host factors, the type of fungal
biomarkers and molecular method (GM test or Aspergillus
PCR), the diagnostic rate, and disease severity identified by
these two criteria. However, some of the proposed criteria
were developed primarily for research purposes to classify
patients homogenously, and not designed for clinical use.
Also, most criteria were developed prior to the COVID-19
pandemic and therefore, did not take into account the
unique features of CAPA. Therefore, we suggest that the
diagnosis of CAPA and the decision-making for management
in clinical practice should not rely entirely on these
criteria, and management should be tailored to include
clinical judgment for the individual patient.
Can non-directed bronchoalveolar lavage (BAL)
specimen help in the diagnosis of CAPA?

Recommendation

1. Considering the feasibility of the diagnostic procedure,
non-directed BAL may be an alternative to directed BAL
222
to aid in the diagnosis of CAPA. (Weak recommendation,
very low quality of evidence) (2D)

Summary of the evidence
Respiratory samples are the preferred specimens for diag-
nosis of IPA. BAL specimen for GM testing plays a key role in
the diagnosis of IPA in the ICU setting, and high levels of GM
(GM index >2.5) in the BAL fluid were observed in patients
with presumed CAPA.125 Bronchoscopy allows a direct in-
spection of the trachea and bronchi, which is necessary for
the diagnosis of aspergillus tracheobronchitis.126 However,
obtaining mycological evidence of CAPA is limited by the
concern for the risk of aerosolization and SARS-CoV-2
transmission to healthcare workers during diagnostic
bronchoscopy.127e129 LRT secretions such as sputum or
tracheal aspirates are commonly used as a surrogate. But,
discerning between colonization from invasive pulmonary
disease upon the detection of Aspergillus in specimens of
the LRT remains challenging. Therefore, collection of res-
piratory samples from non-directed BAL has been proposed
as an alternative method to aid the diagnosis of CAPA (non-
directed BAL fluid is obtained by a blind application of
10e20 mL saline recovered by aspiration via a closed suc-
tion system in a patient who is intubated).15,120

Potential methods to detect Aspergillus spp. In non-
directed BAL fluid include fungal culture, GM testing by
enzyme immunoassay (EIA), lateral flow assays (LFAs) or
lateral flow devices (LFDs), and PCR.15 Agreement of LFA
with the EIA for GM was excellent (k Z 0.702) when testing
non-directed BAL or BAL fluid obtained from 23 patients
with putative CAPA.130 However, the recommended GM
cutoff values for the diagnosis of CAPA using non-directed
BAL fluid have not been established. A single center, pro-
spective, cohort study of 42 patients demonstrated a
sensitivity of 86% and specificity of 95% for the diagnosis of
CAPA, based on AspICU criteria, with a non-directed BAL GM
cutoff value of 1 optical density (OD) index.120

To date, there are very few well-designed studies that
compare the diagnostic accuracy of non-directed BAL
versus directed BAL for the diagnosis of CAPA. A prospec-
tive, cohort study compared the performance of GM-EIA
and GM-LFA on tracheal aspirate in critically ill COVID-19
patients, for diagnosis of CAPA based on the modified
AspICU criteria. With a cutoff value of 2 OD, the sensitivity
and specificity of GM-EIA was 57.1% and 81.5%, respec-
tively. In comparison, GM-LFA had a similar sensitivity of
60%, but lower specificity of 72.6%.121
Can antifungal prophylaxis reduce the incidence of
CAPA or improve the clinical outcome in patients
with COVID-19 in acute respiratory failure?

Recommendations

1. We suggest against routine antifungal prophylaxis in
COVID-19 patients based on currently available data.
(Weak recommendation, very low quality of evidence)
(2D)

2. Antifungal prophylaxis using azoles with activity against
molds should be guided by risk stratification, knowledge
of the local fungal epidemiology, and the efficacy and
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tolerability profile of available agents. (Weak recom-
mendation, very low quality of evidence) (2D)

Summary of the evidence
The relatively high prevalence rate of CAPA in critically ill
COVID-19 patients requiring invasive ventilation, and the
associated high mortality rates of over 50%, raises the
important question of whether antifungal prophylaxis with
mold-active agents is effective in preventing CAPA in se-
vere COVID-19 patients. The evidence remains controver-
sial as to whether antifungal prophylaxis can reduce
mortality due to IPA in these high-risk patients. Currently,
there are no well-designed, prospective studies on the
efficacy of antifungal prophylaxis to reduce the incidence
of CAPA. Neither has the optimal dosing or the class of
antifungal agent recommended for antifungal prophylaxis
been evaluated. Two observational studies conducted in
Europe demonstrated a significant benefit of antifungal
prophylaxis in lowering the incidence of CAPA by 85e92%,
in critically ill COVID-19 patients who have a high proba-
bility of developing fungal infections. However, there was
no reduction in mortality rate. One study administered
posaconazole 300 mg twice daily for 2 doses then 300 mg
once daily for prophylaxis and the other study prescribed
inhaled liposomal amphotericin-B 12.5 mg twice
weekly.131,132 Current guidelines in Taiwan for the use of
antifungal agents in hematological malignancies and he-
matopoietic stem cell transplant recipients recommend
preventive strategies to reduce the risk of invasive
aspergillosis in high risk patients, even when asymptom-
atic, due to significant mortality associated with invasive
fungal disease.133 Based on limited evidence, we suggest
that prophylactic, mold-active, antifungal agents may be
considered in selected, high risk patients, if likely to be of
clinical benefit after careful risk assessment. A compre-
hensive, individualized, risk-benefit assessment should be
done, taking into account the local epidemiology of CAPA,
including the local resistance rates of Aspergillus, the
efficacy, tolerability, bioavailability, profiles of adverse
reactions and potential drug interactions, availability of
expertise and diagnostic tools, and costs. We recommend
consulting a microbiologist and infectious disease
specialist.
What is the appropriate treatment regimen for
CAPA?

