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S&7] nAE wiFS JFSt WY Exte] 2= COVID-19 43 o] tiy] o]& 20.7%7F #4astRed, 587 &
o] HiFH YA &4 = COVID-19 /3 °o|F 23.0% HFAastAth. &57] WA= Al WA Weke S aureusOl
Al Rifampin® W/de] COVID-19 ¥4 * 17.7% S7V5t3L, K. pneumoniae= Cefotaxime®] 21.3%°14 27.1%
2 37Vt em, A baumannii= Gentamicin® WAdol 73.3%004 77.6%2 S716tch 2 A1E & =HES]
AAABEY FF2 o2 dE] 557 n|d=2] WHale] FEad F3o] slen, 557] w4 %4 FA WA
H3lS0lE moste] 557 vPE] Het FEH FHIHY A= E2o] FHIA st

Abstract  This study was undertaken to identify the changes in respiratory tract pathogenic
microorganisms before and after the COVID-19 epidemic. Altered microbial resistance rates of the major
pathogens were further investigated. This study retrospectively examined the results of 39,814 sputum
samples requested from 15,398 patients hospitalized between January 2018 and December 2021 at an
850-bed university hospital in Chungnam, Korea. The number of hospitalized patients who underwent
respiratory microbial cultures decreased by 20.7% and the number of positive patients with respiratory
microbial cultures decreased by 23.0% after the COVID-19 epidemic. Examination of the altered
antimicrobial resistance of respiratory microorganisms after the COVID-19 outbreak revealed the
following changes: in S. aureus, resistance to Rifampin increased by 17.7%; K. pneumoniae increased in
resistance to Cefotaxime from 21.3% to 27.1%; resistance of A. baumannii to Gentamicin increased from
73.3% to 77.6%. Results of this study reveal that improving the personal hygiene management of patients
remarkably affects alterations of other general respiratory microorganisms. This would help in the
treatment of empirical antibacterial therapy for respiratory microorganisms by identifying changes in
antimicrobial resistance of respiratory microorganisms.
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1. M2

Hg2 F2 JdEA=olA Ho
ojx AT, HTole TS =
T HPgoZ Qg ApEo] A%
2 gte|gjo}, Hpolg|A E= Figolo] o5
£ ¥ AAORE[2] HolA AA AFTER] F 39l0]
53] Ao o5t APl S 19090 sidstth
[3]. A% F2urtolg A FAS(COVID-19)2 HiolH
24 H#Eo dZFo|n, 20199 12¥ AARANT
(WHO)O 22 HyE 557 Z9EoZ 20204 3
4 11%9 "ol MAH F-golcH4l.

COVID-19 #d3o] SeuehE ozt A AlA=
gitEglon, Z|1AEge] YAV A5G olA 23 7
o= o e FAAE F4] g wrHEtH o}
o Zg=o] £A& Alge] COVID-19 APgRtETh &
A gobd &= Stk AN A vle A EAAAlE
(CDO) 249 A1t o B oAl A gl
AL Q= AAo|thB]. weEtA A4 AA oA 2=
F71H oz BAsta ghaA eAde] Hsh
She A2 YAollA ] HEe A A
& WA &3 A 28-S QoA I
Zolgt sh3lct.

A AlAlE COVID-199] AntE A5 8l B|oF
& 7HY(Non-pharmaceutical intervention, NPI) A
2o] 9J&3IFIrH6]. NP+ ojokzo] X|& glo] AdE
9] kS Eol7] Yol ARREE BE o, AgH
9] ke Eol& NP1 A2 &) vpAT 2,
AL8lA AE717F JrHe-8). olek T2 NPI HHe =
AL O A9, Y] A4 E AREE B4 24
w& COVID-19 TIEES 30~70% E°le= b Z°]
Hoks d77t 9lom[9-11], T2 357] BLuPES]
Az d Agto] wAgo] RS A 7ol W =t

2 AFolMe S At U= 85084 o] o
s oA COVID-19 &4 o]dQ] 2018, 20194k,
COVID-19 &4k 391 2020, 2021 %0 Wt At
9] 357] AAOIA EeH #o] s FFHez X
Areto] il Wl 3Rt 557] AA vla, A=l g

AE EENE T2 A WA WskE mels
of, ol& Bl 557] HHUUABE ool Slof AU
o] AT AAoA 2t FtAQ] Ao ZS
1, M2 WT S48 AL 240 & &80 F
Aog Aztert
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2.1.1 oA

