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Background: The impact of COVID-19 on healthcare- associated infections (HCAI) caused by multidrug-resis-
tant (MDR) bacteria that contribute to higher mortality is a growing area of study
Methods: This retrospective observational study compares the incidence density (ID) of HCAI caused by MDR
bacteria (CRE, CRAB, CRP, MRSA and VRE) pre-COVID (2017-2019) and during the COVID-19 pandemic
(2020) in overall hospitalized patients and in intensive care (ICU) units.
Results: We identified 8,869 HCAI, of which 2,641 (29.7%) were caused by bacterial MDR, and 1,257 (14.1%)
were from ICUs. The overall ID of MDR infections increased 23% (P < .005) during COVID-19. The overall per-
pathogen analysis shows significant increases in infections by CRAB and MRSA (+108.1%, p&lt;0.005; +94.7%,
p&lt;0.005, respectively), but not in CRE, CRP, or VRE. In the ICU, the overall ID of MDR infections decreased
during COVID, but that decline was not significant (-6.5%, P = .26). The ICU per-pathogen analysis of ID of
infection showed significant increases in CRAB and MRSA (+42.0%, P = .001; +46.2%, P = .04), significant
decreases in CRE and CRP (-26.4%, P = .002; -44.2%, P = 0.003, respectively) and no change in VRE.
Conclusions: The COVID-19 pandemic correlates to an increase in ID of CRAB and MRSA both in ICU and non-
ICU setting, and a decrease in ID of CRE and CRP in the ICU setting. Infection control teams should be aware
of possible outbreaks of CRAB and MRSA and promote rigorous adherence to infection control measures as
practices change to accommodate changes in healthcare needs during and after the pandemic.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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BACKGROUND

The COVID-19 pandemic is the greatest threat to global health
since the Spanish Influenza pandemic in the 20th century. Following
the World Health Organization’s declaration of pandemic status in
March 2020,1 health systems have been challenged to continuously
adapt to the rapid changes in our understanding of the disease itself,
abrupt policy changes related to pandemic management, the second-
ary health effects of the pandemic,2 the effects of the disease itself,3

and now evolving mutations of SARS-CoV-2.4 To protect patients and
healthcare workers, hospitals and clinics implemented various
measures to prevent contagion spread, such as the universal use of
personal protective equipment (PPE), extensive training, and intensi-
fication of existing infection control policies. As the pandemic contin-
ues, these combined stresses have pushed many health systems to
the limits of their functioning, threatening healthcare system collapse
in addition to the unequivocal social and economic devastation that
are emerging from this global crisis.5

During past pandemics and in outbreaks of respiratory viruses,
secondary bacterial and fungal infections were common causes of
overall morbidity and mortality, but the impact of these secondary
infections during COVID-19 remains under study.6-7 Some studies
report that 14%-44% of patients develop secondary infection, which
certainly contributes to worse clinical outcomes, longer hospital stays
and higher mortality rates.6-7 However, other studies suggest the
actual rate of co-infection is relatively low at 3.5%, and the rate of sec-
ondary infection in hospitalized patients is 14.3%. Regardless of the
actual rates of co-infection and secondary infection, antibiotics are
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Fig 1. Healthcare associated infection (HCAI) database selection diagram.
MDR = Multidrug resistant
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almost certainly overprescribed, with an estimated prevalence of
74.6% in one meta-analysis. With long hospital stays and prolonged
mechanical ventilation for some COVID-19 patients, healthcare-asso-
ciated infections (HCAI) rates have increased, with an associated
increase on infections by multidrug resistant (MDR) pathogens.5

Treatment for real and feared co-infection and HCAI have all contrib-
uted to a substantial increase in antibiotic prescribing globally, often
using broad-spectrum antimicrobials.5,8,9 This, in turn, is associated
with a major impact on the emergence of MDR bacterial infections
worldwide.6-10

We hypothesize that the selective pressure from increased antibi-
otic use in combination with invasive support measures and continu-
ous use of PPE will have a measurable impact on the overall
incidence of MDR bacterial infections. The objective of this study is to
assess the impact of the COVID-19 pandemic on the incidence of
MDR bacterial infections in an acute care hospital in Brazil.