Recommendation (Table 3, Table 4)

1. We recommend antifungal treatment for proven, prob-
able, possible, and putative CAPA. (Strong recommen-
dation, moderate quality of evidence) (1B)

2. Single or sequential monotherapy with voriconazole
(VOR), isavuconazole (ISZ), posaconazole (POS),
liposomal-amphotericin B (L-ampB) is recommended.
(Strong recommendation, low quality of evidence) (1C)

3. Amphotericin-B deoxycholate (AmpB-d) and echino-
candins may be considered as an alternative therapy.
(Strong recommendation, low quality of evidence) (1C)

4. We recommend adjustment of antifungal regimen ac-
cording to the identified Aspergillus species, treatment
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response, adverse effect, and therapeutic drug moni-
toring (TDM). (Strong recommendation, low quality of
evidence) (1C)

5. We suggest reference to the local prevalence rate of
resistance or the drug susceptibility test when choosing
the drug of choice in antifungal regimens when sequential
monotherapy or combination therapy is considered.
(Weak recommendation, low quality of evidence) (2C)
Summary of the evidence
The overall mortality for CAPA was high, ranging from 43% to
71.4%, across studies with different CAPA definition and
epidemiology; two meta-analyses showed that antifungal
treatment did not affect mortality.102,110 However, a trend
towards lower mortality with antifungal treatment was
observed in 3 cohort studies. The mortality in CAPA ranged
from 59% to 100% without antifungal treatment, and declined
to a rate of 38.5% and 62.5% with treatment.19,123,134 One
meta-analysis of 20 studies demonstrated that none of the
host risk factors, results of mycological test, therapy for
COVID-19 and antifungal therapy affected mortality in pa-
tients with CAPA, and suggested that early diagnosis and
prompt therapy may be pivotal in optimizing the outcome.110

Before the COVID-19 pandemic, high risk patients for IPA
included those with underlying hematological malignancy,
organ transplant recipients, neutropenia, ICU patients
requiring mechanical ventilation and severe influenza.104 In
clinical trials and observational studies of patients with
proven or probable invasive aspergillosis, 3-months survival
ratewas thehighest inpatientswho received isavuconazole or
voriconazole based therapy (60e75%), followed by ampho-
tericin B and then echinocandin therapy (less than
50e60%).135e137 To date, there are no RCTs regarding which
regimen is themostappropriate treatment forCAPA.Themost
common regimens prescribed for CAPA include voriconazole,
isavuconazole, and amphotericin B.138 During the firstwaveof
COVID-19 from 2020 to 2021, some patients with CAPA were
treated with monotherapy while others received sequential
monotherapy with triazoles, echinocandins, and amphoter-
icinB.Oneprospective,multicenter, cohort study including 30
patients diagnosedwith probable CAPA, found that treatment
with voriconazole had a trend towards lowermortality (46% vs
59% pZ 0.30) and a reduction in GM index over time.123 Most
cases received sequential monotherapy and adjustment were
made based on the response of the treatment, TDM, side ef-
fects, and de-escalation from intravenous infusion to oral
tablets.139 To date, there is no study published on the corre-
lation between drug susceptibility ofAspergillus spp. Isolated
from clinical specimens and treatment response in CAPA pa-
tients, and currently, a highmortality rate is observed despite
appropriate antifungal treatment.
What is the role of combination antifungal therapy
for CAPA and what is the optimal antifungal
treatment duration for CAPA?

Recommendation

1. Combination therapy can be considered if drug-resistant
fungal infection is a concern, such as when coinfections



Table 3 Recommended treatment options for COVID-19 associated pulmonary aspergillosis (CAPA).

Definition (Criteria) Diagnostic criteria Recommendations Duration

Proven Histology, Blood
culture (þ),

Monotherapy or sequential monotherapy: (1C)
Voriconazole: 6 mg/kg IV q12h x 2 doses, then 4 mg/
kg IV q12h
Isavuconazole: 200 mg IV q8h x 6 doses, then 200 mg
IV qd
Posaconazole: 300 mg IV q12h x 2 doses, then 300 mg
IV qd
Liposomal amphotericin B: 3e5 mg/kg IV qda

6e12 weeks (2D)d

Probable (IAPA,
EORTC/MSG,
ISHAM)

Putative (AspICU)

Respiratory.
Aspergillus culture/
PCR (þ)
Blood GM (þ), and/or
BAL GM (þ)

