
© Authors 

Original Paper

1eISSN: 2316-7750        rbfhss.org.br/

RBFHSS
Revista Brasileira de Farmácia Hospitalar e Serviços de Saúde

Open Access

pISSN: 2179-5924        

Santos AK, Santana LA, Novaes MR. Antimicrobial use assessment in the Intensive Care Unit of a public and reference hospital for 
COVID-19 in the Federal District. Rev Bras Farm Hosp Serv Saude. 2023;14(4):0968. DOI: 10.30968/rbfhss.2023.144.0968.

Antimicrobial use assessment in the Intensive Care Unit of a public 
and reference hospital for COVID-19 in the Federal District

Ana Katarina SANTOS1,  Levy Aniceto SANTANA2,  Maria Rita NOVAES2

1Hospital Regional da Asa Norte, Distrito Federal, Brasil, 2Pós-graduação Stricto Sensu em Ciências da Saúde. Escola Superior de Ciências da 
Saúde, Campus Asa Norte. Distrito Federal, Brasil.

Corresponding author: Santos AK, katarina.pp@gmail.com

Submitted: 30-03-2023   Resubmitted: 25-10-2023   Accepted: 30-10-2023

Double blind peer review

Objective: To compare Intensive Care Unit antimicrobial consumption in previous periods and during the COVID-19 pandemic, to 
determine the prevalence of bacterial and fungal microorganisms, the prevalence of coinfection and secondary infections, and describe 
the profile of antimicrobial resistance throughout the pandemic. Method: retrospective observational study, from March to December 
2020 in a public COVID reference hospital in the Federal District, including adult patients admitted to the ICU and using antimicrobials. 
Antimicrobial consumption, expressed in DDD/1000 patient-days and according to the AwaRe categorization, were compared before and 
during the COVID-19 pandemic. Secondary data were obtained through microbiology laboratory reports. The profile of the population 
was also characterized. For statistical analysis, the Mann-Whitney U test was used to compare the variables in the studied periods. 
Results: in the study were included 137 patients. There was a significant reduction in antimicrobial consumption in the access group 
Ampicillin/Sulbactam (P=0.035) during the pandemic. In the Watch group, consumption was significantly higher during the pandemic 
period for the antimicrobials Ceftriaxone and Piperacilian/Tazobactan (P<0.001; P= 0.015, respectively). In the Reserve group, there was 
a reduction in Polymyxin B during the pandemic period (P=0.029). There was also a significant reduction (P=0.009) of Echinocandins 
(Anidulafungin/Micafungin). Only 5.43% of patients had coinfection. Of the 731 cultures collected, 67.48% were positive for gram-
negative bacteria, 19.51% for gram-positive bacteria and 13.01% for fungi. Among the microorganisms at greatest risk of antimicrobial 
resistance, the carbapenem-resistant Klebsiella pneumoniae species was identified in 100% of blood cultures and urine cultures and in 
92% of tracheal secretion cultures; Acinetobacter spp species resistant to carbapenems occurred in 90% of blood cultures and in 98% of 
tracheal secretion cultures. Conclusion: the results showed a trend towards increased consumption of broad-spectrum antimicrobials 
in the Watch group, but with a reduction in consumption for the Reserve group. The high use of antimicrobials prior to ICU admission, 
associated with a reduced rate of co-infection, suggests the wide empirical use of antimicrobials in patients without proven bacterial 
infection. This is of concern in the context of the treatment of multidrug-resistant infections.

Key words: Anti-Microbial Agent; COVID-19; Intensive Care Units; Bacterial Infections; Drug Resistance, Microbial; Coinfection

Avaliação do uso de antimicrobianos na Unidade de Terapia Intensiva de um hospital 
público e referência em COVID-19 do Distrito Federal

Objetivo: Comparar consumo de antimicrobianos da Unidade de Terapia Intensiva nos períodos antes e durante a pandemia de 
COVID-19, determinar prevalência de microrganismos bacterianos e fúngicos, prevalência de coinfecção e infecções secundárias 
e descrever perfil de resistência antimicrobiana durante a pandemia. Métodos: estudo observacional retrospectivo realizado no 
período de março a dezembro de 2020 em um hospital público de referência de COVID do Distrito Federal, incluindo pacientes 
adultos internados na UTI e em uso de antimicrobianos. Foram comparados os consumos de antimicrobianos, expressos em 
DDD/1000 pacientes-dia e de acordo com a categorização AwaRe, antes e durante a pandemia de COVID-19. Os dados secundários 
foram obtidos por meio de relatórios do laboratório de microbiologia. Realizado ainda caracterização do perfil da população. Para 
análise estatística, foi utilizado teste de U de Mann-Whitney para comparação das variáveis nos períodos estudados. Resultados: 
Foram incluídos no estudo 137 pacientes. Observou-se uma redução significativa de consumo do antimicrobiano do grupo de 
acesso Ampicilina/Sulbactam (P=0,035) na pandemia. No grupo Vigilância, houve aumento significante no período da pandemia 
dos antimicrobianos Ceftriaxona e Piperacilina/Tazobactam (P<0,001; P= 0,015, respectivamente). E no grupo Reserva observou-se 
redução de Polimixina B durante período de pandemia (P=0,029). Houve também uma redução de forma significativa (P=0,009) das 
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At the end of 2019, the World Health Organization (WHO) began to 
be notified of cases of pneumonia of unknown etiology detected 
in China. A new coronavirus was soon identified as the cause of 
the pneumonia cases: the Severe Acute Respiratory Syndrome 
virus, SARS-CoV-2. Thus, the disease that started in China was 
designated as Coronavirus 2019 (COVID-19). At the end of January 
2020, the WHO declared a public health emergency and in March 
2020 defined it as a pandemic1.

Although many people infected with the coronavirus are 
asymptomatic or present the disease in its mild form, 20% 
develop the disease in its severe or critical form, which requires 
hospitalization and between 3% and 20% of hospitalized people 
die depending on the severity of the disease2-4. Age is the strongest 
risk factor for severe COVID-19 outcomes, and patients with one 
or multiple associated comorbidities (especially lung diseases, 
heart conditions, diabetes, and obesity) are also at greater risk of 
developing the severe form of the disease5-7.  

Clinical experience with previous viral epidemics suggests risks 
of bacterial co-infection8, but since the beginning of the COVID-
19 pandemic, experts have been warning about the antibiotic 
overuse risks9-10. Studies of patients hospitalized with coronavirus 
disease 2019 reveal that some countries have widespread use 
of antimicrobial therapies as part of a care package11. In COVID-
19 patients with co-infections, treatment with antimicrobials 
or antivirals is appropriate, but these patients may be in the 
minority12. The incidence of bacterial co-infection in COVID-19 
ranges from 3% to 30%13-14.

