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Objective: To investigate the impact of coronavirus disease 2019 (COVID-19) specified preventive and control measures on the
distribution and resistance transition of Pseudomonas aeruginosa (P. aeruginosa) in uninfected hospitalized patients during the
pandemic.

Methods: This retrospective study retrieved data from 316 P. aeruginosa isolates in the year pre-COVID-19 (n=131) pandemic and
the year under COVID-19 specified preventive and control (post-pandemic year, n=185), compared the general characteristics,
laboratory results, and antimicrobial susceptibility tests of P. aeruginosa between the two groups.

Results: Compared with the pre-pandemic year, the isolation rate of P. aeruginosa (14.35% vs 22.31%, P<0.001) increased, while the
rate of drug resistant P. aeruginosa decreased significantly (29.77% vs 19.45%, P<0.001) in the post-pandemic year; Prescription of -
Lactams (30.5% vs 50.0%, P<0.01) also increased significantly. The resistance rates of P. aeruginosa isolates to ceftazidime (P<0.01),
ciprofloxacin (P<0.01), and gentamicin (P<0.001) increased, whereas the resistance rates to piperacillin/tazobactam (P<0.01) and
imipenem (P<0.05) decreased significantly.

Conclusion: The COVID-19 specified preventive and control measures have influenced the distribution and resistance transition of
P aeruginosa, further verifications are needed in future research.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has led to a significant global impact and is a major public health issue.'> The COVID-19 pandemic
has caused a series of public health emergencies worldwide, and antimicrobial resistance (AMR) transition has become
an unforeseen and unavoidable consequence.” In the early stage of the pandemic, healthcare authorities in China
managed to control the pandemic rapidly and effectively by adopting enhanced preventive measures, including designat-
ing specific hospitals to treat and manage patients with COVID-19 and guiding other ordinary hospitals to recruit
systematic specified preventive and control measures (e.g. enhanced environmental cleaning and disinfection).* However,
these measures may also bring about changes in the hospital environment, including affecting the distribution of other
pathogens and AMR from clinical isolates.

Pseudomonas aeruginosa (P. aeruginosa) is a ubiquitous gram-negative bacterium and a leading cause of chronic
respiratory infections in immunocompromised patients, in the hospital environment, P. aeruginosa is a significant
concern due to its ability to cause infections, particularly in vulnerable patients, and its propensity for antibiotic
resistance.” In China, the COVID-19 preventive measures, while primarily aimed at controlling the spread of the SARS-
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CoV-2 virus, could also presented challenges and considerations of antimicrobial resistance, including direct and indirect
impacts on P. aeruginosa drug resistance.® However, the evidence regarding the impact of these measures on the
distribution and resistance transition of P. aeruginosa in uninfected hospitalized patients remains limited.” This study
examines the impact of COVID-19-specific preventive and control measures on the distribution and resistance patterns of
P aeruginosa in hospitalized patients who were not infected with COVID-19.

Materials and Methods

Study Design and Data Source
This retrospective study was performed in the Department of Respiratory and Critical Care Medicine, Affiliated Hospital
of Chengdu University, a general teaching hospital in southwest China. The research period was from the year before the
COVID-19 pandemic (pre pandemic year, January 2019-December 2019) and the first year of regular epidemic
prevention and control (post pandemic year) from May 2020 to April 2021. The time breakpoint of outbreak and control
was set as an announcement of measures for regular COVID-19 epidemic prevention and control by the healthcare
authority in a meeting held on April 30, 2020.°

We included all P. aeruginosa positive patients, and excluded patients with P. aeruginosa negative cultures, non-bacterial
cultures, and patients with incomplete information. The MicroScan Walkaway 40 automatic microbial analysis system was
used for strain identification and antimicrobial susceptibility testing. Data were collected based on hospital laboratory
microbiological data from the WHONET microbiology laboratory database, which compiles identification number, demo-
graphics, specimen type, and antibiotic susceptibility. The analysis was performed under the condition of one isolate per
patient from the same hospitalization period. The quality control strain of P. aeruginosa was ATCC27853. The antimicrobial
susceptibility test results were determined in accordance with the latest CLSI criteria (as applicable each year).

