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In Brazil, the first case of COVID-19 was reported on Feb-
ruary 26", 2020. According to the World Health Organization
(WHO) COVID-19 dashboard, Brazil has 10,013 cases and 278.66
deaths per 100,000 inhabitants (September 26", 2021), and is
among the highest incidence countries for the pandemic [2,3].

In Parana, a state located in southern Brazil, the first confirmed
COVID-19 case was reported on March 12, 2020. Since then,
according to data made available by the Brazilian Ministry of
Health on the COVID-19 panel, the number of new cases reported
per quarter in 2020 were: 358 (first quarter); 45,396 (second
quarter); 312,042 (third quarter); 475,336 (fourth quarter).

One of the major concerns regarding hospitalized patients with
COVID-19 is bacterial superinfections, especially in the intensive
care setting and in patients using invasive devices as well as in
situations of outbreaks by multidrug-resistant bacteria resulting
from poorer adherence to infection control practices [4,5].

Lower-middle-income countries have higher rates of anti-
microbial resistance than developed countries [6]. The pan-
demic and the consequent overload on health services have
further affected infection control programmes and anti-
microbial stewardship [7].

Since publications on this subject are still limited, we aimed
to analyse the trend of the incidence density of carbapenem-
resistant Gram-negative bacteria (CR-GNB) in device-
associated infections (DAls), besides the profile of anti-
microbial agent consumption between January 2019 and
December 2020, in adult intensive care units (AICUs).

Methods
Study design and data source

This is an aggregated data study of CR-GNB notified in DAls
as well as antimicrobial consumption in AICUs, reported
monthly in the online hospital infection notification system of
the State Health Department — Parand, Brazil, from January
2019 through December 2020. The validation of the data noti-
fied by the hospitals is carried out by the professionals
responsible for monitoring this information in the state health
department (Supplementary Appendix 1).

Data on reverse transcription—polymerase chain reaction
(RT—PCR)-confirmed cases of COVID-19 admitted to AICUs were
extracted from the open notification database available on the
Brazilian Ministry of Health Website, downloaded on August
15%, 2021 (Supplementary Appendix 2).

Setting and participants

This study was conducted in the state of Parand, south of
Brazil, using aggregate data from 99 hospitals that reported
11,248 device-associated infections in 234,631 patients
admitted to AICUs between January 2019 and December 2020;
6982 cases of COVID-19 were notified in patients admitted to
these units. In all, 33.3% of the institutions were exclusively
private; the other 66.7% were public or mixed profile; and
55.5% of the centres were teaching institutions.

Variables

Data on CR-GNB were collected regarding the notification
of Acinetobacter baumannii, Pseudomonas aeruginosa, and

Klebsiella pneumoniae in central line-associated bloodstream
infection (CLABSI), mechanical ventilator-associated pneu-
monia (VAP), and catheter-associated urinary tract infection
(CAUTI).

To define DAI, hospitals are recommended to use the criteria
of the National Health Surveillance Agency criteria, which are
based on those of the US Centers for Disease Control and Pre-
vention. Notifications of colonization were not requested since
they did not meet the infection criteria. All hospitals are
instructed to report each aetiologic agent per infection epi-
sode only once.

Regarding susceptibility detection methods, either con-
ventional (Kirby—Bauer) or any automated method following
the breakpoints of the Clinical and Laboratory Standards
Institute (CLSI) or European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST), were accepted.

Data related to the consumption of each antimicrobial (in
grams) were collected to calculate the defined daily dose
(DDD) using the updated WHO Collaborating Centre of Drug
Statistics Methodology index (https://www.whocc.no/atc_
ddd_index/). The antimicrobials included in the analysis
were polymyxin B, colistin (polymyxin E), meropenem,
piperacillin/tazobactam, cefepime, ceftazidime, and intra-
venous quinolones.

The variables included from the COVID-19 database were
COVID-19 RT—PCR confirmation, date of notification and ICU
admission. For the analysis, the database of COVID-19 notifi-
cations and hospital-acquired infections was cross-referenced
by identifying the healthcare facility.

