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ear editor, 

Concerns are being raised about whether the long-standing 

oronavirus disease 2019 (COVID-19) pandemic will increase the 

urden of multidrug-resistant organisms (MDROs). 1 The healthcare 

ractices may have been disrupted and overloaded owing to the 

ack and exhaustion of frontline healthcare workers (HCWs), par- 

icularly during the COVID-19 crisis. 2 This situation could cause the 

veruse of antibiotics and inappropriate environmental manage- 

ent, given the move away from priorities of antimicrobial stew- 

rdship programs (ASP) and contact precautions. 3 On the contrary, 

nprecedentedly strict implementation of non-pharmacological in- 

erventions (NPIs) may help reduce the intra-hospital spread of 

DROs through excellent hand hygiene and the use of personal 

rotection equipment. The inconsistent results from previous stud- 

es, which were conducted in the early stages of the COVID-19 pan- 

emic and included relatively short observation periods, 3–7 war- 

ant close monitoring of the epidemiology trends of MDROs in var- 

ous. We aimed to investigate the changing trends in new case and 

acteremia with MDROs before and after the COVID-19 pandemic 

n South Korea, where the frequency of MDROs is high. 8 

This multicenter retrospective cohort study included six medi- 

al university-affiliated hospitals that were located in three differ- 

nt provinces of South Korea. We collected the monthly numbers 

f new case (first identification in clinical specimens or stool) and 

rst bacteremia of extensively drug-resistant Acinetobacter bau- 

anii (XDR-ABA), difficult-to-treat Pseudomonas aeruginosa (DTR- 

AE), vancomycin-resistant Enterococci (VRE), and carbapenem- 

esistant Enterobacterales (CRE) as well as numbers of stool ex- 

minations for VRE and CRE between January 2012 and Decem- 

er 2021. The VRE or CRE stool tests were categorized into two 

inds of data: (1) total negative results, best reflecting the efforts 

o detect VRE and CRE, and (2) first examination after hospitaliza- 

ion, including positive and negative results (except for the stool 

ests performed after VRE or CRE was detected in a clinical sam- 

le), which would represent the active surveillance performance 

ppropriately. We divided the case of MDROs into pre- and post- 

OVID-19 periods, using the cutoff date of January 2020. The study 

as approved by the local Institutional Review Board from each 

ospital with the waiver of the informed consent (YUHS:3–2022–

176, KUAM:2022AN0027, KNUH:2022–01–002, and HUCH:2022–

1–016). 

Isolates were categorized as XDR when they showed non- 

usceptibility to ≥1 antimicrobial agent in all but ≤2 antimicro- 
ttps://doi.org/10.1016/j.jinf.2022.09.026 
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ial categories. Isolate were categorized as DTR when there was no 

usceptibility to the antimicrobial categories of carbapenems, an- 

ipseudomonal β-lactams, and fluoroquinolones. We included CRE 

solates that were not susceptible to any carbapenem, regardless of 

arbapenemase-producing strains (CPE). 9 

We applied the Bayesian structural time series (BSTS) model, 

hich is the state-space analysis proposed by Google, Inc., 10 

sing the R-language (version 4.1.3). The BSTS model can de- 

ermine the causalities and regression of an intervention us- 

ng its counterfactual prediction function by artificial control of 

hat would have taken place had the intervention not occurred 

nd the observed data. 10 We expressed the relative ([observed–

redicted]/predicted × 100) causal effects as percentages and 95% 

redible prediction intervals (CIs). The autoregressive integrated 

oving average (ARIMA) model was adjusted for the stool exami- 

ations in VRE or CRE using SAS (version 9.4) to minimize the im- 

act of test numbers on the new case. A two-tailed p- value < 0 ·05

as considered statistically significant. 