The problem of Antimicrobial Resistance (AMR) is a major global 
emergency that requires urgent action. With the emergence of the 
pandemic, concerns about AMR have been reignited, especially 
by the increased use of antibiotics to treat COVID-19 patients. 
The main reasons for the antibiotics use in virus-positive patients 
include the possibility of bacterial co-infections, the difficulty of 
differentiating COVID-19 from bacterial infections in the early 
stages of the pandemic, and changes in infection prevention 
and control practices in overburdened health systems15. AMR is 
expected to cause 10 million deaths a year by 205016. Furthermore, 
it is likely that AMR has caused more COVID-19 deaths, since 
studies indicate that bacterial co-infection and secondary infection 
complicate COVID-19, although data is scarce17. 

In hospital intensive care units (ICUs), a high antimicrobials use 
is expected due to the severity of the diseases treated and the 
multiple interventions with patients18. Studies carried out in several 
countries have found an increase in antimicrobial consumption in 
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Equinocandinas (Anidulafungina/Micafungina). Apenas 5,43 % dos pacientes apresentavam coinfecção. Das 731 culturas coletadas, 
67.48% foram positivas para bactérias gram-negativas, 19,51% para bactérias gram-positivas e 13,01% para fungos. Entre os 
microrganismos de maior risco de resistência a antimicrobianos, a espécie Klebsiella pneumoniae resistente à carbapenêmicos foi 
identificada em 100% das hemoculturas e culturas de urina e em 92% das culturas de secreção traqueal; a espécie Acinetobacter 
spp resistentes à carbapenêmicos ocorreu em 90% das hemoculturas e em 98% das culturas de secreção traqueal. Conclusão: os 
resultados apontaram um aumento de consumo de antimicrobianos de amplo espectro do grupo de Vigilância, porém com redução de 
consumo para grupo Reserva. O elevado uso de antimicrobiano prévio a internação em UTI, associado a reduzida taxa de coinfecção 
sugere ampla utilização empírica de antimicrobianos em pacientes sem infecção bacteriana comprovada. Isto é preocupante no 
contexto do tratamento de infecções multirresistentes. 

Palavras-chave: Agente Antimicrobiano, COVID-19; Unidades de Terapia Intensiva; Infecções Bacterianas; Resistência Microbiana a 
Medicamentos, Coinfecção

ICUs during the pandemic19-21. Antimicrobials are used empirically, 
which can lead to long-term resistance. Therefore, monitoring 
antimicrobial use in the pandemic scenario is crucial to identify 
evidence of misuse or overuse and reduce indiscriminate use. 

This study was conducted with the primary objective of comparing 
antimicrobial consumption in the ICU of a public hospital in the 
periods before and during the COVID-19 pandemic. The secondary 
objectives were to determine the prevalence of bacterial and 
fungal microorganisms in samples from different cultures, the 
prevalence of co-infections and secondary infections and to 
describe the antimicrobial resistance profile.

Study design, population, and data collection 

The retrospective observational study was conducted at a 
public tertiary care hospital belonging to the Federal District 
Health Department, which is considered a referral center for the 
treatment of COVID-19 positive patients. 

The population included in the study consisted of adult patients 
(aged ≥18 years) admitted to the ICU during the period in which 
care was primarily dedicated to patients with a diagnosis of 
presumed or confirmed COVID-19 infection (March to December 
2020) and who used antimicrobials. Exclusion criteria included 
patients under the age of 18; with a negative diagnosis for COVID-
19 according to laboratory criteria (RT-PCR or TR-Ag Antigen Test 
with reactive results) or by clinical-imaging criteria defined by the 
Ministry of Health22; and who did not have a clinical indication for 
the use of antimicrobials.

Data on age, gender, previous comorbidities, length of ICU stay, 
clinical outcome and presence of infection were collected and used 
to build a profile of the population.The research was approved by 
the Ethics Committee of the Foundation for Teaching and Research 
in Health Sciences/FEPECS/SES/DF, under protocol number CAAE 
nº 38737420.9.0000.5553, and the Free and Informed Consent 
Form (FICF) was authorized.

Terminologies and outcomes 

All adult patients included in the study were assessed for the 
presence of bacterial/fungal co-infection on admission, as well 
as assessed for secondary infection during their hospitalization. 
The term “co-infection” was used to refer to individuals who 
were admitted to hospital (1) confirmed to be infected with the 
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pandemic virus and (2) infected with a community-acquired 
bacterium or fungus (identified by cultures requested on hospital 
admission). “Healthcare-associated infection” or “secondary 
infection” refers to bacterial/fungal infection that occurred in 
patients at least 48 hours after hospital admission for infection 
linked to the pandemic virus23. For the purposes of this study, 
Multiple Antimicrobial Resistant Microorganisms (MDROs) were 
defined as microorganisms resistant to three or more classes of 
antimicrobials regardless of the mechanism of resistance in a 
bacterial strain intrinsically susceptible to these classes24.

The study’s primary outcome of interest was to compare 
antimicrobial consumption. For the calculation, the Defined Daily 
Dose (DDD) consumption measurement tool was used, expressed 
in DDD/1000 patient-days, considering the WHO standardization. 
Antimicrobials were listed according to the Anatomical Therapeutic 
Chemical (ATC) methodology and the World Health Organization’s 
AWaRe (Access, Watch and Reserve) classification. As established 
by the WHO25, the aim of the ATC/DDD system is to serve as a tool 
for monitoring and investigating medication use, with the aim of 
improving the quality of consumption. The AWaRe classification 
describes antimicrobials in three main categories - Access, 
Surveillance and Reserve - considering the impact of different 
antimicrobials and different classes on antimicrobial resistance, to 
emphasize the importance of their rational use26. The reference 
data needed for the evaluation was obtained from the electronic 
address (https://www.whocc.no/atc_ddd_index/), as well as from 
the documentary collection of the institution’s Hospital Pharmacy 
and the patient-day figures reported monthly by the Hospital 
Infection Control Center. 

For the secondary outcome, microbiological data from the 
institution’s microbiology laboratory were considered in order to 
describe the prevalence of microorganisms, as well as to outline 
the antimicrobial resistance profile and determine the prevalence 
of co-infection and secondary infections during the period 
analyzed. 