Statistical analysis

To calculate the incidence density of the DAls, the specific
denominator of each device-day was used (central line-day,
mechanical ventilation-day, and urinary catheter-day).

The incidence density of CR-GNB per 1000 patient-days was
calculated using the number of occurrences of each pathogen
notified in the DAIs divided by the patient-day of the corre-
sponding period.

To calculate the DDD per 1000 patient-days, the monthly
antimicrobial consumption notification was divided by the
corresponding DDD and then by the number of patient-days in
the corresponding period. Both calculations were adjusted
using the 1000 multiplier.

For trend analysis, the Joinpoint regression available from
the National Cancer Institute (https://surveillance.cancer.
gov/help/joinpoint) was applied. This is a method of time
trend analysis (e.g. incidence, prevalence, survival rates) that
identifies segments that best explain a trend over time using a
sequence of permutation tests to select the number of join
points, inflection points, or trend changes in the analysed
series and to ensure that the approximate probability of the
Type | error is less than the specified significance level (alpha
level). In this study, the parameters set as a standard by the
model were used, including the logarithmic transformation of
the data, the number of permutations (4499), the minimum
and the maximum number of junction points (0 and 4), and
P < 0.05, with a 95% confidence interval. The defined inde-
pendent variable was the time interval stratified into monthly
periods, and the model then provided the corresponding
monthly percent change (MPC) values between the identified
segments.
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The Spearman test was used to analyse the correlation
between the incidence density of CR-GNB per 1000 patient-
days versus reported cases of COVID-19 per 1000 patient-days
and antimicrobial consumption in DDD per 1000 patient-days
in the AICUs.

Results

Among the 11,248 device-associated infections reported
during the study period, 58% (6515) were VAP, 23% (2622)
CLABSI, and 19% (2111) CAUTI.

CLABSI and VAP incidence density presented join points with
a significant increase in the second defined segment by the
model, being for CLABSI the period of April 2019 to December
2020 (MPC: 1.9; 95% Cl: 1.1—2.8; P < 0.001) and for VAP the
period of November 2019 to December 2020 (MPC: 2.1; 95% Cl:
1.2—2.9; P < 0.001) (Table I).

Carbapenem-resistant A. baumannii (CRAB) was notified in
7.9% (373/4734) of DAI notifications in 2019 and 12.4% (805/
6514) in 2020. Meanwhile, carbapenem-resistant
K. pneumoniae (CRKP) was reported in 6.4% (304/4734) and
6.4% (420/6514) in both periods. Carbapenem-resistant
P. aeruginosa (CRPA) was reported in 3.3% (157/4734) and
2.6% (167/6514) in 2019 and 2020 respectively.

According to the trend analysis, the monthly incidence
density of CRAB per 1000 patient-days (Figure 1A) increased

Table |

significantly after April 2020 (MPC: 14.2; 95% Cl: 10.1—18.5;
P < 0.001), while CRKP per 1000 patient-days showed a gradual
increase during the entire observed period, but with no change
in trend (MPC: 2.4; 95% Cl: 0.7—4.1; P = 0.008). And for CRPA
incidence density per 1000 patient-days, there was no sig-
nificant change in the study period.

Interestingly, some antimicrobials revealed an increasing
trend in consumption in DDD per 1000 patient-days. Polymyxin
B increased in the period from July to December 2020 (MPC:
17.5; 95% Cl: 4.6—31.9; P = 0.009), as did colistin from April
2020 (MPC: 30.7; 95% Cl: 17.8—44.9; P < 0.001); however, this
increase did not correlate significantly with the incidence
density of infections caused by CR-GNB. On the other hand,
other antimicrobials showed a reduction in consumption — for
example, cefepime and ceftazidime (Table I).

Figure 1A—C shows a Joinpoint regression of the shift in
trend in the incidence density of CRAB per 1000 patient-days,
VAP per 1000 mv-days and polymyxin B in DDD per 1000
patient-days, following the curve of incidence density of new
COVID-19 cases per 1000 patient-days reported per month in
patients admitted to the AICU in the state of Parana (Figure 1D).