£ 7= 201849 195H 202149 12¥€71A] 447
9 At Q= 850%A R o UofA
15,39879] W EAEZRE QFHke 39814 &F
7] AAE o Z st 8] AAEE A, 7|H
A EAY, 7 B/AR FAHS st At viFolA o
1l M= 4,454701901, 6,389457F &
g=9loH, olg A} Yol9 FYg 66.24019]ct.

o] 7 W=ty SEYsl9 49 (IRB
No. 2022-01-008)% AA A 7|5 33
oz AR

gl
=
=

2.1.2 A

98" 87| AA+= Blood agar plate, MacConkey
agaro] HE ¥ 5% CO7F Z&H 36T HiF7]olA
18~24A17F i3} T}. Blood agar plate©] Hist wj

=

Haemophilus spp. B&S 98 Staphylococcus aureus
£ g4 st A8 TE6 viRA 5
AE #9 7 M2 0.45% A=A F4o] McFarland
0.59] 9320} VITEK2(BioMerieux, Durham, USA)S
ol&gt 58T MICH O &2 A A4 HARE AlFst
9om, oA 444 Z3= Clinical and Laboratory
Standards Institute guideline(CLSI) M100-ED329]|
A AAE 712l w2} Vitek 2 AST 7HEE ©]-85td
B9 Hg}t FolE 2ARIITHIZI

2.1.3 XM & 34

A2 )57 E(electronic medical record, EMR)&
SgH o HESI (=g FHA. AR A
A2 g3 (Microsoft, Redmond, WA, USA)& o]&
stgom R ol FIR2  mHlH o[ E{pivot
table)& o]-85}o] ARESHRITt. ESH 3k} ol Hjojd
I4E 3658 Wro] a3 AA A7 BhEEsto]
ALttt A 71715 g SRt 22 7t il
H A A vigE 755 YR slon, the ¢
Tof FAE FFE gl Essiyict ES A2 o
o o] £ A Aol 25Ut SAA fe
AN3Z O

FFL P < 0.052 A5
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2.2 A7AL

221 48, HEdE 2tz

2018 2021714 o] £eE I A o
PH BExE By 707t AA9] 27.2%2 7HF w@ol ¢
Astgon, tgoz godf, 60t, 50t <=o|3drt
(Table 1). AL 357] WBE HEEZ HAHEH 9
Al o]st ofdoli= 41(0.9%), 10~19A17HA]9] d4W
2 36(0.8%)7, 1941 ol/d] A1 4.377(98.3%) 8=
HQeh olFllA 604l ol @S0l AA 3,294
(74.0%) 0% thF-E2 ARSIt 4 RRojA= &
Y A7} 2,892 0 & HA9] 64.9%F Ho 35.1%%0
o JHt} 29.9% © wkoH, ¥ EIX v &2 1.85:

12 SAEA) o g A ST 5 Ut Ee A
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AW71RE 70 B B S7h WSS A
7, 80Tl Z%7} Zol5 3 0efol oy Bt o
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Table 1. The age and sex distribution of study subjects.

g/:fjp Male (%) Female (%) Total (%)
© 25 (0.9 16 (1.0) 41 (0.9)
10~19 25 (0.9 11 (0.7) 36 (0.8)
20~29 54 (1.9) 20 (1.3) 74 (1.7)
30~39 92 (3.2) 33 (2.1) 125 (2.8)
40~49 223 (7.7) 70 (4.5) 293 (6.6)
50~59 428 (14.8) 163 (10.4) 591 (13.3)
60~69 622 (21.5) 266 (17.0) 888 (19.9)
70~79 763 (26.4) 449 (28.8) 1,212 (27.2)
80~89 600 (20.8) 462 (29.6) 1,062 (23.8)
»90 60 (2.1) 72 (4.6) 132 (3.0)
Total 2,892 (100) 1,562 (100) 4,454 (100)

222 oY LHSKI} S87| A Hi

201895¥E 202197HA] o] et Rt = F
15,398°]% COVID-19 3 A 8,588%8°x] COVID-19
3 & 6,810822 20.7%7F & ZAstc). HAvA
Eo] ujrE A= 4,454 2= COVID-19 /9 A
2,516900A 438 Fol 1,938 L= 23.0%7t FH4dtA
THTable 2).