METHODS

We performed an observational retrospective study to identify the
incidence of all MDR bacterial infections from January-2017 to
December-2020 at Instituto Central and analyzed all cases of HCAI
caused by MDR bacteria. For detailed analysis, we also identified
HCAI caused by any of these MDR bacteria: carbapenem-resistant
Enterobacterales (CRE), carbapenem-resistant Pseudomonas aerugi-
nosa (CRP), carbapenem-resistant Acinetobacter baumannii (CRAB),
vancomycin-resistant Enterococcus (VRE), or methicillin-resistant
Staphylococcus aureus (MRSA).

The rates of MDR bacterial infections are expressed in incidence
density (ID) (Although we are prospectively collecting data to com-
plete a time-series analysis of MDR infections when the pandemic
concludes, to inform policy in the interim, in this study we look at
median incidence change from baseline). The incidence density of
infections caused by multidrug-resistant bacteria was calculated
using the number of MDR infection cases in the period as numerator
and the number of patient-days in the same period multiplied by
1,000 as denominator. In order to assess the trend curve, the inci-
dence densities were aggregated for each 3-month period (quarters).
To assess pre- and post-pandemic differences, the incidence densities
were aggregated from the 2017 to 2019 (pre-pandemic) period and
compared with the aggregated data from 2020 (the pandemic
period). We analyzed total rates, rates per pathogen and rates of ICU
units. In total rates are included the rates of ICUs.

Instituto Central is a tertiary care public teaching hospital affili-
ated with the Hospital das Clínicas of University of S~ao Paulo, Brazil.
It is housed in an 11-floor building and staffed with 6,000 healthcare
workers (HCW) who manage care across 1,000 beds, 100 of which
are intensive care (ICU). Instituto Central became a referral center for
COVID-19 care in the state of S~ao Paulo, and, in March of 2020, was
dedicated solely to COVID patient care. In that setting HCW from
other areas were dislocated do COVID-19 care and the number of ICU
beds increased to 200 in total. However, with the remission of the
pandemic in August 2020, the hospital returned to attend non-COVID
cases, again becoming a general hospital. Personal protection equip-
ment was provided to all healthcare workers taking care of COVID19
patients. Furthermore, all healthcare workers received training on
the proper use of PPE, including N95 masks, disposable gloves and
gowns.

The Department of Infection Control maintains a database and
notifies all cases that meet the U.S. Centers for Disease Control and
Prevention (CDC) definition of healthcare-associated infections - a
healthcare-associated infection is a localized or systemic condition
resulting from an adverse reaction to the presence of an infectious
agent(s) or its toxin(s) that was not present on admission to the acute
care facility and started after 72 hours of admission.11 For the ICU
patients, HCAI is considered when the infectious evidence starts after
48 hours of admission in the ICU.12 All patients colonized or infected
by MDR bacteria were under contact precautions. For COVID-19
infected patients with MDR bacteria infections, the use of a second
gown for patient care was instituted, which was removed after each
contact. The microbiology laboratory uses the MALDI-TOF methodol-
ogy for identification of bacterial isolates, and the Vitek 2 (bioMer-
ieux) system for antimicrobial sensitivity tests according to the
"Clinical and Laboratory Standards Institute'' (CLSI) document.13

The incidence densities of infections were analyzed by quarters in
all units and in the intensive care units to analyze trends. To analyze
the differences between the pre-pandemic and pandemic periods,
we used aggregated data and a comparison was made using the
Mann-Whitney U test comparing medians in the two periods. A value
of P ≤ .05 was considered statistically significant. The statistical anal-
ysis was performed using the statistical software Epi Info TM version
7.2 of the Centers for Diseases Control.

The study was approved by the ethics committee of the hospital
under protocol number 4.414.708.
RESULTS

During the period of study, we identified 8,869 HCAI in our data-
base; 5,143 (57.9%) were caused by one of the appointed bacterial
agents and 2,641 (29.7%) were multidrug resistant and were selected
for the analysis (as shown in Fig 1). Of these, 1,257 (14.1%) were from
patients located in the intensive care unit. (See Table 1).