Alternative monotherapy: (2C)
Amphotericin B deoxycholate: 1.0e1.5 mg/kg IV qda

Micafunginb: 100 mg IV qd
Caspofungin: 70 mg IV loading dose, then 50 mg IV qd
Anidulafungin: 200 mg IV loading dose, then 100 mg IV
qd
Combination Treatment:c (2C)
Voriconazole þ Anidulafungin
Voriconazole þ Caspofungin
Isavuconazole þ Liposomal amphotericin B

Possible (EORTC/
MSG, ISHAM)

Putative (AspICU)

Endotracheal aspirate
GM (þ)/PCR (þ)

Colonization (AspICU) Discuss with
infectious diseases
specialist (antifungal
therapy may not be
needed)

Abbreviations: BAL: bronchoalveolar lavage, EORTC/MSG: European Organization for Research and Treatment of Cancer and the My-
coses Study Group Education and Research Consortium, GM: galactomannan, IAPA: Influenza-associated pulmonary aspergillosis, ISHAM:
The International Society for Human & Animal Mycology, IV: intravenous, MIC: minimum inhibition concentration, PCR: polymerase chain
reaction, q12h: every 12 h, q8h: every 8 h, qd: once per day.

a The MIC of amphotericin B for Aspergillus spp. Ranges from 0.75 to 8 mg/L in Taiwan.111 A higher dose is recommended for CAPA or
combination regimen should be considered.

b Echinocandins should not be used as monotherapy if other options are available, unless when used for salvage therapy.190
c Combination therapy are usually given to patients on immunosuppressant or in high-risk patients. A higher mortality was observed

compared to those given monotherapy/sequential monotherapy. Current clinical evidence is insufficient to recommend any one of the
different combination regimens over the other.

d Treatment duration of antifungal agents is determined by the clinical and laboratory evidence of response, such as blood GM testing
and chest imaging, and may be discontinued after 6e12 weeks after a comprehensive evaluation for risk of recurrence.
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may be due to triazole-resistant Aspergillus spp., or
when co-incidence of triazole-resistant Candida spp., or
mucormycosis occurs in CAPA. (Weak recommendation,
low quality of evidence) (2C)
Table 4 Recommendations for management of COVID-19 assoc
species and the risk of drug resistance.

Aspergillus species Risk of drug resistance

A. nidulans complex,
A. sydowii, A.
versicolor
complex, A.
lentulus, A.
luchuenusis

Higher resistance rate to
amphotericin B

A. fumigatus, A.
flavus, A.
nidulans, A.
versicolor, A.
ustus, and others.

Increased resistance to azoles
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2. We suggest that the treatment duration of antifungal
agents should be determined by the clinical and labo-
ratory evidence of treatment response, such as serum
GM testing and chest imaging, and may be discontinued
iated pulmonary aspergillosis (CAPA) according to Aspergillus

Recommendations

1. Avoid amphotericin B, or use with caution.
2. May consider combination treatment if drug
resistance is suspected and in severe CAPA (2C)

1. Close monitoring of treatment response.
2. May consider combination treatment or sequential
monotherapy if drug resistance is suspected (2C)
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after 6e12 weeks, after a comprehensive evaluation for
the risk of recurrence. (Weak recommendation, very low
quality of evidence) (2D)

Summary of the evidence
Combination treatment was given to 19 patients diagnosed
with CAPA during the period of Jan, 2020 to Dec, 2021, and
the proportion of patients receiving combination treatment
was 10e83% in 3 small case series.118,134,140 The mortality
was high, ranging from 52 to 70%.118,134,140 There is
currently no study that assessed the benefit of combination
therapy compared with mono- or sequential therapy on
mortality.

To date, there is no RCT that focuses on the optimal
treatment duration of the antifungal therapy. Without
antifungal treatment, most patients died within 30 days
after diagnosis of CAPA.123,140 For patients with CAPA who
survived, the mortality was similar compared to non-CAPA
patients after at least 2 months of follow up.140 A treat-
ment duration of 6e12 weeks is recommended for CAPA by
the ECMM/ISHAM expert panel and based on the IDSA
guidelines141 for treatment of patients with invasive
aspergillosis.

COVID-19 associated candidiasis

Invasive candidiasis is one of the most important
healthcare-associated fungal infection caused by Candida
species, which results in substantial morbidity and mortal-
ity. During the ongoing COVID-19 global pandemic, COVID-
19 associated candidiasis (CAC) has been reported
frequently among critically ill COVID-19 patients in many
countries.142 According to five retrospective studies on the
clinical characteristics and outcome of CAC, severe COVID-
19 patients who are critically ill or mechanically ventilated
had a higher incidence of candidemia compared with non-
COVID-19 critically ill patients. Associated risk factors for
CAC include longer ICU stay, corticosteroid use, old age,
presence of sepsis, mechanical ventilation use, and
indwelling central venous catheter. Candida albicans re-
mains the most commonly isolated Candida spp. Among
both COVID-19 and non-COVID critically ill patients in
several case series.142e146 However, Candida auris was the
most prevalent Candida species reported in some
geographical areas such as India, and empirical antifungal
therapy should take into consideration the local
epidemiology.147

What is the utility of diagnostic criteria, such as
candida score, for the diagnosis of CAC?

Recommendation
Candida score may not have a role for early detection of
CAC among COVID-19 patients (Weak recommendation, low
quality of evidence) (2C).