SHH 2018\9HH 20219714 5871 AA F= A
£ £ 39814702 eyt 587 HA At
20179 9,0837°14 2A717E COVID-19 73 A7H]
Z7180] 13.4%5 HF o, COVID-19 §3 o|F:
6.7% A3 Ao Yepdtt,
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Table 2. Number of patients, number of positive
patients, number of samples, number of
positive samples by year

2018 2019 2020 2021 P value
Number of (290 4208 3527 3285 P<.0001
patients
Number of
positive 1,313 1,203 956 982 P =0.34
patients
Number of
9,961 10,637 9,443 9,773 P < .0001
samples
Number of
positive 3,349 3,709 2,771 2,994 P < .0001
samples
COVID-19 3§ o]#<Ql 20184, 2019dx2] AA|
FHES A7 33.6%, 34.9% = UL, COVID-19

50

o]ZeQl 20204, 2021959 FAHEL 77t 29.3%,
30.6%E YERJT COVID-19 S8 HoE 1

To W

g COVID-19 438 & 18.3% AA FAdE°]

2.2.3 = HADME| M HE}

7t viok AAks 49(2018~20219)7F ¥ 39,8144
Aol A Ao, 12,823(32.2%) AACIA F/do] &
AU FES AR & TF7] v]FE 6,38997F &
=t 77 5 xR Eod Fo e o
F9] FHo =t BYow S pneumoniae,
H influenzae, M. catarrhalis®] EZAE A|7to]
Aol wek F-oJu|st vt UERETtHTable 3).

He vgEo] Add 6,38999] RBE T 7MY &
3] WlgE 72 S aureus 22.2%(1,420/6,389)92H. 1
HE olo] A baumannii complex 16.9%(1,078/6,389),
P. aeruginoas 14.9%(954/6,389), K. pneumoniae
14.0%(895/6,389), C. albicans 6.0%(383/6,389) 1
2|31 S pneumoniae 3.7%(233/6,389)%] <0 & ¥
HdEo] BigE A

COVID-19 £ A%t £9] o RS v|isj:
H, COVID-19 3 o]#<l 2018wt 20194 9] ¥
4% o BeHIxoME S aureus Y A. baumannii
complex ) P. aeruginosa ) K. pneumoniae <22
UERTE COVID-19 /3% 591 20209 =2 20213 9]
BHEd o EFRlIEOANE S
aeruginosa ) K. pneumoniae ) A. baumannii
complex €22 YEIF O™ COVID-19 59 o] &
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Table 3. The frequencies of bacteria and fungi from sputum isolates by year

Organisms 2018 (%) 2019 (%) 2020 (%) 2021 (%) Total (%)
- 1.420
Staphylococcus aureus 415 (22.8) 384 (22.1) 294 (21.5) 327 (22.4) 22.2)
Acinetobacter 355 (19.5) 332 (19.1) 184 (13.4) 207 (14.2) 1078
baumannii complex (16.9)
Fseudomonas 214 (11.8) 275 (15.8) 266 (19.4) 199 (13.6) 954
aeruginosa (14.9)
Klebsiella pneumoniae 273 (15.0) 205 (11.8) 182 (13.3) 235 (16.1) (182%)
Candida albicans 76 (4.2) 104 (6.0) 104 (7.6) 99 (6.8) (3683)
Streptococcus 65 (3.6) 102 (5.9) 38 (2.8) 28 (1.9) 233
pneumoniae (3.7)
EBscherichia coli 57 (3.1) 45 (2.0) 3223 57 (3.9) (13?3)
Stenotrophomonas 156
maltophilia 522.9) 31 (1.8) 38 (2.9) 35 (2.4) 2.4
Enterobacter aerogenes 39 (2.1) 26 (1.5) 23 (1.7) 49 (3.4) (12317)
Proteus mirabilis 19 (1.0) 41 (2.4) 43 (3.1) 27 (1.9) (123(()))
Streptococcus 115
agalactiae-(Group B) 36 2.0 2917 29 @D 21149 (1.8)
Haemophilus influenzae 35 (1.9 38 (2.2) 20 (1.5) 403 (1975)
Enterobacter cloacae 30 (1.7) 17 (1.0) 14 (1.0) 24 (1.6) 85
complex (1.3)
Moraxella catarrhalis 23 (1.3) 9 (0.5) 6 (0.9 1 0.1 (3 96)
Aspergillus spp 9 (0.5) 13 (0.8) 5 (0.4) 9 (0.6) (366)
Others 124 6.9) 87 (5.0 91 (67) 138 9.5) oo
Total 1,822 (100) 1,738 (100) 1,369 (100) 1,460 (100) 6,389 (100)
o™, 53] A baumannii complex w#2] 47k CLSI M100-ED32E 702 Brleiglon, 24 #E=
A YERET FtAl= CLSI M100-ED329] 7|02 40 B

