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Abstract
Secondary infections are one of the complications in COVID-19 patients. We aimed to analyze the antimicrobial prescrip-
tions and their influence on drug resistance in fungi and bacteria isolated from severely ill COVID-19 patients. Seventy-nine 
severely ill COVID-19 hospitalized patients with secondary bacterial or fungal infections were included. We analyzed the 
prescribed antimicrobial regimen for these patients and the resistance profiles of bacterial and fungal isolates. In addition, 
the association between drug resistance and patients’ outcome was analyzed using correlation tests. The most prescribed 
antibacterial were ceftriaxone (90.7% of patients), vancomycin (86.0%), polymyxin B (74.4%), azithromycin (69.8%), and 
meropenem (67.4%). Micafungin and fluconazole were used by 22.2 and 11.1% of patients, respectively. Multidrug-resistant 
(MDR) infections were a common complication in severely ill COVID-19 patients in our cohort since resistant bacteria 
strains were isolated from 76.7% of the patients. Oxacillin resistance was observed in most Gram-positive bacteria, whereas 
carbapenem and cephalosporin resistance was detected in most Gram-negative strains. Azole resistance was identified among 
C. glabrata and C. tropicalis isolates. Patients who used more antimicrobials stayed hospitalized longer than the others. The 
patient’s age and the number of antibacterial agents used were associated with the resistance phenotype. The susceptibility 
profile of isolates obtained from severely ill COVID-19 patients highlighted the importance of taking microbial resistance 
into account when managing these patients. The continuous surveillance of resistant/MDR infection and the rational use of 
antimicrobials are of utmost importance, especially for long-term hospitalized patients with COVID-19.
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Introduction

The coronavirus disease 2019 (COVID-19), caused by the 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has impacted the lives of people worldwide. As 
of March 31, 2022, there have been more than 480 million 
infected people globally and more than 6 million deaths [1].

Most COVID-19 patients present mild or moderate dis-
ease, but some need to be hospitalized due to severe respira-
tory complications. In these cases, secondary bacterial and 
fungal infections have been commonly identified and asso-
ciated with increased morbidity and mortality in severely 
ill COVID-19 patients [2, 3]. Previous studies have shown 
that secondary infections occur in 10–15% of COVID-19 
patients, whereas the rate of antimicrobial prescription for 
COVID-19 patients was much higher (94–100%) [4].
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Antimicrobials are essential in treating suspected or con-
firmed bacterial or fungal respiratory, blood, and urinary infec-
tions [5]. However, especially during the pandemic first wave, 
most COVID-19 hospitalized patients (~ 70%) received empir-
ical antimicrobial treatment before they were diagnosed with 
a secondary infection [5–7]. The rate of antibacterial use by 
COVID-19 patients from lower and middle-income countries 
was even higher compared with high-income countries (89% 
vs 58%) [7]. Furthermore, antibiotics with alleged antiviral and 
anti-inflammatory properties (e.g., azithromycin) were used in 
the initial treatment of SARS-CoV-2 [8]. As a consequence, 
antimicrobial resistance (AMR) has been exacerbated, and an 
increase in multidrug-resistant (MDR) pathogens is alarming 
[2, 9–11].

A recent review estimated 4.95 million deaths associated 
with AMR bacteria in 2019, mainly caused by six leading patho-
gens (Escherichia coli, Staphylococcus aureus, Klebsiella pneu-
moniae, Streptococcus pneumoniae, Acinetobacter baumannii, 
and Pseudomonas aeruginosa) [12]. The World Health Organi-
zation (WHO) highlighted that AMR would probably become 
an even more significant challenge in the post-pandemic era. 
The estimative is that the increased use of antimicrobials in the 
COVID-19 pandemic may result in 10 million deaths annually 
by 2050 due to infections by resistant bacteria to various classes 
of antimicrobials, reinforcing the need for the rational use of 
these drugs [6, 13]. Unlike antibacterials, antifungals have not 
been widely used in patients with COVID-19. However, issues 
such as toxicity and drug interactions should be considered [14]. 
On the other hand, although the diagnosis of secondary fungal 
infections is challenging, it must be assumed that these patients 
are also more likely to develop opportunistic fungal infections 
that can lead to an unfavorable outcome [15]. Therefore, the 
rational prescription of antifungals is vital to reduce the emer-
gence of resistant isolates [16, 17].