Summary of the evidence
One of the key challenges to the management of CAC is
early recognition of invasive candidiasis among COVID-19
patients. One retrospective study including 236 episodes of
candidemia (105 episodes in COVID-19 patients and 131 in
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non-COVID-19 patients) showed that over one-third of the
patients died before receiving antifungal therapy and the
28-day mortality rate was significantly higher in COVID-19
patients (87.5% vs 67.9%, p Z 0.02).145 There was no dif-
ference in the Candida scores between COVID-19 and non-
COVID-19 patients with candidemia.145 Invasive candidi-
asis should be suspected in patients with known risk fac-
tors, or who develop fever with undetermined etiology,
and/or poor response to antibacterial therapy.20,148

Although previous studies demonstrated that critically ill
patients with Candida colonization in multiple sites, i.e. a
high Candida score, may benefit from early antifungal
treatment.149,150 Whether this is applicable to patients with
COVID-19 remains uncertain due to the lack of studies on
the sensitivity and specificity of Candida score in COVID-19
patients. Based on limited evidence, the panel is in doubt
of the role Candida score alone may have for early detec-
tion of CAC among COVID-19 patients.
What is the optimal treatment regimen for COVID-
19 associated candidemia?

Recommendation (Table 5)

1. Fluconazole is recommended as the first-line, empirical
therapy for non-critically ill patients or those with a low
risk of azole-resistant Candida species (Strong recom-
mendation, high quality of evidence) (1A).

2. Echinocandins are recommended as the first-line,
empirical therapy for critically ill patients; those with
a history of recent azole exposure; or a high risk of
fluconazole-resistant Candida species (Strong recom-
mendation, high quality of evidence) (1A).

3. For candidemia caused by C. auris, echinocandins are
recommended (Strong recommendation, low quality of
evidence) (1C).

4. Liposomal amphotericin B or amphotericin B deoxy-
cholate may be considered if there is persistent candi-
demia or clinically unresponsiveness to treatment with
echinocandins without evidence of resistance to
amphotericin B (Weak recommendation, low quality of
evidence) (2C).
Summary of the evidence
The diagnosis and management of CAC is based on pre-
existing knowledge and the conventional approach before
the COVID-19 pandemic. For non-critically ill patients or
those with a low risk of azole-resistant Candida species,
fluconazole remains the drug of choice for candidemia. For
critically ill patients, or those with a history of recent azole
exposure, or with a high risk of fluconazole-resistant
Candida species, echinocandins are recommended as the
first-line therapy.23,148

The recent emergence of C. auris to cause sporadic
cases or outbreaks in many countries worldwide is of
concern due to its extensive resistance to antifungal agents
and high mortality (up to 64%).151e159 The overall suscep-
tibility rate of C. auris to fluconazole was 10.7% and
amphotericin B 43.1%, in 75 clinical isolates from patients
with COVID-19. In contrast, the overall susceptibility rate of



Table 5 Recommended treatment options for COVID-19 associated candidiasis (CAC).

Clinical syndrome Condition Recommendations Duration

Bloodstream infection
(BSI) (candidemia)

Non-critically ill or
low risk of azole-
resistance

Fluconazole IV 6 mg/kg qd (1A) At least 14 days; refer
to the previous
guidelinea,b

Critically ill or high
risk of azole-
resistance

Echinocandins (1A)

C. auris Echinocandins (1C) Amphotericin B (2C)c

Sites other than BSIa Management in
general

Antifungal treatmenta Refer to the previous
guidelinea,e

Fungus balls or casts
in the pyelum or
urinary bladder

Surgeryd

a Please refer to the “2016 guidelines for the use of antifungal agents in patients with invasive fungal diseases in Taiwan”. J Microbiol
Immunol Infect 2018 Feb; 51 (1):1e17. https://pubmed.ncbi.nlm.nih.gov/28781150/.

b Recommended duration of therapy for candidemia without obvious metastatic complications is 14 days after documented clearance
of Candida from the bloodstream and resolution of signs and symptoms attributable to candidemia.

c If persistent candidemia or clinically unresponsiveness to treatment with echinocandins.
d Delayed operation may be considered after balancing the risk to the patient and the risk of SARS-CoV-2 transmission.
e Treatment duration depends on the site of infection.

Abbreviations: BSI: blood stream infection, IV: intravenous, qd: once per day.
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C. auris to caspofungin, micafungin, and anidulafungin was
90%, 98.2%, and 97.2%, respectively.155e160 Echinocandin-
or pan-resistant C. auris has been reported in health-care
settings.161 Based on the current published literature, the
panel recommends echinocandins as the first-line therapy
for candidemia caused by C. auris. For treatment of
persistent candidemia under echinocandin treatment,
liposomal amphotericin B or amphotericin B deoxycholate
can be considered in the absence of resistance.
What is the optimal treatment regimen for CAC
other than bloodstream infections?

Recommendation

1. Recommendations for treatment of CAC other than
bloodstream infection are referred to the “2016 guide-
lines for the use of antifungal agents in patients with
invasive fungal diseases in Taiwan”.23

2. For patients with fungus balls or casts in the pyelum or
urinary bladder caused by Candida requiring surgical
intervention, delayed operation may be considered after
balancing the risk to the patient and the risk of SARS-
CoV-2 transmission (Weak recommendation, low qual-
ity of evidence) (2C).