Measures of Variables

The following data were collected from the electronic medical record system: demographic variables: age and sex;
clinical variables: smoking history, main diagnosis (respiratory diseases), main comorbidities (cardiovascular disease,
liver disease, nervous diseases, kidney disease, diabetes mellitus, and cancers), proportion of patients prescribed
antibiotic treatment (intravenous or oral administration) and joint antibiotic treatment (combined administration of at
least two types of antibiotics via intravenous or oral administration), and proportion of patients administered short-term
systemic corticosteroids (intravenous or oral administration) during hospitalization; laboratory variables: leukocyte
count, hypersensitive C-reactive protein (hs-CRP) levels, and antimicrobial susceptibility tests of P. aeruginosa.

Definition
Definition of pre-pandemic and post-pandemic: The pre-pandemic year: the year before the COVID-19 pandemic,
January 01, 2019-December 31, 2019); The post-pandemic year: the post-pandemic year was defined as the year of
regular epidemic prevention and control, at May 01, 2020-April 30, 2021, this time breakpoint of outbreak and control
was settled as an announcement of measures on regular COVID-19 epidemic prevention and control by the healthcare
authority in a meeting held on April 30, 2020. In the post pandemic year, health management authorities adopted
extensive, stringent, and thorough containment measures. The healthcare-associated infection control branch of the
Chinese Preventive Medicine Association (CPMA) and healthcare-associated infection management committee of the
Chinese Hospital Association (CHA) have offered expert consensus to prevent healthcare-associated SARS-COV-2
infection in health care workers.* The hospital recruited systematic specified preventive and control measures under
the guidance of such policies from various aspects of hospital patients, healthcare workers, equipment, material, and
environment, which were obviously different from those in the pre-pandemic year. Regularly, routine cleaning and
disinfection of touched surfaces are performed to ensure that all areas of the environment are regularly cleaned to
a satisfactory standard for COVID-19 prevention.’

Definition of susceptible (S), intermediate (I) and resistant (R): Briefly, a threshold-based assessment of the degree of
drug effectiveness was characterized as follows: S, susceptible; the P. aeruginosa strain is susceptible to a given
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antibiotic when it is inhibited in vitro by a concentration of this drug that is associated with a high likelihood of
therapeutic success. I: intermediate: The P. aeruginosa response to a given antibiotic is intermediate when inhibited
in vitro by a concentration of this drug that is associated with an uncertain therapeutic effect. R: resistant; the
P aeruginosa strain is resistant to a given antibiotic when inhibited in vitro by a concentration of this drug that is

associated with a high likelihood of therapeutic failure.'"

Data Analysis

Continuous variables were presented as means with standard deviations for normally distributed variables and as medians
(interquartile range [IQR]) for non-normally distributed variables. For categorical variables, data are presented as
percentages. Student’s #-test was used to compare continuous parametric variables, while the Mann—Whitney-U test
was used to compare continuous non-parametric variables. The chi-square test and Fisher’s exact test were used to

compare categorical data. Statistical significance was set at P <0.05.

Results

General Characteristics

After removing repeated samples from the same patients during the same hospitalization period, 913 bacterial strains
from 5386 valid samples were obtained, and 131 P aeruginosa positive patients were included in the pre-pandemic
period, 829 bacterial strains from 3622 valid samples were obtained, and 185 P. aeruginosa positive patients were
included in the post-pandemic period. The distribution of specimens in valid samples is listed in Supplemental Table 1, as

compared to the pre-pandemic year, the rate of blood samples significantly decreased (15.83% vs 11.68%, P=0.006),
while that of urine samples increased significantly (3.88% vs 6.74%, P<0.001) in the post-pandemic year. The distribu-

tion of pathogens of bacterial strains is listed in Supplemental Table 2, the isolate rate of P. aeruginosa increased

significantly during the post-pandemic period (14.35% vs 22.31%, P<0.001). Table 1 shows the demographics, main
diagnosis of respiratory diseases, comorbidities, laboratories, clinical symptoms and signs, the following indicators were
significantly different between patients from the pre-pandemic year and post-pandemic year: laboratories: leukocyte
(P<0.001), eosinophils (P<0.001), neutrophils (P<0.001), and lymphocytes (P<0.001), basophils (P<0.001) and hs-CRP
levels (P<0.01).