Microbiology

For patients admitted to the ICU, cultures with microbiological 
growth were considered for diagnostic purposes (urine, blood, 
and tracheal secretions), thus discarding cultures for surveillance 
purposes (rectal and nasal swabs). The cultures were sown 
appropriately on specific media and incubated in a MicroScan 
Walk-Away automated microbiology system. Positive results were 
analyzed according to BRCast criteria and subjected to Antibiotic 
Sensitivity Testing (AST).

Data analysis

The main outcome was to assess whether there was a change in 
the antimicrobial consumption profile during the pandemic. Data 
was collected from May 2019 to December 2020, with the period 
from May 2019 to February 2020 (10 months) being defined as 
pre-pandemic and the period from March 2020 to December 
2020 (10 months) as the pandemic period.

The consumption of each antimicrobial is expressed as DDD/1000 
patient-days. The data was compiled in a Microsoft Excel (2016) 
spreadsheet and analyzed using SPSS (Statistical Package for the 
Social Sciences), version 23 (IBM Corp., 2015), with two-sided 
tests and a 5% significance level. Descriptive statistics were used 

to describe the following variables: categorical variables were 
presented as frequency distribution and percentages, while 
numerical variables were presented as mean ± standard deviation 
(SD). 

The quantitative variables were assessed in relation to data 
distribution using the Shapiro-Wilk test. The null hypothesis 
of normality of data distribution was rejected for most of them 
and considering the small sample size, the Mann-Whitney non-
parametric U test was used to compare these variables in the 
periods studied.

Population profile

During the period in which the ICU cared for patients positive for 
the new coronavirus (March to December 2020), 165 patients 
were admitted, but 137 were included in the study according to 
the established criteria. Thus, 28 patients were not considered 
in the study because they met exclusion criteria: 1 patient under 
the age of 18, 12 patients with symptoms similar to COVID, but 
with subsequent laboratory and clinical exclusion of COVID and 15 
patients admitted to the ICU without a diagnosis of COVID-19 in 
a period of transition from ICU care to patients not infected with 
the new coronavirus. 

The mean age of the patients included in the study was 61.49 
± 14 years, of whom 62.04% were male and 37.98% female. 
Among the most frequent comorbidities, overweight/obesity 
and heart disease were the most prevalent, with 63.50% and 
62.04% respectively, followed by diabetes mellitus (34.31%) and 
respiratory diseases (16.16%). The mean length of stay was 20.56 
± 17.23 days. After clinical improvement, 29.20% of patients were 
discharged from the ICU, but 70.80% of hospitalized patients died 
(Table 1).

Among the patients with COVID-19 and a positive culture for 
microorganisms, the majority (94.57%) developed a secondary 
infection and 5.43% already had a community-acquired infection.

Antimicrobial consumption

There was a variation in antimicrobial consumption between the 
AWaRe classification groups. In the Access group, represented 
by Ampicillin/Sulbactam, there was a significant reduction in 
consumption (P=0.035) when comparing the pre-pandemic and 
pandemic periods (Table 2). 

Overall, the Surveillance group showed a trend towards increased 
use, with significantly higher consumption in the pandemic period 
for the antimicrobials Ceftriaxone and Piperacillin/Tazobactam 
(P<0.001; P= 0.015, respectively). On the other hand, the 
antimicrobials Cefepime, Ertapenem and Levofloxacin, despite 
showing an increased mean consumption, showed no significant 
difference between the periods compared (Table 2). In contrast, 
the anti-infectives Ciprofloxacin, Meropenem and Vancomycin 
showed a decrease, but only significantly for Meropenem and 
Vancomycin (P=0.063; P= 0.004, respectively). 

The Reserve group showed a reduction in consumption of the 
antimicrobials Tigecycline and Linezolid compared to the period 
before the pandemic, and a notable reduction for Polymyxin B 

Results
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during the pandemic (P=0.029). There was also a reduction in 
antifungal consumption during the pandemic, but only significantly 
(P=0.009) for Echinocandins (Anidulafungin/Micafungin). 

Microbiology and resistance profile 

In total, excluding surveillance cultures, 731 cultures of interest 
were requested, of which 67.48% were positive for gram-negative 
bacteria, 19.51% for gram-positive bacteria and 13.01% positive 

for fungi (table 3). Gram-negative species were the most identified 
in the cultures requested, with the Klebsiella pneumoniae species 
present in 24% of blood cultures, 24% of tracheal secretions and 
31% of urocultures; the Acinetobacter spp species identified 
in 13% of blood cultures, 26% of tracheal secretions and 8% of 
urocultures; the Enterobacter spp species identified in 4% of 
blood cultures, 11% of tracheal secretions and 4% of urocultures; 
and the Pseudomonas spp species present in 4% of blood cultures 
and 7% of tracheal secretions. 

Table 1.  Patients admitted to the ICU from March to December 2020 characterization.

Variables Statistics Frequency / Mean

Age (M | Md | DP) 61,49 61 ± 14

Gender 
Male
Female

(freq. | % | IC 95%) 85
52

62.04%
37.98%

(53.36% – 70.19%)
(29.81% – 46.64%)

Previous Comorbidities
Cardiac Diseases
Diabetes Mellitus
Respiratory Diseases
Overweight/Obesity

(freq. | % | IC 95%)
85
47
22
87

62.04%
34.31%
16.16%
63.50%

(53.36% – 70.19%)
(26.41% – 42.90%)
(10.35% – 23.30%)
(54.85% – 71.56%)

ICU length of stay (days) (M | Md | DP) 20.56 17 ± 17.23

Outcome
Unit discharge
Death

(freq. | % | IC 95%) 40
97

29.20%
70.80%

(21.75% – 37.57%)
(62.43% – 78.25%)

Infection
Co-infection
Secondary infection

(freq. | % | IC 95%) 5
87

5.43%
94.57%

(1.79% – 12.23%)
(87.77% – 98.21%) 

Source: Prepared by the authors based on electronic medical record data, 2020

Table 2. Association analysis of the consumption of each antimicrobial (DDD-patient/day) in ICU patients comparing the pre-pandemic 
and pandemic periods.