Summary of the evidence
The management of CAC, involving sites other than the
bloodstream, is mostly based on pre-existing knowledge
before the COVID-19 pandemic. In the current Taiwan
guidelines for management of candidiasis, surgical inter-
vention is recommended in adults with fungus balls or casts
in the pyelum or urinary bladder.23 However, considering
the potential risk of SARS-CoV-2 transmission, the panel
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suggests that with antifungal treatment, deferral of surgi-
cal intervention may be considered after weighing the risk
to the patient.
COVID-19 associated mucormycosis

The prevalence of CAM varies in different geographic re-
gions due to differences in humidity and temperature.4

According to a recent systematic review and a large,
multicenter, cohort study conducted in India, the esti-
mated prevalence of CAM is around 0.3%, which is much
lower than that of CAC and CAPA.162 CAM appears to
develop in the late stage of COVID-19; the median time
from COVID-19 onset to CAM diagnosis was 13e18 days in
different studies and may even develop as late as 42 days
following the diagnosis of COVID-19.163

Diabetes mellitus remains the most common risk factor
for developing CAM (60%e92%), other risk factors including
steroid use, severe COVID-19 and high blood glucose levels
(blood glucose >200 mg/dL); on the contrary, zinc therapy
was found to be protective (aOR 0.05, 95% CI
0.01e0.19).164,165 Risk factors of CAM-associated mortality
include ICU admission, pulmonary involvement as well as
disseminated infection.166

CAM can be classified into rhino-cerebral-orbital
mucormycosis (RCOM), pulmonary, gastrointestinal, cuta-
neous, and disseminated mucormycosis. RCOM is the most
common clinical syndrome (42%), and pulmonary mucor-
mycosis accounted for 10%.163,167 In a study of 2826 patients
with COVID-19-associated ROCM, the most frequent symp-
toms were orbital/facial pain (23%), followed by orbital/
facial edema (21%), loss of vision (19%), ptosis (11%), and
nasal block (9%).168 Symptoms of pulmonary mucormycosis
include pyrexia, cough and dyspnea, which was relatively

https://pubmed.ncbi.nlm.nih.gov/28781150/
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nonspecific and may be difficult to differentiate from
symptoms of COVID-19 or bacterial pneumonia.169
What’s the recommendations for the management
of CAM?

Recommendation (Table 6)

1. Strict glycemic control and optimization of corticoste-
roids use is recommended. (Strong recommendation,
low quality of evidence) (1C)

2. Both antifungal therapy and immediate surgical
debridement are recommended for CAM. For patients
who need debridement, surgical intervention should not
be delayed, and the operation should be performed with
appropriate personal protective equipment in a well-
established facility to prevent transmission of SARS-
CoV-2. (Strong recommendation, low quality of evi-
dence) (1C)

3. Primary therapy: The panel recommends 4e6 weeks of
induction and consolidation treatment.
A. Liposomal amphotericin B is recommended as the

primary therapy with a dose of 5 mg/kg/day in pa-
tients without CNS involvement, or 10 mg/kg/day for
those with CNS involvement. (Strong recommenda-
tion, moderate quality of evidence) (1B)

4. Alternatives for primary therapy: The alternative regi-
mens for induction and consolidation are listed in the
order of strength of recommendation.
A. Amphotericin B deoxycholate (1e1.5 mg/kg/day)

should be administered in 5% dextrose with slow
infusion over 6e8 h, at the rate of 0.08 mg/kg/hour.
Pre-medication with diphenhydramine or
Table 6 Recommended Treatment options for COVID-19 associ

Condition Preferred

Primary therapy
(induction &
consolidation)

Liposomal amphotericin B IV 5 mg/kg qd
or IV 10 mg/kg qd for those with CNS
involvement (1B)a

Maintenance therapy Isavuconazole 200 mg IV or PO q8h for 6
doses, followed by 200 mg IV/PO qd
(1C)d

Posaconazole 300 mg IV or PO q12h for
doses, followed by 300 mg IV/PO qd
(1C)d

a Give in 200 mL 5% dextrose with infusion over 2e3 h.
b Listed in the order of strength of recommendation.
c Give in 5% dextrose with slow infusion over 6e8 h, at the rate of 0

be given before and after infusion. Pre-mediate with diphenhydra
reaction.

d Intravenous is preferred over oral formulation.
e The duration is usually 3e6 months, until resolution of clinical sig

immune status.
Abbreviation: IV: intravenous, q8h: every 8 h, q12h: every 12 h, qd:
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acetaminophen, prior to infusion, to avoid drug-
related reaction is recommended. To avoid nephro-
toxicity, 1 L of normal saline can be given before and
after the infusion. (Strong recommendation, moder-
ate quality of evidence) (1B)

B. Posaconazole is preferably given intravenously, or by
oral tablet, at a dose of 300 mg twice daily on day 1,
followed by 300 mg once daily. (Strong recommen-
dation, low quality of evidence) (1C)

C. Isavuconazole is preferably given intravenously or by
oral tablet, at a dose of 200 mg three times a day for
two days, followed by 200 mg daily starting on day 3.
(Strong recommendation, low quality of evidence)
(1C)

