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Purpose: During the coronavirus disease 2019 (COVID-19) pandemic, several ~ Received: 4 August, 2022

studies reported changes in the distribution of microorganisms that cause major ~ Revised: 19 August, 2022
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legal, respiratory, and gastrointestinal infectious diseases and increases in the

antimicrobial resistance rates in Korea. On the other hand, there has been little

domestic research on the causative organism of urinary tract infection (UTI). This

study investigated the influence of the COVID-19 pandemic on the distribution

of causative organisms and the antimicrobial resistance rate in UTI.

Materials and Methods: This study analyzed 17,201 urine cultures retrospectively

from patients who visited Chung-Ang University Hospital from January 2018 to

December 2021. Tests were then conducted to determine if there was a significant

difference between the data for the eight quarters of the pre-COVID-19 period

(January 2018 to December 2019) and the data for the eight quarters

post-COVID-19 period (January 2020 to December 2021).

Results: Escherichia coli was the most common causative organism in all periods,

but it decreased in the post-COVID-19 period. Enterococcus faecalis increased in

the post-COVID-19 period. The ciprofloxacin resistance rate of E. coli and Klebsiella

pneumoniae increased, but the ciprofloxacin and levofloxacin resistance rate of E.

faecalis decreased.

Conclusions: There was little difference in the causative organism distribution of

UTI and antimicrobial resistance rates before and after the COVID-19 pandemic.

On the other hand, changes in some causative organisms are identified.

Nevertheless, because this study was limited to a single medical institute, data from

a broader spectrum of bacterial species collected from multiple institutions will be

needed to obtain definitive results.
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Table 1. Distribution of causative organisms of urinary tract infections
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4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q

Organism 2018 2019

1Q 2Q 3Q 4Q 1Q 2Q
Escherichiacoli 54 54 52 52 49 46
Klebsiella pneumoniae 10 8 7 N 9 11
Acinetobacter baumannii 1 2 3 1 1 1
Pseudomonas aeruginosa 3 3 6 7 4 4
Staphylococcusaureus 1 2 1 1 2 2
Enterococcus faecalis 8 7 6 5 9 10
Enterococcus faecium 9 8 9 8 9 10
Others 14 16 17 14 17 15
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E. coli

p<0.001
56 -
54 54
54

5 52 52

501 49 49
48
46
46 1 45 45 45
44 44 44 44 44
44 - 43
42 T T T T T T T
O—O—O—O-O-O-O—O—O—O—O—O—O—O—O—O—
I N NN N
A A A A M I I A N A A I a2
4D 4D 4D DT AT AT 4D 4D 4DV D A (D (DY OV OV S
Quarter

Distribution rate (%)

Fig. 1. Change in the distribution rate of Escherichia coli.
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Fig. 2. Change in the distribution rate of Enterococcus faecalis.
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Table 2. Antimicrobial resistance rate of urinary tract infections

Antimicrobial resistance rate (%)