There is no statistical difference in incidence between 2017 and
2018, 2018 and 2019, or 2017 and 2019 (unpaired 2 tailed t-test to
95% confidence, P = .962, 0.156, and .207, respectively; combined
simple linear regression trendline R^2 = 0.233). Hence, the combined
data from 2017 to 2019 serves as an appropriate baseline for inci-
dence of MDR infections.

When we analyze the incidence density per year, we can note that
the overall incidence density remained stable during the years 2017
to 2020, but when we analyzed the incidence density only in



Table 1
Comparison of incidence density between pre-pandemic and pandemic period

Incidence density DIR* Percent change Py

Pre-pandemic period (2017-2019) Pandemic Period (2020)

Overall MDR infections
Total 3.14 3.89 1.59 23.9% <.005
CRE 1.29 1.38 1.20 6.5% .42
CRP 0.42 0.36 0.99 -15.1% .28
CRAB 0.53 1.10 2.95 108.1% <.005
MRSA 0.24 0.46 2.84 94.7% <.005
VRE 0.65 0.59 1.43 -10.6% .34

ICU MDR Infections
Total ICU 9.22 8.62 1.19 -6.5% .26
CRE 3.82 2.81 0.84 -26.4% <.005
CRP 1.21 0.67 0.60 -44.2% <.005
CRAB 2.07 2.94 2.08 42.0% <.005
MRSA 0.76 1.12 1.94 46.2% .04
VRE 1.36 1.08 1.39 -20.5% .17

Bold p values are significant.
CRE, Carbapenem Resistant Enterobacterales; CRAB, Carbapenem Resistant Acinetobacter baumannii, CRP, Carbapenem Resistant Pseudomonas aeruginosa, MRSA, Methicillin Resis-
tant Staphylococcus aureus, VRE, Vancomycin resistant Enterococcus, ID, Incidence Density
*Density incidence Ratio
yChi square test to 95% confidence.
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intensive care units, we noticed a decline (Fig 2). Although the
increase in MDR incidence between baseline years (2017-19) and the
pandemic year (2020) is not significant (6 vs 8.4, P = .063), the differ-
ence between the baseline years and the peak of the pandemic (Sec-
ond and third trimesters, 2020) is significant (6 vs 11.4, P<.001). This
is easily visualized in Fig. 2 and 3. When the incidence of MDR is con-
sidered only in the ICU setting, there is a decrease in incidence from
9.2 to 8.6, but this is not significant (P > .05).

Fig. 3 and 4 show the incidence densities by pathogen. Fig 3 shows
the incidence densities of carbapenem-resistant gram-negative
bacilli (CRE, CRP, CRAB) in all hospital units (A) and intensive care
units only (B). Fig 4 shows the incidence densities of resistant gram-
positive cocci (MRSA and VRE) in the same manner.

Analysis by MDR pathogens in overall units shows an increase in
the incidence density of CRE, CRAB and MRSA and a decrease in the
Fig 2. Incidence densities for MDR infections in pre-pandemic and pandemic period.MD
incidence density of CRP and VRE. The increase in the incidence den-
sity of CRAB was 108% (P < .005) and MRSA was 94% (P < .005;
Table 1).

Analysis by MDR pathogens in ICU units also shows an increase in
the incidence density of MRSA and CRAB and also shows a decrease
in the incidence density of CRE, CRP and VRE. In the ICU, the increase
in the incidence density of CRAB and MRSA 42% (P = .001) and 46.2%
(P = .040), respectively (Table 1).