5. Maintenance therapy: Treatment duration of 3e6
months is recommended, until resolution of clinical
signs and symptoms
A. Posaconazole is preferably given intravenously or by

oral tablet, at a dose of 300 mg twice daily on day 1,
followed by 300 mg once daily. (Strong recommen-
dation, low quality of evidence) (1C)

B. Isavuconazole is preferably given intravenously or by
oral tablet, at a dose of 200 mg three times a day for
two days, followed by 200 mg daily starting on day 3.
(Strong recommendation, low quality of evidence)
(1C)
Summary of the evidence
The management of CAM is similar to non-COVID-19 pa-
tients and generally follows published treatment guide-
lines.23,170 Strict glycemic control and optimization of
corticosteroids are highly recommended, since diabetes
and the use of corticosteroids have been found to be
ated mucormycosis (CAM).

Alternativesb Duration

, Amphotericin B deoxycholate 1.0
e1.5 mg/kg qd (1B)b,c

4e6 weeks

Isavuconazole 200 mg IV or PO q8h x 6
doses, followed by 200 mg IV/PO qd
(1C)b,d

Posaconazole 300 mg IV or PO q12h x 2
doses, followed by 300 mg IV/PO qd
(1C)b,d

3e6 monthse

2

.08 mg/kg/hour. To avoid nephrotoxicity, 1 L of normal saline can
mine or acetaminophen prior to infusion to avoid drug-related

ns and symptoms, and should be tailored based on the underlying

once per day.
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strongly correlated with the development of mucormy-
cosis.169 A prior study on mucormycosis among patients
with hematological malignancy showed that delayed initi-
ation of treatment �6 days after diagnosis resulted in a 2-
fold increase in mortality at 12 weeks after diagnosis even
with an appropriate regimen.171 A retrospective study
including 2826 CAM patients in India demonstrated that
immediate and extensive radiology-guided surgical inter-
vention in advanced mucormycosis reduced mortality rates
from 67% to 39% and slowed disease progression.168 A sys-
tematic review including 41 studies concluded that the
overall survival rate was higher in patients receiving both
antifungal therapy and surgical management, compared to
antifungal therapy alone (64.9% vs. 21.7%).172 The panel
strongly recommends prompt initiation of antifungals after
diagnosis of CAM. For patients who need debridement,
surgical intervention should not be delayed, and the oper-
ation should be performed with appropriate personal pro-
tective equipment in a well-established facility to prevent
transmission of SARS-CoV-2.

The panel recommends liposomal amphotericin B as the
first-line therapy based on both the guidelines published
before the COVID-19 pandemic and several case series and
retrospective studies focusing on CAM patients.21,168,173e178

Conventional dose is given at 5 mg/kg/day, with 10 mg/
kg/day recommended for those with CNS involvement. For
patients with endophthalmitis, intravitreal liposomal
amphotericin B injection may be considered.176 Amphoter-
icin B deoxycholate 1e1.5 mg/kg/day may be used as an
alternative to treat CAM.179 Nephrotoxicity is the major
drawback of amphotericin B deoxycholate and can be
reduced by isotonic saline infusion and premedication with
Figure 1. Treatment algorithm for C
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acetaminophen and diphenhydramine. Electrolyte imbal-
ance such as hypokalemia and hypomagnesemia should be
monitored.180 Isavuconazole alone or in combination with
amphotericin B has been approved for invasive mucormy-
cosis before the COVID-19 pandemic181 and was shown to be
effective for CAM in a case series.173 Posaconazole and
itraconazole are shown to be effective in vitro against Mucor
spp. Previous studies have shown satisfactory treatment
responses with use of posaconazole among non-COVID-19
patients182 or in combination with amphotericin B for
CAM.183 Therapeutic drug monitoring should be considered
while using posaconazole delayed-release tablet.184 Despite
a case series of CAM reporting treatment success by itraco-
nazole,185 the panel does not recommend itraconazole,
since clinical studies documenting its effectiveness against
mucormycosis remain lacking.

Further research comparing the efficacy of combination
therapy versus single antifungal therapy is needed.162,186

Oral azoles can be used as sequential therapy for CAM in
different clinical settings.183,187,188 A multicenter, retro-
spective study among CAM patients in India showed that
sequential therapy with posaconazole or isavuconazole after
amphotericin B was associated with improved survival.162

There is no clear evidence concerning the optimal
duration of treatment for CAM. Code Mucor, a compre-
hensive guideline for CAM, suggests that RCOM be treated
for 3e6 months.189 Based on the recommendations in the
previously published guideline,170 the panel suggests that
the treatment of CAM be continued until both clinical and
radiological resolution occurs and should be tailored to
each patient, based on the underlying immune status. A
treatment algorithm for CAM is provided (Fig. 1).
OVID-19 association mucormycosis.



Journal of Microbiology, Immunology and Infection 56 (2023) 207e235
Conclusion

The recommendations for management of COVID-19 asso-
ciated infections including CABI, CAPA, CAC and CAM are
included in this guideline to offer guidance to first-line
physicians who provide care for COVID-19 patients. The
incidence rate of COVID-19 associated infections varied
across different countries. The epidemiology and clinical
experience in published literature for management of
COVID-19 associated infections provided a preliminary
framework for guidance and care of these patients. We
suggest that local epidemiology should be considered in the
implementation of these guidelines. With the rapid evolu-
tion of the COVID-19 pandemic, we acknowledge that
further studies in the future will shape and modify the
current knowledge on and recommendations for manage-
ment of COVID-19 associated infections.
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Castiñeiras AC, Nouér SA. Increased incidence of candidemia
in a tertiary care hospital with the COVID-19 pandemic. My-
coses 2021;64:152e6.