To investigate the possible relationship between the
increased incidence density of CRAB and related factors,
Spearman’s correlation analysis was performed. By this test
there was a strong positive correlation between CRAB and
COVID-19 (r? = 0. 760; P < 0. 001), and moderate correlation

Joinpoint regression for DAl indicators, CR-GNB incidence density per 1000 patient-days and antibiotic consumption in DDD per 1000

patient-days in AICU, Parana, Brazil, 2019—2020

Variable Period

CLABSI/1000 cl-days Jan 2019—Apr 2019
Apr 2019—Dec 2020
Jan 2019—Nov 2019
Nov 2019—Dec 2020

PAV/1000 mv-days

CAUTI/1000 uc-days
CRAB/1000 pt-days
CRKP/1000 pt-days
CRPA/1000 pt-days
PMB/1000 pt-days
COL/1000 pt-days
MEM/1000 pt-days
PTZ/1000 pt-days
CPM/1000 pt-days
CAZ/1000 pt-days

CIP/1000 pt-days
LVX (P)/1000 pt-days

Jan 2019—Sep 2019
Sep 2019—Dec 2020
Jan 2019—Apr 2020
Apr 2020—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Jul 2020

Jul 2020—Dec 2020

Jan 2019—Apr 2020
Apr 2020—Dec 2020
Jan 2019—Nov 2019
Nov 2019—Aug 2020
Aug 2020—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Nov 2019
Nov 2019—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Dec 2020
Jan 2019—Dec 2020

MOX (P)/1000 pt-days

MPC Joinpoint 95% Cl P-value
—15.5 1 —28.7, 0.1 0.051
1.9 1.1, 2.8 <0.001
—1.8 1 -3.2, 0.3 0.019
2.1 1.2,2.9 <0.001
—-2.8 1 —7.1,1.7 0.209
1.3 -0.3, 3.0 0.115
1.1 1 —-1.0, 3.4 0.286
14.2 10.1, 18.5 <0.001
2.4 0 0.7, 4.1 0.008
0.5 0 —1.0, 2.1 0.478
—1.6 1 —4.2,1.0 0.200
17.5 4.6, 31.9 0.009
3.1 1 —9.8, 4.0 0.362
30.7 17.8, 44.9 <0.001
1.8 2 4.5,1.5 0.155
—4.7 -8.2, —1.0 0.015
10.2 0.3, 21.1 0.043
—-0.2 0 -0.8, 0.4 0.496
—-2.5 0 —3.4, 1.5 <0.001
3.9 1 —0.3, 8.2 0.067
—6.4 -9.1, 3.6 <0.001
—-2.5 0 -3.5, —1.5 <0.001
2.0 0 0.1, 3.8 0.038
—0.4 0 —-2.5,1.8 0.728

AICU, adult intensive care unit; CAUTI, catheter-associated urinary tract infection; CAZ (ceftazidime); CIP, ciprofloxacin; cl, central line; CLABSI,
central line-associated bloodstream infection; COL, colistin; CPM, cefepime; CRAB, carbapenem-resistant A. baumannii; CR-GNB, carbapenem-
resistant Gram-negative bacteria; CRKP, carbapenem-resistant K. pneumoniae; CRPA, carbapenem-resistant P. aeruginosa; DAls, device-
associated infections; DDD, defined daily dose; LVX, levofloxacin; MEM, meropenem; MOX, moxifloxacin; MPC, monthly percent change; mv,
mechanical ventilation; (P), parenteral; PMB, polymyxin B; pt, patient; PTZ, piperacillin/tazobactam; uc, urinary catheter; VAP, ventilator-