Organism Antibiotics 2018 2019 2020 2021
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
Escherichia coli Amikacin 0 1 0 1 1 0 0 0 0 0 0 0 1 0 1 0
Amoxicillin/CA 10 10 9 13 12 12 11 10 11 8 13 8 9 9 11 9
Ampicillin 74 68 68 76 72 73 69 68 74 69 75 73 71 71 69 68
Aztreonam 35 31 30 38 36 39 35 38 36 33 35 37 35 37 33 31
Cefazolin 39 35 36 43 40 42 39 40 38 35 39 39 38 38 36 35
Cefepime 34 31 30 38 36 38 35 37 36 32 34 36 34 37 32 31
Cefotaxime 35 32 31 40 37 39 36 39 37 34 36 38 36 38 34 32
Cefoxitin 9 8 8 10 10 9 7 8 10 9 9 6 9 8 7 6
Ceftazidime 35 32 31 39 38 40 37 40 37 33 36 38 36 38 34 32
Ciprofloxacin 53 47 46 50 47 51 46 51 52 56 52 54 56 54 57 54
ESBL 34 31 30 38 36 38 35 38 36 33 34 37 34 37 32 31
Ertapenem 0 0 0 0 0 1 0 0 0 0 1 0 1 0 1 0
Gentamicin 30 28 29 33 25 27 27 28 30 27 32 28 30 25 28 25
Imipenem 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
Piperacillin/ 3 2 2 3 3 4 2 1 2 2 3 2 3 1 3 2
Tazobactam
Tigecycline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethoprim/ 38 37 36 45 36 39 40 40 42 38 40 4 41 38 37 36
Sulfa
Klebsiella pneumoniae  Amikacin 0 2 0 7 5 4 2 2 0 0 0 0 1 1 0 0
Amoxicillin/CA 32 23 14 32 23 27 24 31 28 16 31 17 33 15 33 37
Ampicillin 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Aztreonam 53 45 43 49 36 51 58 61 60 64 60 46 60 47 59 62
Cefazolin 53 49 46 52 40 52 61 63 61 64 61 47 63 49 62 62
Cefepime 53 43 43 49 36 51 58 60 60 64 60 45 60 47 59 62
Cefotaxime 53 46 43 49 36 52 58 61 60 64 60 46 61 48 60 62
Cefoxitin 16 21 6 22 12 19 18 29 19 12 18 11 19 12 23 23
Ceftazidime 53 46 43 49 37 51 58 62 60 64 60 46 61 48 60 62
Ciprofloxacin 44 50 39 40 37 41 36 51 49 47 54 41 58 56 52 61
ESBL 46 43 43 45 37 43 50 46 48 64 50 38 51 44 40 54
Ertapenem 6 0 0 5 0 9 9 20 16 1 12 6 13 4 19 10
Gentamicin 38 21 22 29 25 27 27 42 41 34 33 28 33 28 36 41
Imipenem 6 0 0 5 0 9 9 19 15 1 11 6 13 4 25 10
Piperacillin/ 29 20 7 28 15 28 17 27 26 18 29 13 27 16 23 27
Tazobactam
Tigecycline 8 12 8 18 10 12 15 23 23 19 27 13 16 18 26 29
Trimethoprim/ 39 43 43 44 28 38 47 55 54 54 53 48 53 40 55 54
Sulfa
Acinetobacter Ampicillin/ 71 86 61 67 27 65 60 75 43 70 93 76 88 83 85 82
baumannii Sulbactam
Aztreonam 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Cefepime 71 100 85 78 73 88 60 75 43 70 93 76 88 83 90 82
Cefotaxime 71 100 82 78 73 88 65 83 43 70 93 76 88 83 90 82
Ceftazidime 71 100 85 78 73 88 65 75 43 70 93 76 88 83 90 82
Ciprofloxacin 71 100 89 78 73 88 70 83 57 70 100 88 88 83 90 91
Colistin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gentamicin 64 76 71 67 55 82 60 58 43 30 47 59 88 74 85 64
Imipenem 71 100 82 78 64 88 60 75 43 70 100 76 92 78 85 82
Meropenem 71 100 82 78 64 88 60 75 43 70 100 76 92 83 85 82
Minocycline 14 43 29 22 9 35 20 17 0 20 7 18 4 0 0 0
Piperacillin 71 100 85 78 73 88 65 75 43 70 93 76 83 83 90 82
Piperacillin/ 71 100 82 83 73 88 60 80 43 70 93 76 92 83 90 91
Tazobactam
Ticarcillin/CA 71 100 82 78 64 88 60 75 43 70 100 76 88 83 85 82
Tigecycline 0 5 7 6 0 6 5 17 0 40 47 24 38 39 40 27
Trimethoprim/ 64 81 68 72 27 76 40 67 57 40 53 76 79 74 90 82
Sulfa
Pseudomonas Ampicillin/ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
aeruginosa Sulbactam
Aztreonam 23 39 33 56 36 32 20 38 40 33 42 40 39 41 33 16
Cefepime 23 39 30 58 11 25 42 44 38 42 33 70 39 51 31 36
Cefotaxime 100 100 100 100 100 100 98 100 100 100 100 100 100 100 100 100
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Table 2. Continued

Antimicrobial resistance rate (%)