Several studies have demonstrated the high occurrence of 
secondary infections and antimicrobial stewardship in COVID-
19 patients [3–5]. However, the risk factors of MDR isola-
tion and the profile of antifungal agents used in these patients 
is underexplored. Thus, the present study aimed to provide 
information about the antimicrobial administration and sus-
ceptibility profile of bacterial and fungal isolates, as well as 
the clinical features of antimicrobial resistance in hospitalized 
patients diagnosed with COVID-19 in Brazil. The results are 
very important for establishing strategies to treat COVID-19 
and prevent infection by MDRs.

Methods

Study population

This single center, cohort retrospective study was performed 
at Eduardo de Menezes Hospital (Fundação Hospitalar 

do Estado de Minas Gerais) and Universidade Federal de 
Minas Gerais, Belo Horizonte, Brazil. We obtained medical 
record data and microbiological clinical specimens from 79 
COVID-19 hospitalized patients with secondary bacterial/
fungal infections (from May to November 2020). The diag-
nosis of COVID-19 was confirmed by a positive real-time 
polymerase chain reaction (RT-PCR) for SARS-CoV-2 in 
the nasopharyngeal swab, associated with suggestive signs, 
symptoms, and radiological findings. Patients included in the 
study were severely ill, and most of them required critical 
care unit admission. The impact of secondary infection in 
this cohort was previously published [3].

Informed consent was obtained from all participants. 
This study was approved by the National Ethics Com-
mittee (Comissão Nacional de Ética em Pesquisa — 
CONEP) and the hospital’s Ethics Committee (CAAE: 
30627320.6.0000.0008).

Definitions

COVID-19 patients were classified as severely ill if they 
have SpO2 < 94% on room air at sea level, a ratio of arterial 
partial pressure of oxygen to fraction of inspired oxygen 
 (PaO2/FiO2) < 300 mmHg, a respiratory rate > 30 breaths/
min, or lung infiltrates > 50% [18]. The secondary infection 
was considered when patients presented signs and symptoms 
and positive cultures during the hospital stay [19].

The pathogen resistance to at least one antimicrobial 
agent from three or more classes was defined as multidrug-
resistant (MDR) [20].

Pathogen detection and antimicrobial susceptibility 
tests

Bacterial and fungal isolates (78 and 84, respectively) were 
obtained from blood, urine, catheter tip, and respiratory sam-
ples from 79 patients included in this study. In some of these 
patients, bacterial and fungal samples were isolated from 
different anatomic sites several times sequentially sampled. 
The identification of pathogens was performed with standard 
microbiological procedures (culture and biochemical tests) 
at the hospital laboratory. In some cases, the identification of 
the bacteria occurred only at the genus level. Furthermore, 
yeasts were isolated and presumptively identified in Chro-
magar Candida. After that, yeast isolates were identified by 
polymerase chain reaction (PCR). Species-specific primers 
were used for Candida albicans (5′-TGT TGC TCT CTC GGG 
GGC GGCCG-3′), Candida glabrata (5′-TGG GCT TGG 
GAC TCT CGC AGCTC-3′), Candida tropicalis (5′-TGG 
GCG GTA GGA GAA TTG CGTTA-3′), and Candida parap-
silosis (5′-GCA TCA GTT TGA GCG GTA GGA TAA GC-3′). 
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The universal reverse primers used were NL4 (5′-CGT CCG 
TGT TTC AAG ACG G-3′). The yeast isolates that were not 
identified by the PCR were submitted to sequencing reac-
tions using the Big Dye kit version 3.1 (Applied Biosystems, 
USA) in combination with the ABI 3730 automated system.