Antimicrobial (ATC and AWaRe classification) Pre-pandemic period
Median (minimum – maximum)

Pandemic period
Median (minimum – maximum) P*

ACCESS
J01CR01 - Ampicillin/Sulbactam 192.91 (0.00 – 317.46) 21.72 (0.00 – 930.23) 0.035
WATCH
J01DE - Cefepime 0.00 (0.00 – 10.00) 0.00 (0.00 – 65.36) 1.000
J01DD - Ceftriaxone 0.00 (0.00 – 8.00) 127.14 (3.88 – 328.80) <0.001
J01MA02 - Ciprofloxacin 22.76 (0.00 – 74.67) 0.00 (0.00 – 146.34) 0.143
J01DH03 - Ertapenem 0.00 (0.00 – 43.33) 0.00 (0.00 – 73.17) 1.000
J01MA12 - Levofloxacin 14.20 (0.00 – 137.46) 14.91 (0.00 – 436.78) 0.912
J01DH02 - Meropenem 1,033.97 (531.37 – 1,378. 15) 748.64 (305.51 – 1,810.34) 0.063
J01CR05 - Piperacillin/Tazobactam 141.21 (12.00 – 318.13) 304.98 (117.02 – 600.82) 0.015
J01XA01 - Vancomycin_IV 219.06 (74.20 – 464.29) 47.08 (0.00 – 551.72) 0.004
RESERVE
J01XX09 - Daptomycin 50.22 (0.00 – 303.57) 53.55 (0.00 – 185.10) 1.000
J01XX08 -Linezolid 121.35 (42.40 – 247.90) 106.62 (0.00 – 320.00) 0.579
J01XB02 - Polymyxin-B 385.35 (10.00 – 624.28) 209.77 (65.18 – 505.75) 0.029
J01AA - Tigecycline 106.71 (0.00 – 254.61) 31.62 (0.00 – 579.27) 0.280
Not classifield  –ANTIFUNGALS
J02AA01 - Anphotericin B 0.00 (0.00 – 161.18) 0.00 (0.00 – 0.00) 0.280
J02AC01 - Fluconazole 61.79 (0.00 – 415.22) 13.68 (0.00 – 99.77) 0.190
J02AX- Echinocandins (Anidulafungin/Micafungin) 254.50 (69.00 – 390.00) 62.50 (0.00 – 506.00) 0.009
J02AC03 - Voriconazole 0.00 (0.00 – 53.33) 0.00 (0.00 – 11.43) 0,684

Source: Prepared by the authors based on electronic medical record data, 2020.* Mann-Whitney U test
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As for gram-positive bacteria, the most prevalent species was 
coagulase-negative Staphylococcus, present in 37% of positive 
blood cultures and 4% of tracheal secretion cultures. The next 
most prevalent species was Staphylococcus aureus, which was 
present in 7% of positive blood cultures and 4% of positive tracheal 
secretion cultures (Table 4). 

The most prevalent fungi were Candidas Albicans, identified in 7% 
of tracheal secretions and 35% of urine cultures, and Candidas 
tropicalis, present in 3% of tracheal secretions and 15% of urine 
cultures.

Among the microorganisms defined by the World Health 
Organization as those to be intensively monitored due to alarming 

resistance to antimicrobials and high treatment costs27, this study 
identified the presence of the main batteries: the Klebsiella 
pneumoniae species resistant to carbapenems was identified in 
100% of blood cultures and urine cultures and in 92% of tracheal 
secretion cultures. The carbapenem-resistant Acinetobacter 
spp species was found in 90% of blood cultures and in a higher 
percentage (98%) of tracheal secretion cultures. The Pseudomonas 
spp species with a multidrug resistance profile was identified in 
33% of blood cultures and 41% of tracheal secretion cultures. To 
a lesser extent, the gram-positive species Staphylococcus aureus 
resistant to methicillin (oxacillin) was identified in 12% of blood 
cultures and 33% of tracheal secretion cultures (Table 5). 

Table 3. Distribution of microorganisms identified in cultures from patients admitted to the ICU from March to December 2020.

Microorganism Frequency Percentage Confidence interval

Gram-negative bacteria 166 67.48% (62.24% –73.28%)
Gram-positive bacteria 48 19.51% (14.75% – 25.02%)
Fungi 32 13.01% (9.07% – 17.86%)

Source: Prepared by the authors based on MicroScan microbiological reports, 2020

Table 4. Microbiological profile per ICU culture sample from March to December 2020.

Isolated microorganisms Number of microorganisms isolated per type of sample
Blood Tracheal Secretion Urine Total
Nº % Nº % Nº %

Gram-positive bacteria
Enterococcus spp. 3 4% 1 1% 0 0% 4
Staphylococcus aureus 5 7% 6 4% 0 0% 11
Staphylococcus coagulase-negativa 26 37% 6 4% 0 0% 32
Streptococcus spp. 0 0% 1 1% 0 0% 1
Gram-negative bacteria
Acinetobacter spp 9 13% 39 26% 2 8% 50
Burkholderia cepacia cplx 0 0% 4 3% 1 4% 5
Citrobacter freundii 0 0% 1 1% 1 4% 1
Enterobacter spp. 3 4% 16 11% 1 4% 20
Klebsiella pneumoniae 17 24% 36 24% 8 31% 61
Proteus mirabilis 0 0% 3 2% 0 0% 3
Pseudomonas spp. 3 4% 10 7% 0 0% 13
Stenotrophomonas maltophilia 0 0% 5 3% 0 0% 5
Serratia marcescens 2 3% 4 3% 0 0% 6
Fungi
Candida albicans 0 0% 11 7% 9 35% 20
Candida glabrata 1 1% 0 0% 0 0% 1
Candida guilliermond 0 0% 1 1% 0 0% 1
Candida parapsilosis 1 1% 1 1% 0 0% 2
Candida tropicalis 0 0% 4 3% 4 15% 8

Source: Prepared by the authors based on MicroScan microbiological reports, 2020

Table 5. Bacterial resistance profile by ICU culture sample from March to December 2020.

Insulated batteries and resistance profile Resistance rate by cultures
Blood Tracheal Secretion Urine

Vancomycin-resistant Enterococcus spp. 0% 0% -
Methicillin (oxacillin)-resistant Staphylococcus aureus 12% 33% -
Carbapenem-resistant Acinetobacter spp. 90% 98% 100%
Carbapenem-resistant Klebsiella pneumoniae 100% 92% 100%
Carbapenem-resistant Pseudomonas spp.  33% 41% 0%

Source: Prepared by the authors based on MicroScan microbiological reports, 2020
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The first case of COVID-19 in Brazil was reported in February 2020 
and in the study hospital in March 2020. From February 2020 to 
the current year, Brazil has confirmed 36,989,373 COVID-19 cases 
with 698,056 deaths28. There was a high proportion of males 
(62.04%) compared to females (37.98%) and several studies have 
reported a higher risk of severe illness with COVID-19 in males.29-

30. Among the main comorbidities identified in the study and 
reported in the literature, the most prevalent was the presence 
of overweight/obesity identified in 63.50% of patients, followed 
by heart disease (62.04%) and Diabetes Mellitus (34.31%). These 
comorbidities are considered risk factors for developing serious 
infections22. 