Organism Antibiotics 2018 2019 2020 2021
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
Ceftazidime 23 35 28 52 30 27 22 32 36 42 21 60 32 49 29 29
Ciprofloxacin 27 45 33 58 11 32 45 51 47 36 42 72 39 52 38 49
Colistin 0 0 0 0 0 0 0 0 0 0 0 16 6 3 4 0
Gentamicin 27 32 30 57 5 23 38 40 31 31 29 67 35 49 27 31
Imipenem 27 48 46 60 30 32 51 63 43 67 44 79 52 64 27 56
Meropenem 19 40 32 57 28 32 40 61 38 61 29 75 39 61 27 38
Minocycline 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Piperacillin 38 42 35 57 33 27 38 40 38 42 37 70 35 52 29 33
Piperacillin/ 38 47 33 57 32 27 41 41 36 42 29 71 35 49 27 36
Tazobactam
Ticarcillin/CA 38 52 40 59 42 39 48 60 47 44 58 77 48 69 48 40
Tigecycline 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Trimethoprim/ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Sulfa
Enterococcus faecalis Ampicillin 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Ampicillin/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sulbactam
Ciprofloxacin 34 36 21 32 27 20 18 23 16 16 19 14 20 20 22 22
Clindamycin 100 100 100 100 100 99 99 100 100 99 99 100 100 100 100 100
Erythromycin 58 64 56 71 70 63 63 70 57 58 65 54 63 55 53 56
Gentamicin high 49 61 48 54 58 49 54 58 42 50 48 46 41 41 43 50
level
Imipenem 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 1
Levofloxacin 34 36 21 32 27 20 17 25 16 16 19 14 21 21 22 22
Linezolid 1 0 4 0 0 1 0 0 3 3 3 2 1 0 0 1
Nitrofurantoin 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1
Norfloxacin 49 48 30 45 33 25 24 33 29 33 36 23 23 30 31 30
Penicillin - G 14 16 9 17 15 9 4 7 7 7 5 6 8 8 10 8
Quinupristin/ 100 100 100 100 99 99 99 100 100 99 99 100 100 100 100 100
Dalfopristin
Streptomycin high 16 19 20 17 24 15 14 21 17 23 22 18 10 14 13 22
level
Teicoplanin 0 0 0 0 0 1 0 0 2 0 0 0 0 2 0 0
Tetracycline 75 83 77 83 92 82 88 86 84 82 83 77 86 86 79 85
Tigecycline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethoprim/ 99 100 100 100 99 99 99 100 100 99 99 100 100 100 100 100
Sulfa
Vancomycin 0 1 0 0 0 1 0 0 2 0 0 0 0 2 0 1
Enterococcus faecium ~ Ampicillin 99 99 98 100 97 99 9% 95 99 99 96 95 99 95 94 98
Ampicillin/ 96 98 99 98 93 92 95 93 97 96 86 86 96 89 90 96
Sulbactam
Ciprofloxacin 99 98 98 100 100 97 100 95 99 99 94 94 100 98 99 96
Clindamycin 100 100 100 100 100 100 100 99 100 100 100 100 100 100 100 100
Erythromycin 97 80 71 90 93 91 96 96 99 92 90 97 90 80 90 85
Gentamicin high 55 59 47 28 38 49 49 43 48 52 52 60 57 47 46 51
level
Imipenem 99 99 100 100 100 99 100 96 99 99 94 96 100 96 97 98
Levofloxacin 99 98 98 99 99 97 100 93 99 99 94 94 100 98 99 96
Linezolid 0 0 0 0 2 3 0 1 0 0 1 3 0 0 0 0
Nitrofurantoin 91 80 83 90 82 81 79 80 92 89 75 77 93 82 81 84
Norfloxacin 99 98 98 100 100 99 100 95 99 99 94 94 100 98 99 96
Penicillin - G 99 99 100 100 100 99 100 96 99 99 95 96 100 98 100 98
Quinupristin/ 1 1 0 0 8 9 16 12 9 10 15 32 13 9 9 5
Dalfopristin
Streptomycin high 3 2 0 3 6 8 16 8 13 8 8 28 17 9 9 5
level
Teicoplanin 55 41 55 42 46 35 36 45 47 49 46 50 51 38 32 35
Tetracycline 8 28 21 13 17 28 31 10 13 14 30 15 5 14 20 18
Tigecycline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethoprim/ 100 100 100 100 100 100 100 99 100 100 100 100 100 100 100 100
Sulfa
Vancomycin 72 59 70 63 71 66 53 67 71 68 54 64 78 68 52 49
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Table 2. Continued

Antimicrobial resistance rate (%)

Organism Antibiotics 2018 2019 2020 2021
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
Staphylococcus aureus  Cefoxitin screen 42 63 60 56 65 79 29 50 35 31 77 60 24 55 69 82
Ciprofloxacin 25 38 47 31 47 52 21 43 41 23 38 35 24 18 31 82
Clindamycin 33 50 60 44 53 60 29 57 41 15 38 60 18 18 38 82
Erythromycin 33 50 60 44 53 60 29 57 47 15 38 55 18 18 38 82
Fusidic acid 50 38 13 0 35 13 14 57 24 31 0 25 24 0 38 36
Gentamicin 25 25 27 25 47 44 21 50 12 15 8 10 24 18 23 0
Habekacin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Linezolid 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mupirocin 25 31 27 19 24 8 7 7 0 0 46 20 24 18 8 36
Nitrofurantoin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Oxacillin MIC 42 63 60 56 65 75 29 50 35 31 77 60 24 55 69 82
Penicillin - G 100 88 87 81 100 100 86 79 94 69 92 90 82 82 92 91
Quinupristin/ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dafopristin
Rifampin 0 6 0 0 0 0 0 7 6 0 0 0 0 0 0 0
Teicoplanin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Telithromycin 25 19 13 13 18 8 0 29 12 8 0 12 9 23 36
Tetracycline 25 19 20 31 41 40 0 43 12 0 8 15 18 18 31 36
Tigecycline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Trimethoprim/ 0 0 0 13 0 0 0 0 0 8 0 0 12 0 0 0
Sulfa
Vancomycin 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CA: clavulanic acid, ESBL: extended-spectrum beta-lactamase.
Ciprofloxacin (E. coli) Ciprofloxacin (K. pneumoniae)
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Fig. 3. Change in the ciprofloxacin resistance rate of Escherichia coli.
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