The microdilution susceptibility test for bacterial isolates 
was performed as described in the document M100 from 
the Clinical and Laboratory Standards Institute, CLSI [21]. 
Interpretative criteria from the CLSI guidelines were used to 
determine the minimum inhibitory concentrations (MIC) of 
ampicillin, azithromycin, cefazolin, ceftriaxone, clindamy-
cin, gentamicin, meropenem, oxacillin, polymyxin, and van-
comycin. All antibacterial agents were tested at concentra-
tions from 0.125 to 64 mg/L. Enterococcus faecalis ATCC 
7080, E. coli ATCC 8739, and P. aeruginosa ATCC 9027 
were used as control strains. For fungal isolates, the micro-
dilution susceptibility test to antifungal agents (amphotericin 
B, fluconazole, itraconazole, voriconazole, and caspo-
fungin) was evaluated according to CLSI guidelines [22, 
23]. Itraconazole, voriconazole, and amphotericin B were 
used at concentrations from 0.03 to 16 mg/L; fluconazole 
and caspofungin were used at concentrations from 0.125 to 
64 and 0.015 to 8.0 mg/L, respectively. C. albicans ATCC 
18804, C. tropicalis ATCC 750, C. krusei ATCC 20298, C. 
glabrata ATCC 2001, C. parapsilosis ATCC 22019, Asper-
gillus fumigatus ATCC 16913, and Aspergillus flavus IMI 
190443 were used as control strains.

Clinical data

Clinical data such as age, gender, comorbidities, length of 
hospital stay, number, and type of prescribed antimicrobial 
agents were obtained from the patient’s medical record.

Statistical analysis

Given the MIC values, the geometric means,  MIC50 and 
 MIC90 (MIC values that inhibited 50 and 90% of the strains, 
respectively), were calculated for each bacterial and fungal 
species. Specific clinical parameters were described as per-
centage, mean, and standard deviation. Continuous variables 
were tested for normality using the D’Agostino and Pearson 
test and analyzed using the unpaired t-test or Mann–Whitney 
U test, depending on each case. We also evaluated risk fac-
tors related to the occurrence of resistant isolates and MDR 
in adjusted and unadjusted logistic regression analyses. Uni-
variate and multivariate regression analyzes were performed 
to identify factors associated with these isolates. Variables 
with a p-value < 0.2 in unadjusted analyses were included in 
a step-by-step backward and forward elimination approach. 
Statistical significance was set at p < 0.05. Odds ratios (OR) 
and 95% CI were calculated for each factor in the final 
model. Pearson’s correlation coefficient (r) was determined 

between selected MICs. Data were analyzed using EpiInfo 
7.2, GraphPad Prism 5.0, and Microsoft Excel 2007.

Results

We obtained 78 positive bacterial cultures from 43 severely 
ill patients hospitalized with SARS-CoV-2. Acinetobacter 
spp. (22%), negative-coagulase staphylococci (20%), Kleb-
siella spp. (18%), S. aureus (17%), Pseudomonas spp. (13%), 
Enterobacter spp. (5%), Enterococcus spp. (4%), and E. coli 
(1%) were the bacterial isolates (Fig. 1A). Seventy-four fun-
gal strains were isolated from 54 patients: 72 yeasts and two 
filamentous fungi. Among these, we found the following 
prevalence (Fig. 1B): C. albicans (54%), C. tropicalis (23%), 
C. glabrata (14%), C. parapsilosis (3%), C. kefyr (3%), C. 
lusitaniae (1%), A. nomius (1%), and A. flavus (1%).

The clinical sources for bacterial isolates were endotra-
cheal aspirate (54% of samples), catheter tip (23%), blood 
(19%), and urine (4%). Otherwise, fungi were isolated 
from endotracheal aspirate (54%), urine (34%), catheter tip 
(5%), blood (5%), and bronchoalveolar lavage (BAL; 1%) 
(Fig. 1C).

Notably, 97.7% of the patients were treated with at least 
one antibacterial, mostly treated with 4 to 6 different agents 
during the hospital stay (Fig. 2A). The higher use of antibac-
terials was also related to a longer length of hospital stay: (i) 
patients who were treated with 0 to 3 agents were hospital-
ized for 12 to 19 days, (ii) those who were treated with 4 to 
6 stayed hospitalized from 18 to 21 days, and (iii) those who 
were treated with 7 to 9 agents were hospitalized from 28 to 
36 days. The most prescribed antibacterial agents were (1) 
ceftriaxone (90.7% of patients), (2) vancomycin (86.0%), 
(3) polymyxin B (74.4%), (4) azithromycin (69.8%), and (5) 
meropenem (67.4%) (Fig. 2B).