The BSTS models revealed that both new case and first 

acteremia of XDR-ABA (relative effects; 47% [95% CI:19–79%], 

 = 0.003 and 150% [93–211%], p = 0.001, respectively) and DTR- 

AE (41% [17–67%], p = 0.002 and 103% [65–145%], p = 0.001, re- 

pectively) had significantly increased in the post-COVID period. 

n addition, the observed values of VRE were significantly higher 

han the predicted values after the COVID-19 pandemic for both 

ew case (10% [3–17%], p = 0.007) and first bacteremia (65% [48–

3%], p = 0.001). The first CRE bacteremia numbers also showed 

 significant increase in the post-COVID-19 era (106% [78–135%], 

 = 0.001). However, the observed data for new case of total CRE 

 p = 0.056) did not differ from the predicted values ( Table 1 and

ig. 1 ). After adjustment for stool test numbers, which were de- 

reased in the post-COVID-19 period, the new case (32% in model 

 adjusted for total negative and first examination) and first bac- 

eremia (12%) of VRE showed a significant increase compared to 

he predicted values (all p < 0.001). The reduction in stool exam- 

nations did not affect the number of first bacteremia of CRE (4%, 

 = 0.025) ( Table 2 ). 

Two recent studies presented the protective effect of the 

OVID-19 pandemic against extended-spectrum β-lactamase- 

roducing E. coli isolates and CPE using data until December 2020 

n France. 4 , 6 The authors attributed these results to the decrease 

n antibiotic usage or testing of urine samples and hospital vis- 

ts due to the overall lockdown as well as increased implemen- 

ation of NPIs. 4 , 6 It seems unclear whether these beneficial ef- 

ects would extend beyond developed countries or after a period 

f well-executed strong national policies mitigating COVID-19 and 

eyond β-lactamase-producing MDROs because other studies have 

eported conflicting results. 3 , 7 
eserved. 

https://doi.org/10.1016/j.jinf.2022.09.026
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
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Fig. 1. Changes in numbers of new case and first bacteremia patients of several MDROs before and after the COVID-19 pandemic evaluated by the Bayesian structural time 

series model (A) New case (B) First bacteremia. 1 

t

t

l

a

i

1 The vertical dotted lines in all graphs represent January 2020, the beginning of 

he COVID-19 pandemic. The straight and dotted lines in the original panels indicate 

he observed and predicted values using the BSTS model, respectively. The dotted 

ines in the pointwise impact panels indicate the differences between the observed 

nd predicted values, which are called residuals. The dotted lines in the cumulative 

mpact panels represent the accumulated residuals. 

2 
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Fig. 1. Continued 

M

i

w

a

C

o

P

d

t

S

(

v

a

r

T

M

c

H

Our study showed that the occurrence of the most problematic 

DROs had increased after the COVID-19 pandemic, especially 

n case of bacteremia. Surprisingly, the MDR-ABA and DTR-PAE, 

hich had been steadily decreasing before the pandemic, showed 

n increasing trend in both new case and first bacteremia after 

OVID-19 (Figs. S1 and S2). Our results are similar to the trends 

f national data from the Korea Centers for Disease Control and 

revention. The total number of CRE infections and colonization, 

esignated as a legal infectious disease in June 2017 and converted 

o a surveillance system with mandatory reporting within 24 h in 
3 
outh Korea, significantly increased since the COVID-19 pandemic 

Fig. S3). 

As a limitation, we did not quantify the performance rate of 

arious elements of NPIs and ASP as well as an overload of HCWs 

t several hospitals. As the duration of the pandemic increases, the 

ate of implementation of initially strong policies would decrease. 

aken together, our findings are concerning because the effects of 

DROs on global health are critical, and it is difficult and time- 

onsuming to reduce the resistance to the same levels as before. 

ence, we need to actively and continuously monitor the increase 
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Table 1 

Changes in new case and first bacteremia with MDROs during the pre- and post-COVID pandemic using the Bayesian structural time series model. 