Table | Characteristics of P. aeruginosa Positive Patients in Pre- and Post-Pandemic Periods

Variables Pre-Pandemic (n = 131) | Post-Pandemic (n = 185)

Demographics

Age (year) 75.849.7 76.219.2
Gender (Male n/%) 99 (75.6) 154 (83.2)
Smoke (Yes, n/%) 68 (51.9) 63 (48.1)
Give up smoke (n/%) 51 (75) 93 (84.5)

Main diagnosis of respiratory diseases

CAP 109 (83.2) 157 (84.9)
COPD 82 (62.6) 129 (69.7)
Asthma 5(3.8) 5(27)
Interstitial lung disease 6 (4.6) 9 (4.9)
(Continued)
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Table | (Continued).

Variables

Pre-Pandemic (n = 131)

Post-Pandemic (n = 185)

Comorbidities

Cardiovascular disease n (%) 90 (28.8) 120 (30.7)

Liver disease n (%) 13 (9.9) 14 (7.6)

Nervous diseases n (%) 13 (4.2) 20 (5.1)

Kidney disease n (%) 13 (9.9) 29 (15.7)

Diabetes mellitus n (%) 44 (14.1) 63 (l6.1)

Cancers n (%) 8(2.6) 5 (1.3)
Laboratories

Leukocytes (10°/L) 5.75 (4.7, 7.0) 7.29 (5.6, 9.7)*+*

Eosinophils (10°/L) 0.20 (0.15, 0.31) 0.05(0.01, 0.08)***

Neutrophils (10°/L) 3.72(2.9, 4.8) 5.38 (4.0, 8.1)***

Lymphocytes (10%/L) 1.13(0.9, 1.6) 0.99 (0.7, |.4y***

Monocytes (10%/L) 0.41(0.3, 0.6) 0.5(0.3, 0.6)

Basophils (10°/L)

0.04(0.02, 0.05)

0.02(0.01, 0.04y*+*

Platelets (10°/L) 149(113, 192) 147(113, 191)
Hemoglobin (g/L) 130(119, 143) 130(120, 142)
Hs-CRP (mg/L) 11.7(4.2, 30.9) 22.8(6.1, 73.1)**
Clinical symptoms and signs
Temperature (>37.3°C, n (%)) 17 (12.98) 15 8.11)
Respiration (>20 per min) 78 (59.5) 116 (62.7)
Blood pressure (>140/80 mmHg) 14 (10.7) 18 (9.7%)
Cough 108 (82.4) 163 (88.1)
Dyspnea 48 (36.6) 76 (41.1)
Sputum production 76 (58.0) 112 (60.5)
Chest distress 22 (16.8) 33 (17.8)
Fatigue 43 (32.8) 59 (31.9)
Poor sleep 39 (29.8) 52 (28.1)

Notes: Pre-pandemic year: January 0l, 2019-December 31, 2019; post-pandemic year: May |, 2020-April 30, 2021.

**P<0.01,**P<0.001.

Abbreviations: CAP, community acquired pneumonia; COPD, chronic obstructive pulmonary disease; Hs-CRP, high-

sensitivity C-reactive protein.