Antifungals were prescribed to 18 (33.33%) of the 54 
patients with positive cultures for fungi, with micafungin 
prescribed to 12 (22.22%) and fluconazole to six (11.11%) 
of them (Fig. 2C). Overall, the mortality rate was 81.48% 
(n = 44) for patients with positive cultures for fungi, with 
no prescription of antifungal drugs for 61.36% (27) of the 
patients who died. No multidrug resistance was observed 
in the fungal isolates. Therefore, antibacterial agents were 
prescribed for all patients who also received an antifungal 
agent.

Subsequently, we evaluated the resistance pattern of 
bacterial and fungal isolates. The bacteria were divided 
into two large groups to analyze the antibacterial suscep-
tibility profile: (1) Gram-negative bacteria and (2) Gram-
positive cocci, and MIC values are presented in Table 1. 
Resistant bacteria strains were isolated from 76.7% of 
the patients. 100% of Acinetobacter spp. and 50% of 
Pseudomonas spp. strains were resistant to carbapenem 
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(meropenem) (Table 1). Considering Enterobacterales, the 
resistance to a third-generation cephalosporin (ceftriax-
one) was observed in 50% of Enterobacter spp. and 100% 
of Klebsiella. The rates of oxacillin resistance were 62% 
and 81% for S. aureus and negative-coagulase staphylo-
cocci. The resistance to vancomycin was detected in 15 
and 25% of S. aureus and negative-coagulase staphylo-
cocci, respectively (Table 1). Ampicillin resistance in 
Enterococcus spp. was found in 67% of isolates.

Furthermore, an MDR bacterial infection occurred in 65% 
of the COVID-19 patients during the hospital stay. Overall, 
38 MDR strains were isolated from these patients, in which 
a single MDR pathogen was isolated from 21 patients, two 
pathogens in five patients, and three or four MDR pathogens 
in one patient each. The MDR Gram-negative bacteria were 
K. pneumoniae (11 isolates), A. baumannii (6), and Entero-
bacter spp. (2). Among Gram-positive bacteria, there were 
negative-coagulase staphylococci (13) and S. aureus (6).

Most of the fungal isolates were susceptible to the tested 
antifungals. The exceptions were 5% (two strains) C. albi-
cans and 20% (two strains) C. glabrata isolates resistant to 
caspofungin. In addition, 5.88% (one strain) of C. tropicalis 
and 70% (seven strains) of C. glabrata were resistant to vori-
conazole, and 20% (two strains) of C. glabrata resistant to 

fluconazole. In addition, fluconazole MIC ≥ 4.0 was found 
for all voriconazole-resistant C. glabrata, and a strong 
correlation was observed between these MICs (r > 0.99, 
p < 0.0001). Therefore, the high prevalence of resistance in 
C. glabrata isolates is noteworthy (Table 2).

The patients with resistant isolate or MDR bacterial infec-
tions were stratified by gender, age, comorbidities (diabetes, 
cardiovascular disease, hypertension, and HIV), length of 
hospital stay, and the number of antibacterial agents used per 
patient (Table 3). Resistance was found mainly for strains 
obtained from patients older than 60 years old. However, 
the mean age of COVID-19 patients was lower for those 
who showed resistant isolates (60.90 years old) or MDR 
(59.07 years old; p = 0.03) than those without bacterial 
resistance (67.40 and 68.67), respectively. The prevalence 
of resistant isolate and MDR was higher among males when 
compared to females (18% and 16% vs 15% and 12%, respec-
tively; p = 0.01). Regarding comorbidities, diabetes and car-
diovascular disease were associated with the occurrence of 
resistant isolate (p < 0.05). Although the length of hospi-
tal stay was not statistically associated with antimicrobial 
resistance, we observed a longer length of hospitalization for 
patients with resistant bacterial isolate or MDR compared to 
those without resistance or MDR (22.42 and 23.08 vs. 17.7 