This increase was the result of two outbreaks in the ICU units. The
MRSA outbreak occurred at a medical ICU in isolates of tracheal
secretions and it was investigated by collecting nasal surveillance
cultures from all patients and healthcare workers. A pulsed-field gel
electrophoresis (PFGE) analysis was made and demonstrated a poly-
clonal pattern, showing that cross transmissions probably were not
the cause of this outbreak. After implementation of the patient�s
R = Multidrug resistant bacteria; ICU = Intensive Care Unit; ID = Incidence Density



Fig 3. Distribution of Incidence densities of Gram negative MDR - CRE, CRAB and CRP − infections (A = overall; B = ICU). CRE = Carbapenem Resistant Enterobacterales;
CRAB = Carbapenem Resistant Acinetobacter baumannii; CRP = Carbapenem Resistant Pseudomonas aeruginosa; ID = Incidence Density; QUA = Quarter
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cohort and reinforced hand hygiene, the outbreak was controlled.
The CRAB outbreak occurred at a surgical ICU both in blood cultures
and tracheal secretions but it was not microbiologically investigated,
so unfortunately we do not have clonality analysis. After the intro-
duction of a second gown for the care of infected/colonized patients
there was a decrease in the number of cases.

DISCUSSION

To our knowledge this is the first Brazilian study to evaluate
incidence densities of bacterial MDR infections during the COVID-
19 pandemic. We found significant differences in the density inci-
dence of MDR infections when comparing the pre-pandemic and
pandemic period, especially on MRSA and CRAB infections. Our
results show how the transition of a big general hospital to a
COVID-19 dedicated health service alters the incidence of MDR
infections.

COVID-19 has rapidly grown from a pneumonia outbreak in
Wuhan, China13 to a global catastrophe. The Americas are currently
regarded as the epicenter of the pandemic, and Brazil has 9 million
confirmed cases and about 240,000 deaths through February 2021.
[Minist�erio da Sa�ude]



Fig 4. Distribution of incidence densities of Gram positive MDR - MRSA and VRE − infections (A = overall; B = ICU). MRSA = Methicillin Resistant Staphylococcus aureus;
VRE = Vancomycin resistant Enterococcus; ID = Incidence Density; QUA = Quarter
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Our hospital responded to the pandemic by rapidly developing and
implementing a massive operation to transform all its beds for the
exclusive care of COVID-19 patients and converting 200 regular beds
to enable ICU-level care. As part of enhanced precautions in the hospi-
tal, and increased awareness and concern for COVID-19 spread, we
expected a decrease in the incidence density of bacterial MDR infec-
tions, consistentwith contact precautions for COVID-19 patients.

In recent years, isolates of CRE have been reported worldwide and
has dramatically increased in Brazil,14 so our Department of Infection
Control implemented admission and cross-sectional surveillance
cultures on all ICU patients to screen carrier status and ensure appro-
priate precautions to avoid cross-transmission and to avoid infections
by MDR. Since 2014, this strategy has been associated with year-by-
year decreases in incidence density by CRE infection in the ICUs of
our hospital (internal data). The CRE infection surveillance program
may explain pre-COVID decline since its main objective is to prevent
cross-transmission and potentially reduce infection rates. CRE sur-
veillance was suspended during the pandemic period due to the uni-
versal contact precautions measures in the complex, and that
confounds comparison of pre- and post-COVID CRE results.
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The increase in MDR bacterial infections for CRAB, MRSA and CRE
are substantial, significant, and consistent with other published liter-
ature,15,16 which show increases in MDR infections of 6%-15%, with
associated increases in higher mortality and length of hospital stay in
COVID-19 patients.17-20

We found an increase of 108% in HCAI by CRAB in all units and 42%
in ICUs units. Outbreaks of CRAB have been well documented in acute
care hospitals, particularly among critically ill patients, and are often
driven by factors that include breaches in infection control and per-
sistent environmental contamination.21 During the COVID-19 pan-
demic, inexperienced healthcare workers (HCW), reduced capacity
for overall auditing practices and both intentional and unintentional
changes in infection control practices likely contributed to this CRAB
increase. We were unable to investigate this outbreak microbiologi-
cally. The large number of CRAB isolates, in combination with work
overload, precluded a robust investigation into the causes of the
CRAB increase. However, containment measures were implemented
and training on the use of personal protection equipment (PPE) were
performed, mainly in intensive care units, where in some COVID-19
cases the gown was used for more than one patient and discarded
only at the end of the work shift. After this outbreak, we instituted
the use of a second gown for patients colonized or infected by CRAB
and this second gown was discarded after patient care.