The empirical prescription of antibiotics in hospitalized patients 
with coronavirus disease 2019 (COVID-19) has been a frequent 
event since the beginning of the pandemic at the end of 201931. 
This study found that 100% of the patients included had used at 
least one antimicrobial regimen prior to being admitted to the 
ICU, although for the same patients, only 20% requested cultures 
prior to starting treatment with anti-infectives, highlighting one 
of the factors that can aggravate the serious problem of antibiotic 
resistance: empirical use of antimicrobials. 

Although most COVID-19 patients were treated with antibiotics on 
admission at the start of the pandemic, studies have found that 
bacterial co-infections are uncommon. A cohort study of COVID-
19 patients in 38 hospitals in Michigan found that only 3.5% had 
bacterial co-infections, although 59.5% received antibacterial 
medications29. This was also confirmed in a meta-analysis in which 
the reported prevalence of coinfections was 3.5%32. 

This study found that only 5.43% of infections were confirmed 
as co-infections, which is similar to the results in the literature. 
Most of the patients (67.15%) included in our study developed 
secondary infections and this result is consistent with another 
reported literature32-33. Possibly the initial clinical uncertainty and 
discomfort in not taking immediate therapeutic action for patients 
who continued to show signs of worsening despite supportive care, 
including ongoing fever, signs of inflammation with progressive 
hypoxemia, laboratory markers, and/or radiological findings of 
increasing disease severity, contributed to the inappropriate 
prescription of antibiotics34. 

When analyzing the consumption profile of each antimicrobial in 
the Surveillance group, we identified that the variety of antibiotics 
consumed followed the trend of positive cultures, mostly positive 
for gram-negative bacteria, and thus allowing adequate coverage 
for secondary infectious treatment caused by gram-negative 
microorganisms. The reduction in consumption of the main 
antimicrobials that provide coverage for the treatment of gram-
positive bacteria, such as Linezolid and significantly Vancomycin 
(P<0.004), corroborate the hypothesis of adequate coverage for 
the treatment of infections caused by gram-negative bacteria. 
However, the exceptional increase in consumption (P<0.001) of 
the antibiotic Ceftriaxone in the Surveillance group should be 
highlighted, due to the incentive to use the antibiotic on hospital 
admission, which had an impact on ongoing consumption in the 
Intensive Care Unit. This fact was observed in several studies 
which identified that approximately half of hospitalized patients 
received Ceftriaxone commonly prescribed in association with 
azithromycin35. This probably reflects difficulties in distinguishing 
COVID-19 from community-acquired pneumonia.

Discussion Following the growing trend of use in the Surveillance group, 
we observed a significant increase in the consumption of 
Piperacillin+Tazobactan, and this may also be related to the 
increase in infections already considered secondary caused by 
microorganisms from the hospital environment. On the positive 
side, a reduction, albeit without a significant difference, was 
observed for broad-spectrum antimicrobials that are widely used 
in the ICU, such as Meropenem and Ciprofloxacin. These are 
already the most widely used antibiotics in Brazil, according to a 
study that included data from ICUs, surgical clinics and pediatrics 
at a teaching hospital in 201836.

A Brazilian study conducted in an ICU evaluating antimicrobial 
consumption during the COVID-19 pandemic used the AWaRE 
classification and drew attention to an increase in consumption of 
antimicrobials in the reserve group 37. In contrast, our study shows 
a decrease in consumption in the reserve group, with a significant 
reduction in Polymyxin B and a non-significant reduction in the 
other antibiotics in the reserve group. This is a positive point, as the 
high-priority pathogens on the WHO list, such as non-fermenting 
MDR Gram-negative bacilli, can only be treated with antibiotics 
from the Reserve group. The increased consumption of these 
antibiotics unnecessarily raises concerns about the therapeutic 
options available for treating infections in the ICU38. 

There was a reduction in the use of antifungal drugs, in particular 
a significant reduction in the use of echinocandins (Anidulafungin 
and Micafungin), which are the first line of treatment for 
candidemia. This reduction is of great importance, as the number 
of positive cultures for fungi was low and would not justify the 
high use of antifungals. 

Gram-negative microorganisms were the most prevalent (67.48%) 
in patient infections and this is similarly seen in studies reported in 
other parts of the world that describe superinfections or secondary 
bacterial infections33-34,39. In our study, we found Klebsiella 
pneumoniae, Acinetobacter and Pseudomonas species to be the 
predominant pathogens causing hospital-acquired infections. 
The Klebsiella pneumoniae, Acinetobacter isolates already had 
a high carbapenem resistance profile, >92% and >90%. Many 
carbapenem-resistant Acinetobacter infections (pneumonia, 
bloodstream among others) tend to occur in patients in intensive 
care units and are of particular concern because they are often 
difficult to treat with available antibiotics, as well as increasing 
length of stay, costs and increasing mortality35. The three isolates 
are real threats to public health that require urgent and aggressive 
action.

Secondary infections are particularly worrying when caused by 
microorganisms with multiple resistance, as they lead to more 
frequent use of broader-spectrum antimicrobial agents, which 
are considered the last line of treatment. The WHO tool makes 
it possible to assess antimicrobial consumption according to 
the classifications of Access, Surveillance and Reservation. The 
general aim of this tool is to reduce the use of antibiotics in the 
Surveillance and Reserve groups (considered the most crucial 
antibiotics for human medicine and with the highest resistance 
risk) and increase the antibiotics use in the Access group. Evaluating 
the antimicrobials consumption in the ICU in the periods before 
and during the pandemic, we observed that the antimicrobial 
representing the Access group, Ampicillin + Sulbactam, had 
a significant reduction in its consumption comparing the two 
periods. Increasing the consumption of antimicrobials in this group 
will be one of the future focuses of action if we are to achieve the 
objective proposed by the tool.

http://rbfhss.org.br
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This study has some inherent design limitations. For the 
antimicrobial consumption comparison analysis, a single center 
with 20 beds and for a short period of time was considered, 
because after December 2020, the ICU care profile was changed 
to care for patients who were not carriers of the new coronavirus 
and COVID-positive patients were transferred to other Intensive 
Care Units, restricting the number of patients included in the 
study. An initial view of a health problem with some hypotheses 
has been presented, but it is not the intention of this study to 
obtain definitive information on associations between risk factors 
and health outcomes. Another limitation, all cultures collected for 
diagnostic purposes were considered, although some may be just 
colonization and the patients did not receive antibiotic therapy for 
the pathogen isolated especially considering the urine cultures. 