Fig. 1  Species distribution of 
bacterial (A) and fungal (B) 
isolates and clinical sources of 
secondary bacterial and fungal 
infections (C) from patients 
with COVID-19. CN staphy-
lococci, negative-coagulase 
staphylococci; BAL, bronchoal-
veolar lavage
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and 18.13, respectively). Finally, a higher number of used 
antibacterial per patient was associated with MDR isola-
tion when compared to those without MDR (5.46 vs 4.40; 
p = 0.04). The characteristics of patients with resistant fungal 
isolates were not evaluated since the sample size was small, 
and the cutoff for the definition of resistance is not described 
for some fungal species.

Discussion

Previously, our group performed a cohort study focused on 
the outcomes of patients with severe COVID-19 in Brazil. 
Among these patients, 41.8% had secondary bacterial and 
fungal infections, which increased the death risk compared 
to those without secondary infection [3]. Here, we obtained 
bacterial and fungal cultures from the original study with 
79 patients severely ill hospitalized with SARS-CoV-2 and 
secondary bacterial and fungal infection. Acinetobacter spp., 
negative-coagulase staphylococci, Klebsiella spp., S. aureus, 
and Pseudomonas spp. were the main bacterial isolates from 
these patients. Although previous studies have demonstrated 
a diverse species distribution depending on the studied site 
and sample selection, our findings are similar to those of 
several other reports. For example, Du et al. [24] described 
secondary bacterial infections at a late stage of COVID-19 

caused mainly by K. pneumoniae, Staphylococcus spp., A. 
baumannii, and E. coli. On the other hand, A. baumannii 
and K. pneumoniae were the main pathogens found by Li 
et al. [25] Another study showed the distribution of positive 
cultures represented mainly by K. pneumoniae (53%), A. 
baumannii (37%), and S. aureus (10%) [4].

According to the clinical samples for bacterial isolates, 
endotracheal aspirate was the leading infection site, followed 
by blood and catheter tip samples. The bacteria isolated from 
endotracheal aspirates and blood were mainly Gram-nega-
tive. On the other hand, the rate of Gram-positive bacterial 
isolates was higher in catheter tips. Thus, our results sug-
gested that bloodstream infections with Gram-negative bac-
teria can be related to lung infections. In contrast, the blood-
stream infection of patients with Gram-positive bacteria was 
associated with central venous catheter implantation during 
hospitalization. Similarly, Li et al. [25] found that 80.0% of 
the patients with bloodstream infections caused by Gram-
positive bacteria were due to central venous catheter. In 
addition, they analyzed 21 patients in which the lung infec-
tions occurred first, followed by bloodstream infections, and 
found that 21 patients had the same Gram-negative bacteria 
in both sites, including K. pneumoniae and A. baumannii.

Regarding fungal species, we found C. albicans, C. tropi-
calis, and C. glabrata as the main agents of secondary yeast 
infections in hospitalized COVID-19 patients. Furthermore, 

Fig. 2  A Number of antibacterial agents used per patient during the 
hospital stay (blue bars) and length of hospital stay (orange line) of 
patients with COVID-19 and secondary infection. B Antibacterial 
agents. C Antifungal agents used by patients with COVID-19 and 

secondary infection during the hospital stay. Blue circles represent 
the most commonly prescribed antibacterial agents; orange circles 
represent the least used ones, and green circles show the antifungals 
prescribed for the patients
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risk factors such as more extended ICU stay, catheter place-
ment, mechanical ventilation, broad-spectrum antibiot-
ics, and corticosteroids are associated with candidiasis in 
COVID-19 patients [26]. Endotracheal aspirate and urine 
were the first and second most common clinical sources for 
fungal isolates, respectively. Candida colonization is com-
mon in mechanically ventilated patients, as long-term venti-
lation is associated with a significant increase in respiratory 
and urinary tract Candida populations [27].