Regarding the increase of 94% in HCAI by MRSA in all units and
46% in ICUs units, because of the smaller number of isolates and infre-
quency of MRSA in our ICUs we were able to investigate causes.
MRSA infections are known to be associated with invasive devices
and breach of prevention measures such as proper hand hygiene and
use of inadequate PPE.18-20 Other publications show a significant
increase in bloodstream infection with an impact on mortality, with a
report of 86% increase in the number of MRSA infections.22

We collected surveillance cultures (nasal swabs) from patients
and HCW of a specific ICU where the cases were concentrated and
found no secondary colonization. We were able to investigate the
outbreak microbiologically since the number of isolates was smaller
and the pathogen, until then infrequent and mainly in the ICUs, drew
earlier attention to the increase in the number of cases.

We noted a stabilization in CRE rates and a decrease in CRP and
VRE rates. A possible explanation for why some MDR rates increase
while others decrease is the biological plausibility of these agents or
the consumption of antimicrobials by selective pressure.23

Despite campaigns reinforcing the absence of antibiotic action in
viral diseases it is noted that there is a trend in more antibiotic pre-
scriptions in these situations and that it should continue in the cur-
rent context, leading to a greater risk of selection of resistant
microbiota, a serious contemporary problem that spreads as well as a
pandemic, already with complex and serious consequen-
ces.8,24,25,14,26 The analysis of antimicrobial consumption is a concern
of another study.

Several antibiotics are (over)prescribed for secondary infection in
COVID-19 patients, but there is a tendency to prescribe macrolides in
the outpatient setting, likely because of inpatient associations with
better outcomes that have not been proven in outpatient settings.21

Inpatient clinicians tend to prescribe third generation cephalospor-
ins.27,28 In a recent meta-analysis, it was noted that up to two thirds
(62.4%) of patients who received some medical care because of SARS-
COV-2 infection received some antibiotic, the choice was heteroge-
neous and dependent on the region evaluated with microbiological
evidence of presumptive bacterial infection in 5% to 8% of the patients
studied.27−30,31 The need to stay ahead of infection in the critically ill
pushes clinicians towards a greater use of broad-spectrum antimicro-
bials in mechanically ventilated patients due to the difficulty in dis-
tinguishing the inflammatory phase of COVID-19 with the
appearance of secondary infection.8,32,33 Future studies are war-
ranted to evaluate the changes in incidence of MDR infections during
COVID-19 in Brazil with changes in antibiotic prescribing
patterns.34,35

Another consideration is that COVID-19 critically ill patients tend
to have longer mechanical ventilation periods and longer hospital
stays. That can lead to important sequels like pressure ulcers with
secondary infections by MDR agents and other HCAI in non-ICU
patients, a reasonable explanation on the MDR rise both in ICU and
non-ICU settings.36

Limitations of this study include its single center data and the cen-
ter’s focus on COVID-19 care during part of the pandemic period,
which may have introduced a selection bias that limits generalizabil-
ity.

Recently there is a large scientific production on COVID-19 but
few publications directly assessing the changes occurring in health
services. The majority of articles and reviews focus on theoretical
postulations. Thus, our study shows the impact of the COVID-19 pan-
demic on the incidence of multidrug-resistant bacterial infections in
an acute care hospital in Brazil.

Our study highlights two risks of modifying standard practice to
address a pandemic: (1) infection control measures and (2) antibiotic
over prescription based on the difficulty in accurate etiological diag-
nosis. Consistency in practice is a hallmark of high-quality medical
care; practice modifications may be necessary and appropriate but
should never be taken lightly.37,38

In conclusion, COVID-19 is associated with an increase in inci-
dence of CRAB and MRSA infections both in ICUs and non-ICUs units.
Infection control teams should be aware of the risk of outbreaks from
these pathogens. Strategies to reduce antimicrobial consumption in
hospitalized COVID-19 patients and ensure proper PPE use may miti-
gate these increases. Research is needed to explore the relationship
between antimicrobial prescription patterns during COVID-19 and
increases in MDR incidence.
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