145. Kayaaslan B, Eser F, Kaya Kalem A, Bilgic Z, Asilturk D,
Hasanoglu I, et al. Characteristics of candidemia in COVID-19
patients; increased incidence, earlier occurrence and higher
mortality rates compared to non-COVID-19 patients. Mycoses
2021;64:1083e91.

146. Macauley P, Epelbaum O. Epidemiology and Mycology of
Candidaemia in non-oncological medical intensive care unit

http://refhub.elsevier.com/S1684-1182(22)00284-5/sref113
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref113
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref113
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref113
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref113
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref114
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref114
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref114
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref114
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref114
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref115
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref115
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref115
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref115
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref115
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref116
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref116
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref116
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref116
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref116
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref117
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref117
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref117
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref117
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref117
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref118
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref118
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref118
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref118
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref118
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref119
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref119
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref119
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref119
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref119
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref120
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref120
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref120
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref120
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref120
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref121
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref122
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref122
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref122
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref122
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref122
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref123
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref123
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref123
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref123
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref123
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref124
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref124
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref124
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref124
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref124
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref125
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref125
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref125
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref125
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref126
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref126
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref126
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref126
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref126
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref127
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref127
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref127
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref127
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref128
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref128
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref128
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref128
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref128
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref129
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref130
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref130
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref130
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref131
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref131
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref131
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref131
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref132
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref132
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref132
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref132
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref132
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref133
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref134
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref134
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref134
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref134
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref134
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref135
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref135
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref135
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref135
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref136
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref136
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref136
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref136
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref137
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref137
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref137
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref137
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref138
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref138
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref138
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref139
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref139
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref139
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref139
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref140
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref140
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref140
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref140
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref140
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref141
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref142
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref142
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref142
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref142
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref142
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref143
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref144
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref144
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref144
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref144
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref144
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref145
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref146
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref146


H.-Y. Wu, P.-H. Chang, Y.-S. Huang et al.
patients in a tertiary center in the United States: overall
analysis and comparison between non-COVID-19 and COVID-19
cases. Mycoses 2021;64:634e40.

147. Arastehfar A, Carvalho A, Nguyen MH, Hedayati MT,
Netea MG, Perlin DS, et al. COVID-19-Associated candidiasis
(CAC): an Underestimated complication in the absence of
Immunological Predispositions? J Fungi (Basel) 2020;6.

148. Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA,
Ostrosky-Zeichner L, et al. Clinical practice guideline for
the management of candidiasis: 2016 update by the in-
fectious diseases Society of America. Clin Infect Dis 2016;
62:e1e50.

149. León C, Ruiz-Santana S, Saavedra P, Almirante B, Nolla-
Salas J, Alvarez-Lerma F, et al. A bedside scoring system
("Candida score") for early antifungal treatment in non-
neutropenic critically ill patients with Candida colonization.
Crit Care Med 2006;34:730e7.
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194. Dudoignon E, Caméléna F, Deniau B, Habay A, Coutrot M,
Ressaire Q, et al. Bacterial pneumonia in COVID-19 critically
ill patients: a case series. Clin Infect Dis 2021;72:905e6.

195. He S, Liu W, Jiang M, Huang P, Xiang Z, Deng D, et al. Clinical
characteristics of COVID-19 patients with clinically diagnosed
bacterial co-infection: a multi-center study. PLoS One 2021;
16:e0249668.

196. Saeed NK, Al-Khawaja S, Alsalman J, Almusawi S,
Albalooshi NA, Al-Biltagi M. Bacterial co-infection in patients
with SARS-CoV-2 in the Kingdom of Bahrain. World J Virol
2021;10:168e81.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jmii.2022.12.003.

http://refhub.elsevier.com/S1684-1182(22)00284-5/sref180
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref180
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref180
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref181
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref181
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref181
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref181
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref181
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref182
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref182
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref182
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref182
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref183
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref183
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref183
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref183
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref184
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref184
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref184
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref184
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref184
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref185
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref185
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref185
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref185
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref186
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref186
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref186
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref186
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref186
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref187
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref187
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref187
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref187
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref188
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref188
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref188
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref188
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref189
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref189
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref189
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref189
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref190
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref190
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref190
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref190
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref191
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref192
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref193
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref193
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref193
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref193
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref193
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref194
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref194
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref194
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref194
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref195
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref195
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref195
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref195
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref196
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref196
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref196
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref196
http://refhub.elsevier.com/S1684-1182(22)00284-5/sref196
https://doi.org/10.1016/j.jmii.2022.12.003