Our study demonstrated that most of the patients with 
COVID-19 and secondary infection received from 4 to 6 
antibacterial agents during the hospital stay. Some factors 
could have influenced this high rate: (1) Hospital Eduardo 
de Menezes is a tertiary hospital that only receives patients 
from other hospitals or care units; the antibacterial drugs 
can be prescribed before admission. (2) Brazilian guide-
lines indicate the prescription of empirical antibiotic ther-
apy in suspected sepsis before identifying the pathogen, 

Table 1  Minimal inhibitory concentration (MIC) of antibacterial agents against bacterial isolates from COVID-19 patients

* Only one E. coli isolate was found, and therefore, the  MIC50,  MIC90, and geometric mean data were not calculated
¶ According to CLSI guideline M100 (CLSI, 2021)

Gram-negative bacterial 
species

Antibacterial agent MIC (mg/L) Isolates (%)¶

Range MIC50 MIC90 Geometric mean Susceptible Intermediate Resistant

Acinetobacter spp.(n = 17) Ceftriaxone 64– > 64  > 64  > 64 64 100
Gentamicin 0.25– > 64 16  > 64 9.8 41 6 53
Meropenem 32–64 64 64 53.8 100
Polymyxin b 0.25– > 64 1 4.4 1.2 88 12

Pseudomonas spp.(n = 10) Gentamicin  < 0.125–32 0.25 32 0.7 80 20
Meropenem 0.25–64 4 64 6.3 20 30 50
Polymyxin b 1–4 2 2.4 1.9 80 20

Enterobacter spp.(n = 4) Azithromycin 1–8 1 5.9 1.7 100
Cefazolin  > 64– > 64  > 64  > 64  > 64 100
Ceftriaxone  < 0.125– > 64 32.1 64 3.4 50 50
Gentamicin  < 0.125– < 0.125  < 0.125  < 0.125  < 0.125 100
Meropenem  < 0.125–16 8.1 16 1.4 50 50
Polymyxin b 0.5– > 64 2.5 46 3.4 50 50

Klebsiella spp. (n = 14) Azithromycin 1– > 64 48  > 64 18.6 36 64
Cefazolin  > 64– > 64  > 64  > 64  > 64 100
Ceftriaxone  > 64– > 64  > 64  > 64  > 64 100
Gentamicin  < 0.125– > 64 16 57.6 3.6 43 57
Meropenem  < 0.125– > 64  > 64  > 64 41 7 93
Polymyxin b 1.0– > 64 4 27.2 4.9 21 79

Escherichia coli* (n = 1) Ampicillin  > 64 100
Azithromycin 4 100
Cefazolin 32 100
Ceftriaxone  < 0.125 100
Gentamicin  < 0.125 100
Meropenem  < 0.125 100
Polymyxin b 4 100

Staphylococcus aureus 
(n = 13)

Azithromycin  > 64– > 64  > 64  > 64  > 64 100
Clindamycin  < 0.125– > 64  > 64  > 64 15.2 23 77
Oxacillin 0.5– > 64  > 64  > 64 11.6 38 62
Vancomycin 0.5– > 64 0.5 51.4 1.1 85 15

CN Staphylococcus (n = 16) Azithromycin  > 64– > 64  > 64  > 64  > 64 100
Clindamycin  < 0.125– > 64  > 64  > 64 24.3 13 87
Oxacillin 0.25– > 64  > 64  > 64 21.7 19 81
Vancomycin 0.5– > 64 2  > 64 4 69 6 25

Enterococcus spp.(n = 3) Ampicillin 0.25– > 64  > 64  > 64 12.7 33 67
Vancomycin 32– > 64  > 64  > 64 50.8 100
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Table 2  Minimal inhibitory concentration (MIC) of antifungal agents against fungal isolates from COVID-19 patients

NA not available
# Epidemiological cutoff
* Only one isolate of each C. lusitaniae, A. flavus, and A. nomius species was found, and therefore, the  MIC50,  MIC90, and geometric mean data 
were not calculated
¶ According to CLSI guidelines M60 ED4 (CLSI, 2017) and M38-A2 (CLSI, 2008)

Fungal species Antifungal agent MIC (mg/L) Resistance¶

Range MIC50 MIC90 Geometric mean % resistance (n)