The results obtained show a trend towards increased 
antimicrobials consumption in the Surveillance group, which 
includes antimicrobials that are more likely to be a warning of 
resistance and therefore prioritized as targets for management 
and monitoring programs. These findings are worrying, since the 
excessive antimicrobials use in the pandemic, especially those 
related to the Surveillance and Reserve groups, may reduce the 
therapeutic options available.

Despite the recommendations for empirical antibiotic therapy in the 
clinical suspicion of infection in critically ill patients affected by COVID-
19, this study suggests that bacterial co-infection in this population 
is rare. The results obtained in this study helped to elucidate the 
profile of COVID-19 positive patients who required admission to the 
ICU and to characterize the variation in antimicrobial consumption 
patterns according to the three groups of the AWaRe tool. Future 
studies are needed to measure the impact of increased antimicrobial 
consumption on the sensitivity profile of microorganisms in the 
Intensive Care Unit. Even more studies on the real risk factors for 
bacterial infections in COVID-19 patients are also needed to then 
determine the rational and guided use of antimicrobials. 

With the novel coronavirus pandemic, the threat of antimicrobial 
resistance is not only present, but has become even more 
prominent. Therefore, new actions such as the implementation 
of antimicrobial stewardship programs integrated into infection 
prevention and control programs are necessary to contain the 
indiscriminate use of antimicrobials and prevent the spread of 
multiple resistance microorganisms. 

Funding sources

We declare that the research was not funded.

Conflict of interest declaration

The authors declare no conflicts of interest in relation to this 
article.

Collaborators

AKSS: Main author of the work, responsible for data collection, 
interpretation and writing the article.  ALS and MRCGN: 

Conclusion

Supervisors of the work, responsible for the methodological 
design, structuring and critical review of the work and the article. 
All the authors approved the final version of the article.

1. World Health Organization, Novel Coronavirus (2019-nCoV) 
Situation report-1, 21 January 2020. Geneva, Switzerland. 
Avaliable in: https://www.who.int/docs/default-source/coro-
naviruse/situation-reports/20200121-sitrep-1-2019-ncov.pd-
f?sfvrsn=20a99c10_4; accessed on January 23, 2023.

2. Al Mutair, A., Al Mutairi, A., Alhumaid, S., Maaz Abdullah, S., 
Zia Zaidi, A. R., Rabaan, A. A., & Al-Omari, A. (2021). Exam-
ining and investigating the impact of demographic charac-
teristics and chronic diseases on mortality of COVID-19: Ret-
rospective study. PloS one, 16(9), e0257131. DOI:10.1371/
journal.pone.0257131. 

3. Nuño, M., García, Y., Rajasekar, G., Pinheiro, D., & Schmidt, 
A. J. (2021). COVID-19 hospitalizations in five California hos-
pitals: a retrospective cohort study. BMC infectious diseases, 
21(1), 938. DOI: 10.1186/s12879-021-06640-4. 

4. Banoei, M. M., Dinparastisaleh, R., Zadeh, A. V., & Mirsaeidi, 
M. (2021). Machine-learning-based COVID-19 mortality pre-
diction model and identification of patients at low and high 
risk of dying. Critical care (London, England), 25(1), 328. DOI: 
10.1186/s13054-021-03749-5. 

5. Rosenthal N, Cao Z, Gundrum J, Sianis J, Safo S. Risk Factors 
Associated With In-Hospital Mortality in a US National 
Sample of Patients With COVID-19. JAMA Network Open. 
2020;3(12):e2029058-e2029058. DOI: 10.1001/jamanet-
workopen.2020.29058. 

6. De Giorgi A, Fabbian F, Greco S, et al. Prediction of in-hospital 
mortality of patients with SARS-CoV-2 infection by comorbid-
ity indexes: an Italian internal medicine single center study. 
Eur Rev Med Pharmacol Sci. Oct 2020;24(19):10258-10266. 
DOI:10.26355/eurrev_202010_23250.  

7. Dominguez-Ramirez L, Rodriguez-Perez F, Sosa-Jurado F, 
Santos-Lopez G, Cortes-Hernandez P. The role of metabolic 
comorbidity in COVID-19 mortality of middle-aged adults. 
The case of Mexico. 2020:2020.12.15.20244160. DOI: 
10.1101/2020.12.15.20244160 %J medRxiv. 

8. Chung, D. R., and Huh, K. Novel Pandemic Influenza A (H1N1) 
and Community-Associated Methicillin-Resistant Staphy-
lococcus aureus Pneumonia. Expert Rev. Anti Infect. Ther. 
2015.13, 197–207. DOI: 10.1586/14787210.2015.999668. 

9. Centers for Disease Control and Prevention. COVID-19: U.S. 
Impact on Antimicrobial Resistance, Special Report 2022. 
Atlanta, GA: U.S. Department of Health and Human Services, 
CDC; 2022. Avaliable in: https://www.cdc.gov/drugresistance/
covid19.html; accessed in December 2022. DOI:10.15620/
cdc:117915.  

10. Rodríguez-Baño, J., Rossolini, G. M., Schultsz, C., Tacconelli, 
E., Murthy, S., Ohmagari, N., Holmes, A., Bachmann, T., Goos-
sens, H., Canton, R., Roberts, A. P., Henriques-Normark, B., 
Clancy, C. J., Huttner, B., Fagerstedt, P., Lahiri, S., Kaushic, C., 
Hoffman, S. J., Warren, M., Zoubiane, G., … Plant, L. (2021). 

References

http://rbfhss.org.br
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://doi.org/10.1371/journal.pone.0257131
https://doi.org/10.1371/journal.pone.0257131
https://doi.org/10.1186/s12879-021-06640-4
https://doi.org/10.1186/s13054-021-03749-5
https://dx.doi.org/10.26355/eurrev_202010_23250
https://www.cdc.gov/drugresistance/covid19.html
https://www.cdc.gov/drugresistance/covid19.html


© Authors 8eISSN: 2316-7750        rbfhss.org.br/

RBFHSS
Revista Brasileira de Farmácia Hospitalar e Serviços de Saúde

pISSN: 2179-5924        

Santos AK, Santana LA, Novaes MR. Antimicrobial use assessment in the Intensive Care Unit of a public and reference hospital for 
COVID-19 in the Federal District. Rev Bras Farm Hosp Serv Saude. 2023;14(4):0968. DOI: 10.30968/rbfhss.2023.144.0968.