associated pneumonia.
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Figure 1. Trend analysis for incidence density of CRAB, VAP, and PolyB consumption in DDD per 1000 patient-days concerning COVID-19 cases in AICU, Parana, Brazil, 2019—2020.
(A) Trend analysis for CRAB per 1000 patient-days (April 2020 to December 2020: MPC: 14.2; 95% Cl: 10.1—18.5; P < 0.001). (B) Trend analysis for PolyB DDD per 1000 patient-days
(July 2020 to December 2020: MPC: 17.5; 95% Cl: 4.6—31.9; P = 0.009). (C) Trend analysis for VAP/1000 mv-days (November 2019 to December 2020: MPC: 2.1; 95% Cl: 1.2—-2.9;
P < 0.001). (D) Confirmed COVID-19 cases per 1000 patient-days in AICU. AICU, adult intensive care unit; CRAB, carbapenem-resistant A. baumannii; Cl, confidence interval; DDD,
defined daily dose; PolyB, polymyxin B; MPC, monthly percent change; VAP, ventilator-associated pneumonia; pt, patient.

9

Lb—€¥ (2207) 0Z) uoidafu] |p31dsoH fo jpuinor / *|b 38 SbiQ 13SS3H OYIDAID) 3P "W'A



V.M. de Carvalho Hessel Dias et al. / Journal of Hospital Infection 120 (2022) 43—47 47

for VAP (r = 0.517; P = 0.010) and CLABSI (r> = 0.569;
P = 0.004), but no correlation was detected with polymyxin B
and colistin consumption (r? = 0.128; P = 0.552 and r* = 0.372;
P =0.073). On the other hand, there was a negative correlation
with cefepime consumption (r* = —0.609; P = 0.002).

Discussion

One of the main findings of our study is that the incidence
density of A. baumannii per 1000 patient-days increased sig-
nificantly in 2020, and this finding had a strong positive corre-
lation with the incidence density of COVID-19 and moderate
correlation for VAP, and CLABSI. The incidence density of CRKP
per 1000 patient-days showed a gradual increase during the
entire observed period, but with no change in trend.

Our results possibly signal persistent clonal spread of CRAB
with significant trend change after the COVID-19 pandemic [8].
CRKP also showed a slight increase during the study period, but
gradually, with no change of trend detected, which may also be
related to clonal dissemination [9]. Violation of infection
control protocols — favoured by the increased workload and
reduced availability of healthcare workers during the pan-
demic — combined with institutional inability to sustain pre-
vention and control measures may have contributed to this
finding [5].

Increased consumption of polymyxins was observed in 2020,
although it showed no significant correlation with CRAB or
COVID-19 incidence density by Spearman test. This finding may
be related to the increase in empiric prescribing of this anti-
microbial, presumably driven by the increase in CRAB infec-
tions, increasing the expectation that patients would have
CRAB. Consequently, there may be increased selection pres-
sure for microbial resistance, in addition to the lack of this
resource on the market forcing the use of suboptimal therapies
for the treatment of these infections [10,11].

Some changes in the pattern of antimicrobial consumption
regarding cefepime, ceftazidime, ciprofloxacin, levofloxacin,
and meropenem (Table I) may not presently be fully clarified as
this study did not include information on customized institu-
tional protocols nor a complete profile of agents causing
hospital-acquired infections in intensive care units.

The limitations of this study lie in the analysis of the pooled
data, the possibility of underreporting, as well as possible
typing and data submission errors. Furthermore, information
on occupancy rates, as well as distribution of exclusive beds
for COVID-19 in the studied ICUs, was not available. There are
also methodological strengths. We used a valid time-series
analysis, instead of the usual ‘before-and-after’ compar-
isons. Also, we chose to use Joinpoint regression, which
identifies moments of trend change (join points), rather than
interrupted time-series analysis, which requires the
researchers to identify the ‘turning point’. This is coherent
with the gradual (though rapid) increase of COVID-19 inci-
dence in the study area.

We believe that our study identifies a marked trend of
change in the resistance profile in DAls as well as in anti-
microbial consumption since the onset of the COVID-19 pan-
demic, which is an alarm for healthcare institutions and
government agencies regarding the need to focus efforts for
investigation and control, especially against a scenario of
scarce resources.
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