C. albicans (n = 40) Fluconazole  < 0.125–0.5 0.125 0.25 0.17 0 (0)
Itraconazole  < 0.03–0.25 0.06 0.125 0.07 NA
Voriconazole 0.06–0.5 0.125 0.25 0.14 0 (0)
Caspofungin  < 0.015–2.0 0.06 0.125 0.05 5 (2)
Amphotericin  B# 0.125–2.0 1.0 2.0 0.92 0 (0)

C. tropicalis (n = 17) Fluconazole  < 0.125–0.5 0.5 0.5 0.35 0 (17)
Itraconazole#  < 0.03–0.25 0.06 0.125 0.06 0 (17)
Voriconazole  < 0.125–2.0 0.25 0.5 0.26 5.88 (1)
Caspofungin  < 0.015–0.125 0.06 0.125 0.05 0 (0)
Amphotericin  B# 0.25–2.0 1.0 2.0 1.13 0 (0)

C. glabrata (n = 10) Fluconazole 0.5–64 4.0 64.0 5.28 20 (2)
Itraconazole# 0.06–2.0 0.5 2.0 0.43 0 (0)
Voriconazole# 0.125– > 16 1.0 13.6 1.00 70 (7)
Caspofungin  < 0.015–2.0 0.05 0.65 0.07 20 (2)
Amphotericin  B# 0.5–2.0 1.0 1.1 1.0 0 (0)

C. parapsilosis (n = 02) Fluconazole 0.25–1.0 0.63 0.93 0.5 0 (0)
Itraconazole 0.125–0.25 0.09 0.12 0.09 NA
Voriconazole 0.06–0.125 0.19 0.24 0.18 0 (0)
Caspofungin 2.0–2.0 2.0 2.0 2.0 0 (0)
Amphotericin  B# 1.0–1.0 1.0 1.0 1.0 0 (0)

C. kefyr (n = 02) Fluconazole 0.125–0.25 0.19 0.24 0.18 NA
Itraconazole 0.125–0.25 0.19 0.24 0.18 NA
Voriconazole 0.06–0.125 0.09 0.12 0.09 NA
Caspofungin  < 0.015– < 0.015 0.02 0.02 0.02 NA
Amphotericin B 2.0–2.0 2.0 2.0 2.0 NA

C. lusitaniae (n = 01)* Fluconazole# 0.25 0 (0)
Itraconazole# 0.25 0 (0)
Voriconazole 0.125 NA
Caspofungin 0.5 NA
Amphotericin B 0.5 NA

Aspergillus flavus (n = 01)* Fluconazole - -
Itraconazole 0.125 NA
Voriconazole 2.0 NA
Caspofungin 1.0 NA
Amphotericin B 1.0 NA

Aspergillus nomius (n = 01)* Fluconazole - -
Itraconazole# 0.06 0 (0)
Voriconazole# 4.0 0 (0)
Caspofungin# 1.0 0 (0)
Amphotericin  B# 2.0 0 (0)
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considering patient risk factors and local epidemiology. (3) 
The third factor is the limited experience of health profes-
sionals and the lack of treatments in managing COVID-19 
patients in the first pandemic wave. (4) The last factor is the 
challenge in differentiating COVID-19 pneumonia and bac-
terial pneumonia, or still distinguishing between sole SARS-
CoV-2 infection and secondary bacterial/fungal infections 
[28, 29]. Consequently, we observed a more extended period 
of hospitalization in COVID-19 patients that used a higher 
number of antibacterial agents.

Ceftriaxone, vancomycin, polymyxin B, azithromy-
cin, or meropenem were prescribed for more than 60% of 
patients. It is worth mentioning that polymyxin B belongs 
to the Reserve list of WHO, which points out that some 
antibiotics should be reserved for treatment of confirmed 
or suspected infections due to MDR organisms. The other 
four drugs are part of the Watch list, containing antibiotics 
with higher resistance potential [30]. Although azithromy-
cin, ceftriaxone, and meropenem were the most frequent 
antibiotics prescribed among the hospitalized COVID-19 
patients, [7, 31] their inclusion in 2019 WHO AWaRe Clas-
sification Database represents the need for caution in their 
use [30]. Fortunately, several studies have shown that antibi-
otic prescriptions decreased substantially after the first wave 
of COVID-19 [32–34]. However, assessing the long-term 
impact on antimicrobial resistance of the over-prescription 
of antibiotics from the first COVID-19 wave is required.