Resistance Transition of P. aeruginosa

According the summary of prescription of antibiotics by types, the prescription of f-Lactams (30.5% vs 50.0%, OR=2.275,
95% confidence interval: 1.421-3.463. P<0.01) increased significantly in the post-pandemic years (Table 2 and Figure 1). The
distribution of specimens in P. aeruginosa isolates is listed in Supplemental Table 3, compared to the pre-pandemic period, the
rate of drug resistant P. aeruginosa decreased significantly from (39 (29.77%) vs 36 (19.45%), P<0.001) in the post-pandemic
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Table 2 Summary of Antimicrobic Administrations in P. aeruginosa Positive

Patients
Variables Pre-Pandemic (n = 131) | Post-Pandemic (n = 185)
P-Lactams n (%) 40 (30.5) 92 (50.0)**
CHBLs n (%) | (0.8) 3 (l.6)
Amino n (%) Il (8.4) 29 (15.8)
Quinolones n (%) 34 (26.0) 53 (28.8)
Macrolides n (%) | (0.8) 6 (3.3)
Lincomycin n (%) 0 (0.0) 1 (0.5)
Short-term steroids n (%) | 39 (30.0) 64 (35.2)

Notes: Pre-pandemic year: January 01, 2019-December 31, 2019; post-pandemic year: May |, 2020-April
30, 2021. *+P<0.01.
Abbreviation: CHBLs, carbapenemases.

period. The resistance of resistant P. aeruginosa profiles are shown in Table 3, the resistant rates of P. aeruginosa isolates to
ceftazidime (P<0.01), ciprofloxacin (P<0.01), and gentamicin (P<0.001) increased, whereas the resistance rates to piper-
acillin/tazobactam (P<0.01) and imipenem (P<0.05) decreased significantly.

Discussion
In recent years, the spread of P aeruginosa worldwide has become a public health threat.'> By comparing clinical isolates
during the pandemic year to the time before, this study examined the changes of isolation rate and resistance transition of
P aeruginosa in SARS-CoV-2-uninfected hospitalized patients in respiratory ward under COVID-19 specified preventive and
control measures. P. aeruginosa is the secondary causative pathogen of infections in COVID-19 patients,'* and was ranked
fourth in the strain distribution of major clinical isolates in 2020 in another study in China.'* In this study, the isolation rate of
P, aeruginosa in uninfected patients, which ranked third (14.35% among 913 bacterial isolates) in the pre-pandemic year, was
the leading pathogen among the 829 bacterial isolates (22.31%) in the post-pandemic year, consistent with a previous study, in
that study, an increasing trend of P. aeruginosa isolates was observed.’

The pandemic has been reported to influence the use of antimicrobials and antimicrobial resistance in COVID patients
co-infected with P. aeruginosa.'® In this study, the resistant rates of P. aeruginosa significantly increased to ceftazidime,

Odds ratio

R T et
25.0 -~
20.0 A
15.0 -
10.0 A
50 4

Figure | Odds ratio of a patient receive antimicrobial administration (by types) in the post-pandemic year (vs the pre-pandemic year); **P<0.01.
Abbreviation: CHBLs, carbapenemases.
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Table 3 Transition of Antimicrobial Resistance of P. aeruginosa

Antibiotics Pre-Pandemic (n = 131) Post-Pandemic (n = 185)

R (n, %)* I (n, %) S (n, %) R (n, %) 1(n, %) S (n, %)
Piperacillin/tazobactam 18 (13.74) 12 (9.16) 9 (6.87) 23 (12.43) 2 (1.08) I (5.95)%
Ceftazidime 16 (12.21) 9 (6.87) 14 (10.69) 24 (12.97) | (0.54) I (5.95)%
Levofloxacin 14 (10.69) 4 (3.05) 21 (16.03) 5 (2.70) 5 (2.70) 26 (14.05)*
Amikacin 3 (2.29) 4 (3.05) 34 (25.95) 2 (1.08) I (0.54) 33 (17.84)
Aztreonam 21 (16.03) 3 (2.29) 5 (3.82) 22 (11.89) 5 (2.70) 9 (4.86)
Imipenem 35 (26.72) 1 (0.76) 3 (2.29) 27 (14.59) 0 (0.00) 9 (4.86)*
Meropenem 32 (24.43) 1 (0.76) 6 (4.58) 22 (11.89) 5 (2.70) 9 (4.86)
Ciprofloxacin 13 (9.92) 8 (6.11) 18 (13.74) 9 (4.86) 0 (0.00) 27 (14.59)%
Gentamicin 7 (5.34) 14 (10.69) 28 (21.37) | (0.54) 4(216) 31 (16.76)
Tobramycin 4 (3.05) 0 (0.00) 35 (26.72) 6 (3.24) 0 (0.00) 30 (16.22)
Cefepime 13 (9.92) 3(229) 18 (13.74) 19 (10.27) 6 (3.24) I (5.95)