	Recommendations and guidelines for the diagnosis and management of Coronavirus Disease-19 (COVID-19) associated bacterial a ...
	Introduction
	Methodology
	Panel composition
	Process of guideline development
	Rating of the evidence and recommendation
	Literature search

	Definition
	COVID-19 associated bacterial infections (CABI)
	COVID-19 associated pulmonary aspergillosis (CAPA)
	COVID-19 associated candidiasis (CAC)
	COVID-19 associated mucormycosis (CAM)
	Severity of COVID-19 disease

	Summary of recommendations (Table 1)
	COVID-19 associated bacterial infections (CABI)
	General principles of treatment recommendations
	Should routine antibiotics be given to every COVID-19 patient?
	Recommendation


	Clinical presentations
	What are the clinical presentations suggestive of COVID-19-associated bacterial infection (CABI) that may justify the presc ...
	Recommendation


	Choice of antimicrobials in patients with suspect bacterial infections
	What is the strategy of antibiotic prescription in COVID-19 patients with clinical suspicion of bacterial pulmonary infecti ...
	Recommendation


	Role of diagnostic tools
	What is the role of syndromic diagnostic testing (multiplex PCR) in the diagnosis of pulmonary CABI and in guiding antibiot ...
	Recommendation

	What is the role of procalcitonin in guiding use of antibiotics in COVID-19 patients?
	Recommendation




	COVID-19 associated pulmonary aspergillosis (CAPA)
	Diagnosis
	Which criteria is recommended for the diagnosis of CAPA?
	Recommendation

	Can non-directed bronchoalveolar lavage (BAL) specimen help in the diagnosis of CAPA?
	Recommendation


	Prophylaxis and treatment
	Can antifungal prophylaxis reduce the incidence of CAPA or improve the clinical outcomes in patients with COVID-19 with acu ...
	Recommendations

	What is the appropriate treatment regimen for CAPA?
	Recommendation

	What is the role of combination antifungal therapy for CAPA?
	Recommendation

	What is the optimal antifungal treatment duration for CAPA?


	COVID-19 associated candidiasis (CAC)
	Diagnosis
	What is the utility of diagnostic criteria, such as candida score, for the diagnosis of CAC?
	Recommendation


	Treatment
	What is the optimal treatment regimen for COVID-19 associated candidemia?
	Recommendation

	What is the optimal treatment regimen for CAC other than bloodstream infections?
	Recommendation



	COVID-19 associated mucormycosis (CAM)
	Treatment
	What's the recommendation for the management of CAM?


	COVID-19 associated bacterial infections
	Should routine antibiotics be given to every COVID-19 patient?
	Recommendation
	Summary of the evidence

	What are the clinical presentations suggestive of COVID-19-associated bacterial infection (CABI) that may justify the presc ...
	Recommendation
	Summary of the evidence

	Choice of antimicrobials in patients with suspected bacterial infections
	Recommendation
	Summary of the evidence

	Should anti-MRSA antibiotics be given to COVID-19 patients when clinical judgment suggests the presence of bacterial pulmon ...
	Recommendation
	Summary of the evidence

	Should antipseudomonal antibiotics be given to COVID-19 patients when clinical judgements suggest the presence of secondary ...
	Recommendation
	Summary of the evidence

	Should double antipseudomonal antibiotics, or anti-MRSA antibiotics be given to COVID-19 patients when clinical judgements  ...
	Recommendation
	Summary of the evidence

	What is the role of syndromic diagnostic testing (multiplex PCR) in the diagnosis of pulmonary CABI and in guiding antibiot ...
	Recommendation
	Summary of the evidence

	What is the role of procalcitonin in guiding use of antibiotics in COVID-19 patients?
	Recommendation
	Summary of the evidence

	COVID-19 associated pulmonary aspergillosis (CAPA)
	Which criteria is recommended for the diagnosis of CAPA?
	Recommendation
	Summary of the evidence

	Can non-directed bronchoalveolar lavage (BAL) specimen help in the diagnosis of CAPA?
	Recommendation
	Summary of the evidence

	Can antifungal prophylaxis reduce the incidence of CAPA or improve the clinical outcome in patients with COVID-19 in acute  ...
	Recommendations
	Summary of the evidence

	What is the appropriate treatment regimen for CAPA?
	Summary of the evidence

	What is the role of combination antifungal therapy for CAPA and what is the optimal antifungal treatment duration for CAPA?
	Recommendation
	Summary of the evidence

	COVID-19 associated candidiasis
	What is the utility of diagnostic criteria, such as candida score, for the diagnosis of CAC?
	Recommendation
	Summary of the evidence

	What is the optimal treatment regimen for COVID-19 associated candidemia?
	Summary of the evidence

	What is the optimal treatment regimen for CAC other than bloodstream infections?
	Recommendation
	Summary of the evidence

	COVID-19 associated mucormycosis
	What's the recommendations for the management of CAM?
	Summary of the evidence


	Conclusion
	Declaration of competing interest
	Acknowledgement
	References
	Appendix A. Supplementary data