Bacterial resistance, including MDR infection, was 
common in COVID-19 patients, reaching more than half 
of them. In addition, oxacillin resistance was observed in 
most strains from the Staphylococcus genus, whereas car-
bapenem and cephalosporin resistance was mainly present in 
the Gram-negative isolates. This may be related to the prior 
selection due to early antibiotic treatment in the COVID-19 
patients since meropenem and ceftriaxone were among the 
most used. Furthermore, the administration of azithromycin 
as an experimental therapy was a usual practice in Brazil’s 
first wave of the pandemic. Therefore, it may have contrib-
uted to this drug’s high percentage of bacterial resistance.

Bacterial resistance was increased in elderly patients and 
associated with comorbidities such as diabetes and cardio-
vascular disease. Similar to other studies, we also observed 
a higher proportion of resistant isolates and MDR in male 
patients [35, 36]. Interestingly, administering an increased 
number of antibacterial agents was associated with MDR 
infection. In this context, we also found that higher use of 
azithromycin, ceftriaxone, and meropenem was associated 
with bacterial resistance to each of these drugs.

Unlike secondary bacterial infections, fungal infections 
should be investigated in patients with COVID-19 with more 
than 7–10 days of hospitalization, exposed to multiple risk 
factors, and who develop signs of sepsis, despite antibacte-
rial therapy. In our study, the diagnosis of secondary fungal 

infection and the treatment with antifungals was performed 
late in the hospitalization period (mean = 15.80 days after 
the patients’ admission). Although nosocomial fungal 
infections may occur later in hospital admission and have a 
slower progression than bacterial infections, an earlier fun-
gal diagnosis is necessary for the patient’s adequate manage-
ment. Regarding the antifungal prescribed against candidi-
asis, 34% of the patients received fluconazole or micafungin. 
This prescription was higher than that described by Seaton 
et al. (2020), in which antifungals (micafungin, fluconazole, 
and voriconazole) were prescribed to 9.8% of patients in 
intensive care. Like the antibacterial prescription during the 
pandemic, the antifungal has also increased. Bayona et al. 
[37] compared the use of antifungals between 2020 and 2019 
and found an increase of 15%.

Among fungal species, we highlighted the occurrence of 
resistance of C. glabrata and C. tropicalis to azoles. This 
should be considered a concern due to the limited arsenal of 
antifungal agents [38]. Moreover, intrinsic and secondary 
resistance to azole has been extensively documented in Can-
dida isolates [39]. Echinocandin resistance can also occur 
after exposure to members of this class and is mediated by 
point mutations in hot spot regions of the FKS1 and FKS2 
genes, which encode the echinocandin target enzyme β-1,3-
D-glucan synthase [16, 40]. In addition, previous exposure 
of C. glabrata to fluconazole has been linked to cross-resist-
ance to voriconazole. As in our study, other authors report 
a significant positive correlation between the MIC values 
of these antifungals [17]. Together, these data reinforce the 
importance of correct antifungal management for effective 
antifungal therapy.

Our study has some limitations. First is the limited sam-
ple size, specifically during the first pandemic wave in 
Brazil. However, some important conclusions can add to 
many similar studies from other countries. Second, some of 
the COVID-19 patients may have used antibacterial before 
admission to the Eduardo de Menezes Hospital, and data 
regarding this use was unavailable. Thus, we could not 
describe the timing of an antibiotic prescription and link it 
to a microbiological diagnosis and resistance occurrence. 
Despite this, our study provides essential data on the sus-
ceptibility profile of secondary infection agents in patients 
with COVID-19.

In conclusion, our study draws attention to the need for 
the correct administration of antimicrobials, especially in 
intensive care units, where secondary infections occur more 
often. Finally, we emphasize the need for ongoing infec-
tion prevention and control and antimicrobial stewardship 
initiatives.
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