MDROs Variables COVID-19 pandemic 

Before (2012 ∼2019) After (2020 ∼2021) 

Observed (N) Observed (N) Predicted (N) Absolute effect (N) Relative effect (%) p -value 

VRE New case 

Total 54.9 86.0 78.2 (72.3–84 ·1) 7.7 (2.4–13.6) 10 (3–17) 0.007 

VR- E. faecium 24.5 54.0 33.7 (28.9–38 ·3) 20.3 (16.2–24.8) 60 (48–73) 0.001 

New bacteremia 

Total 12.2 23.5 14.3 (12.2–16 ·9) 9.2 (6.8–11.8) 65 (48–83) 0.001 

VR- E. faecium 9.5 18.8 11.4 (9.2–13 ·0) 7.4 (5.3–9.6) 64 (46–84) 0.001 

CRE New case 

Total 57.9 74.3 67.2 (58.1–75 ·9) 7.2 ( −1.5–16.6) 11 ( −2–25) 0.056 

CR- Klebsiella spp. 36.4 51.6 49.7 (42.7–56 ·2) 1.9 ( −4.6–9.1) 4 ( −9–18) 0.301 

CR- E. coli 14.5 16.0 14.0 (11.1–17 ·3) 2.0 ( −0.7–4.8) 14 ( −5–35) 0.073 

New bacteremia 

Total 10.2 15.4 7.5 (5.3–9 ·5) 7.9 (5.8–10.1) 106 (78–135) 0.001 

CR- Klebsiella spp. 5.2 10.0 4.7 (3.2–6 ·1) 5.2 (3.8–6.8) 111 (81–143) 0.001 

CR- E. coli 3.9 3.8 2.4 (1.4–3 ·4) 1.4 (0.5–2.5) 59 (19–102) 0.005 

XDR-ABA New case 64.7 52.8 35.8 (24.8–46 ·4) 17.0 (6.7–28.2) 47 (19–79) 0.003 

New bacteremia 9.1 8.5 3.4 (1.3–5 ·3) 5.1 (3.2–7.1) 150 (93–211) 0.001 

DTR-PAE New case 46.3 45.9 32.7 (23 ·8–41.2) 13.3 (5.4–21.8) 41 (17–67) 0.002 

New bacteremia 4.0 5.5 2.7 (1.6–3.7) 2.8 (1.8–3.9) 103 (65–145) 0.001 

Data are expressed as numbers or numbers (95% credible prediction intervals). 

Table 2 

Multivariable analyses adjusted by numbers of VRE or CRE stool tests in the autoregressive integrated moving average (ARIMA) model. 

MDROs Variables Model 1 Model 2 Model 3 

Estimate (SE) p -value Estimate (SE) p -value Estimate (SE) p -value 

VRE New case 

Total 29.85 (7.24) < 0.001 32.36 (5.50) < 0.001 31.76 (5.45) < 0.001 

VR- E. faecium 25.43 (4.72) < 0.001 24.45 (4.76) < 0.001 25.06 (4.89) < 0.001 

New bacteremia 

Total 11.98 (2.07) < 0.001 11.88 (2.01) < 0.001 11.97 (2.06) < 0.001 

VR- E. faecium 9.83 (1.75) < 0.001 9.84 (1.69) < 0.001 9.81 (1.71) < 0.001 

CRE New case 

Total 12.39 (7.44) 0.099 12.40 (7.53) 0.103 12.53 (7.67) 0.106 

CR- Klebsiella spp. 18.73 (10.34) 0.074 18.93 (5.50) < 0.001 15.77 (7.02) 0.027 

CR- E. coli 0.92 (1.66) 0.582 0.96 (1.63) 0.558 0.98 (1.63) 0.549 

New bacteremia 

Total 4.51 (1.93) 0.022 4.51 (1.93) 0.022 4.45 (1.96) 0.025 

CR- Klebsiella spp. 4.51 (1.45) 0.002 4.52 (1.44) 0.002 4.52 (1.45) 0.003 

CR- E. coli 0.15 (0.61) 0.803 0.15 (0.62) 0.813 0.15 (0.62) 0.809 

The estimate (standard error) is expressed as a percentage. Model 1: adjusted for total negative results of stool VRE or CRE tests (category 1); model 2: adjusted for total 

stool VRE or CRE tests performed as the first examination after admission (category 2); model 3: adjusted for categories 1 and 2. 
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n infections with MDROs as well as occurrence of new resistance 

n various regions. 
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Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.jinf.2022.09.026 . 
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