Notes: S: susceptible, P. aeruginosa strain is said to be susceptible to a given antibiotic when inhibited in vitro by a concentration of this drug that is associated
with a high likelihood of therapeutic success. |: intermediate: The sensitivity of a P. aeruginosa strain to a given antibiotic is said to be intermediate when it is
inhibited in vitro by a concentration of this drug that is associated with an uncertain therapeutic effect. R: resistant; the P. aeruginosa strain is said to be
resistant to a given antibiotic when inhibited in vitro by a concentration of this drug that is associated with a high likelihood of therapeutic failure. Pre-
pandemic year: January 0l, 2019-December 31, 2019; post-pandemic year: May |, 2020-April 30, 2021. %: percentage in all P. aeruginosa isolates; *P<0.05,
**P<0.01, ¥*P<0.001.

ciprofloxacin, and gentamicin, in contrast, resistant rates decreased significantly to piperacillin/tazobactam and imipe-
nem. As reported by Gysin et al,'” drug resistance in P. aeruginosa isolates was high for piperacillin/tazobactam,
cefepime, ceftazidime and meropenem, since the evidence specifically examining changes in P. aeruginosa resistance
among uninfected patients under these conditions are limited, the diversity of resistance to P. aeruginosa may varied in
clinical settings, practice patterns, further research is warranted to quantify this phenomenon.

The COVID-19 pandemic has profound effects on the presentation of antibiotic prescription.'® A reported 72% of
COVID-19 patients in hospitals received antimicrobial agents, even though only 8% had bacterial or fungal co-
infections.!” In this study, the summary of antibiotic use showed an increasing trend in S-Lactams prescription
(OR=2.275), which was in accordance with a previous study that reported an increased trend of resistance of
P, aeruginosa to antibiotics due to inappropriate use of antibiotics.'®

According to the WHO released list of antibiotic-resistant pathogens, P. aeruginosa was included in the “critical”
category among a catalog of 12 families of “priority pathogens™ that pose the greatest threat to human health.'® The
change of isolation rate and transition of P. aeruginosa in this study showed that resistance might be associated with the
change in hospitalization in the respiratory department forced by agency-regulated epidemic prevention and control
measures in the post-pandemic period, these findings are important for understanding the current situation of resistance
trends of uninfected patients, as well as for establishing better guidelines for preventing the dissemination of antimicro-
bial resistance. In addition, the implementation of infection prevention and control measures has the potential to become
a double-edged sword with improper use of antibiotics, causing short-term changes in pathogens and drug resistance.?’
These findings also advocate the need for adequate changes in antimicrobial stewardship implemented by health
authorities, as well as appropriate prescription and optimal utilization of antimicrobials by physicians in future clinical
practice.

This study has several limitations. First, this is a single-center retrospective study with limited data sources and small
samples; thus, the analytical results need to be further verified by multicenter and large-scale research. Second, given the
special situation in the pandemic, we collected information of P. aeruginosa isolates in two periods, besides the temporal
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changes caused by preventive and protective measures, resistance transition of P. aeruginosa may be influenced by other
unknown factors such as different P. aeruginosa variants, patient-specified clinical interventions, varied public health
dynamics. Third, given the retrospective nature, the high-risk clones can be found in hospitals but may not identified in
this study, there is a need to expand the surveillance with whole genome analyses to investigate determinants and
evolution of the pathogen.

Conclusion
The COVID-19 specified preventive and control measures have influenced the distribution and resistance transition of
P aeruginosa, further verifications are needed in future research.
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