Key considerations on the potential impacts of the COVID-19 
pandemic on antimicrobial resistance research and surveil-
lance. Transactions of the Royal Society of Tropical Medicine 
and Hygiene, 115(10), 1122–1129. DOI: 10.1093/trstmh/
trab048. 

11. Hsu J. (2020). How covid-19 is accelerating the threat of anti-
microbial resistance. BMJ (Clinical research ed.), 369, m1983. 
DOI: 10.1136/bmj.m1983. 

12. B.D. Huttner, G. Catho, J.R. Pano-Pardo, C. Pulcini, J. 
Schouten,  COVID-19: don’t neglect antimicrobial stew-
ardship principles!, Volume 26, Issue 7,2020,Pages 808-810, 
ISSN 1198-743X.DOI: 10.1016/j.cmi.2020.04.024.  

13. Clancy, C. J., & Nguyen, M. H. (2020). Coronavirus Disease 
2019, Superinfections, and Antimicrobial Development: 
What Can We Expect?. Clinical infectious diseases : an offi-
cial publication of the Infectious Diseases Society of America, 
71(10), 2736–2743. DOI: 10.1093/cid/ciaa524. 

14. Lehmann CJ, Pho MT, Pitrak D, Ridgway JP, Pettit NN. Com-
munity acquired co-infection in COVID-19: a retrospective 
observational experience. [published online ahead of print 
July 1, 2020]. Clin Infect Dis. 2020:ciaa902. DOI: 10.1093/cid/
ciaa902

15. Lansbury, L., Lim, B., Baskaran, V., & Lim, W. S. (2020). Co-in-
fections in people with COVID-19: a systematic review and 
meta-analysis. The Journal of infection, 81(2), 266–275. DOI: 
10.1016/j.jinf.2020.05.046. 

16. O’Neill, J. Tackling Drug-Resistant Infections Globally: Final 
Report and Recommendations. Review on Antimicrobial Re-
sistance. Wellcome Trust and HM Government. 2016. Aval-
iable in: https://amr-review.org/sites/default/files/160525_
Final%20paper_with%20cover.pdf. Accessed in: December 
2022.

17. Rawson, T. M., Moore, L. S. P., Zhu, N., Ranganathan, N., Sko-
limowska, K., Gilchrist, M., Satta, G., Cooke, G., & Holmes, A. 
(2020). Bacterial and Fungal Coinfection in Individuals with 
Coronavirus: A Rapid Review To Support COVID-19 Antimicro-
bial Prescribing. Clinical infectious diseases: an official publi-
cation of the Infectious Diseases Society of America, 71(9), 
2459–2468. DOI: 10.1093/cid/ciaa530

18. da Silva, R. M. R., de Mendonça, S. C. B., Leão, I. N., Dos Santos, 
Q. N., Batista, A. M., Melo, M. S., Xavier, M. D. M., Quintans 
Júnior, L. J., da Silva, W. B., & Lobo, I. M. F. (2021). Use of mon-
itoring indicators in hospital management of antimicrobials. 
BMC infectious diseases, 21(1), 827. DOI: 10.1186/s12879-
021-06542-5. 

19. Guisado-Gil, A. B., Infante-Domínguez, C., Peñalva, G., Praena, 
J., Roca, C., Navarro-Amuedo, M. D., Aguilar-Guisado, M., Es-
pinosa-Aguilera, N., Poyato-Borrego, M., Romero-Rodríguez, 
N., Aldabó, T., Salto-Alejandre, S., Ruiz-Pérez de Pipaón, M., 
Lepe, J. A., Martín-Gutiérrez, G., Gil-Navarro, M. V., Molina, J., 
Pachón, J., Cisneros, J. M., & On Behalf Of The Prioam Team 
(2020). Impact of the COVID-19 Pandemic on Antimicrobial 
Consumption and Hospital-Acquired Candidemia and Mul-
tidrug-Resistant Bloodstream Infections. Antibiotics (Basel, 
Switzerland), 9(11), 816. DOI: 10.3390/antibiotics9110816. 

20. Rawson, T. M., Ming, D., Ahmad, R., Moore, L. S. P., & Holmes, 
A. H. (2020). Antimicrobial use, drug-resistant infections and 
COVID-19. Nature reviews. Microbiology, 18(8), 409–410. 

DOI: 10.1038/s41579-020-0395-y. 

21. Grau, S., Hernández, S., Echeverría-Esnal, D., Almendral, 
A., Ferrer, R., Limón, E., Horcajada, J. P., & Catalan Infec-
tion Control and Antimicrobial Stewardship Program (VIN-
Cat-PROA) (2021). Antimicrobial Consumption among 66 
Acute Care Hospitals in Catalonia: Impact of the COVID-19 
Pandemic. Antibiotics (Basel, Switzerland), 10(8), 943. DOI: 
10.3390/antibiotics10080943. 

22. BRASIL. Ministério da Saúde. Saiba como é feita a definição de 
casos suspeitos de Covid-19 no Brasil. [Brasília]: Ministério da 
Saúde, 12/05/2021. Avaliable in: https://www.gov.br/saude/
pt-br/coronavirus/artigos/definicao-e-casos-suspeitos. Ac-
cessed on: December 20, 2022.

23. Barlam, T., Al Mohajer, M., Al-Tawfiq, J., Auguste, A., Cunha, 
C., Forrest, G., . . . Schaffzin, J. (2022). SHEA statement on 
antibiotic stewardship in hospitals during public health emer-
gencies. Infection Control & Hospital Epidemiology, 43(11), 
1541-1552. DOI: 10.1017/ice.2022.194. 

24. Brasil. Agência Nacional de Vigilância Sanitária. Prevenção de 
infecções por microrganismos multirresistentes em serviços 
de saúde – Série Segurança do Paciente e Qualidade em 
Serviços de Saúde/Agência Nacional de Vigilância Sanitária – 
Brasília: ANVISA, 2021.

25. WHO Collaborating Centre for Drug Statistics Methodology, 
Guidelines for ATC classification and DDD assignment 2023. 
Oslo, Norway, 2022

26. WHO Access, Watch, Reserve (AWaRE) classification of 
antibiotics for evaluation and monitoring of use, 2021. 
Geneva: World Health Organization; 2021 (WHO/MHP/HPS/
EML/2021.04). Licence: CC BY-NC-SA 3.0 IGO.

27. World Health Organization. Global antimicrobial resis-
tance and use surveillance system (‎GLASS)‎ report: 2022. 
World Health Organization. https://apps.who.int/iris/
handle/10665/364996. Licença: CC BY-NC-SA 3.0 IGO.

28. WHO COVID-19 Dashboard. Geneva: World Health Organiza-
tion, 2020. Avaliable in: https://covid19.who.int/. Accessed 
on: February 1, 2023.

29. de Oliveira, A. Z., de Oliveira, M. L. C., Cardoso, F. R. G., & 
Siqueira, S. S. (2021). Profile of patients presenting hospi-
tal-acquired infection at intensive care units of public hospi-
tals. Revista De Epidemiologia E Controle De Infecção, 10(4). 
DOI: 10.17058/reci.v10i4.13103. 

30. Stall, N. M., Wu, W., Lapointe-Shaw, L., Fisman, D. N., Gi-
annakeas, V., Hillmer, M. P., & Rochon, P. A. (2020). Sex- and 
Age-Specific Differences in COVID-19 Testing, Cases, and Out-
comes: A Population-Wide Study in Ontario, Canada. Journal 
of the American Geriatrics Society, 68(10), 2188–2191. DOI: 
10.1111/jgs.16761

31. Vaughn, V. M., Gandhi, T. N., Petty, L. A., Patel, P. K., Prescott, 
H. C., Malani, A. N., Ratz, D., McLaughlin, E., Chopra, V., & 
Flanders, S. A. (2021). Empiric Antibacterial Therapy and 
Community-onset Bacterial Coinfection in Patients Hospital-
ized With Coronavirus Disease 2019 (COVID-19): A Multi-hos-
pital Cohort Study. Clinical infectious diseases: an official pub-
lication of the Infectious Diseases Society of America, 72(10), 
e533–e541. DOI: 10.1093/cid/ciaa1239.

32. Langford, B. J., So, M., Raybardhan, S., Leung, V., Westwood, 

http://rbfhss.org.br
https://doi.org/10.1093/trstmh/trab048
https://doi.org/10.1093/trstmh/trab048
https://doi.org/10.1136/bmj.m1983
https://doi.org/10.1093/cid/ciaa524
https://doi.org/10.1093/cid/ciaa902
https://doi.org/10.1093/cid/ciaa902
https://doi.org/10.1016/j.jinf.2020.05.046
https://doi.org/10.1016/j.jinf.2020.05.046
https://amr-review.org/sites/default/files/160525_Final paper_with cover.pdf
https://amr-review.org/sites/default/files/160525_Final paper_with cover.pdf
https://doi.org/10.1093/cid/ciaa530
https://doi.org/10.1186/s12879-021-06542-5
https://doi.org/10.1186/s12879-021-06542-5
https://doi.org/10.3390/antibiotics9110816
https://doi.org/10.1038/s41579-020-0395-y
https://doi.org/10.3390/antibiotics10080943
https://doi.org/10.3390/antibiotics10080943
https://covid19.who.int/
https://doi.org/10.17058/reci.v10i4.13103


© Authors 9eISSN: 2316-7750        rbfhss.org.br/

RBFHSS
Revista Brasileira de Farmácia Hospitalar e Serviços de Saúde

pISSN: 2179-5924        

Santos AK, Santana LA, Novaes MR. Antimicrobial use assessment in the Intensive Care Unit of a public and reference hospital for 
COVID-19 in the Federal District. Rev Bras Farm Hosp Serv Saude. 2023;14(4):0968. DOI: 10.30968/rbfhss.2023.144.0968.

D., MacFadden, D. R., Soucy, J. R., & Daneman, N. (2020). Bac-
terial co-infection and secondary infection in patients with 
COVID-19: a living rapid review and meta-analysis. Clinical mi-
crobiology and infection : the official publication of the Euro-
pean Society of Clinical Microbiology and Infectious Diseases, 
26(12), 1622–1629. DOI: 10.1016/j.cmi.2020.07.016

33. He, Y., Li, W., Wang, Z., Chen, H., Tian, L., & Liu, D. (2020). 
Nosocomial infection among patients with COVID-19: A ret-
rospective data analysis of 918 cases from a single center in 
Wuhan, China. Infection control and hospital epidemiology, 
41(8), 982–983. DOI: 10.1017/ice.2020.126

34. O’Kelly, B., Cronin, C., Connellan, D., Griffin, S., Connol-
ly, S. P., McGrath, J., Cotter, A. G., McGinty, T., Muldoon, E. 
G., Sheehan, G., Cullen, W., Doran, P., McHugh, T., Vidal, L., 
Avramovic, G., & Lambert, J. S. (2021). Antibiotic prescribing 
patterns in patients hospitalized with COVID-19: lessons from 
the first wave. JAC-antimicrobial resistance, 3(2), dlab085. 
DOI: 10.1093/jacamr/dlab085. 

35. CDC. COVID-19: U.S. Impact on Antimicrobial Resistance, 
Special Report 2022. Atlanta, GA: U.S. Department of Health 
and Human Services, CDC; 2022. Avaliable in: https://www.
cdc.gov/drugresistance/covid19.html. DOI:https://dx.doi.
org/10.15620/cdc:117915.

36. Da Silva, R. M. R., de Mendonça, S. C. B., Leão, I. N., Dos 
Santos, Q. N., Batista, A. M., Melo, M. S., et al. (2021). Use 
of Monitoring Indicators in Hospital Management of Antimi-
crobials. BMC Infect. Dis. 21, 827. DOI: 10.1186/s12879-021-
06542-5.

37. lva ARO, Salgado DR, Lopes LPN, Castanheira D, Emmerick ICM 
and Lima EC (2021) Increased Use of Antibiotics in the Inten-
sive Care Unit During Coronavirus Disease (COVID- 19) Pan-
demic in a Brazilian Hospital. Front. Pharmacol. 12:778386. 
DOI: 10.3389/fphar.2021.778386.

38. Karaiskos, I., Lagou, S., Pontikis, K., Rapti, V., and Poulakou, 
G. (2019). The “Old” and the “New” Antibiotics for MDR 
Gram-Negative Pathogens: For Whom, when, and How. 
Front. Public Health 7, 151. DOI: 10.3389/fpubh.2019.00151. 

39. Garcia-Vidal C, Sanjuan G, Moreno-García E, et al. Incidence 
of co-infections and superinfections in hospitalized patients 
with COVID-19: a retrospective cohort study. Clin Microbiol 
Infect. 2021;27(1):83-88. DOI: 10.1016/j.cmi.2020.07.041. 

http://rbfhss.org.br
https://doi.org/10.1016/j.cmi.2020.07.016
https://doi.org/10.1017/ice.2020.126
https://doi.org/10.1093/jacamr/dlab085
https://dx.doi.org/10.15620/cdc:117915
https://dx.doi.org/10.15620/cdc:117915