N

COVID-197} 4-385}7] o]} o]3of FH 557]

AAA EE 45 £ PFYozR vludEd
COVID-19 %3 o]Hol:= 1,780 o7l E =i

COVID-19 #3 o]&°l& 1,415 & COVID-19 &
3 oA tin] 20.5%7F FAH AS AT £ o,
C. albicans, E. aerogenes, P. mirabiliss A|2Jst of
F5O] 50| Astgltt o] F COVID-19 o)Xzt H]
W5t 50% @A E2l7t ZASE HE=2 S pneumoniae
60.5%, H. influenzae 67.2% M. catarrhalis 78.1%

224 387| 0/4=9| Sutd| Uy Hat
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== Group A9 AEiZ 08 H5H= Group B 4t
A e AE 71estlo, Al A BARE st
= VITEK2 AST 2247t= 13 S2A4J4Hof| HI=A] H 3|
oF 3= A9l Group A9l tobramycin®] A|2]% o]
AAL FEONA ALt Al WAde Wk 2
HE COVID-19 A o] 20184, 201949 Al
W Batk COVID-19 A o< 20204, 202199
A W BS Bk

At AANA 713 wol BejH S aureus®] YA
W82 rifamping AL UHA FAAIA
COVID-19 T MKt} S04 oFto] e Ei= ¥}
7F A9 QA vebteH, Rifamping] WAL 18.5%C]
A 36.2%=2 28A-E YAlo]l £Vt Table 4).
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Table 4. Antimicrobial resistance(%) of S. aureus
isolated by year

Table 6. Antimicrobial resistance(%) of A.
baumannii complex isolated by year

A. baumannii

S. aureus

Antimicrobial 2018-2019 2020-2021 Antimicrobial 2018-2019 2020-2021
(799) 621) (687) (391)
Clindamycin 74.9 71.6 Cefepime 91.7 86.5
Erythromycin 76.7 72.9 Cefotaxime 90.4 83.7
Oxacillin 81.1 79.7 Ceftazidime 90.2 82.9
o Ciprofloxacin 92.1 86.8
Penicillin-G 97.1 97.0 Colistin 03 11
Rifampin 18.5 36.2 Gentamicin 73.3 77.6
Tetracycline 68.4 64.6 Imipenem 89.9 84.7
Trimethoprim/Sul 3.0 3.3 Meropenem 90.0 84.7
Vancomycine 0 0 Minocycline 0.9 0.8
Pip/Tazo 91.5 86.8
Tigecycline 2.8 3.6
K. pneumoniaePA+ gentamicing A|YsH v Trimethoprim/Sul 843 745

A A4 WAdel Sttt 3MH cephemA| 3
TAI] cefotaxime®] WAdo] 21.3%A A1 27.1%= S7F
stFom, TS ESBL FPEE 21.8%0NA4 27.7%=Z =
obHth. 121 cefepime 10.8%°lA 16.8%Z 7V
%2 WHE 57 UEigiti(Table 5).

Table 5. Antimicrobial resistance (%) of X.
pneumoniae isolated by year

K. pneumoniae

Antimicrobial 2018-2019 2020-2021
478) (417)
Ampicillin 100 100
Amikacin 0.8 1.5
Cefepime 10.8 16.8
Cefotaxime 21.3 27.1
Cefoxitin 7.6 11.5
Ertapenem 0.8 4.2
Gentamicin 12.5 10.3
Imipenem 0.5 3.3
Pip/Tazo 12.3 15.3
Trimethoprim/Sul 16.7 18.6
ESBL 21.8 27.7

A baumannii complex®] ZaA| Wdolki= COVID-19
H9hAY o]% trimethoprim- sulfamethoxazole®] W43
84.3%0lA  74.5%2 7PE ol ZASIUoH,
gentamicin®] W0l 73.3%CA 77.6%, colistine
0.3%°1A4 1.1%2 Aol &7t tHTable 6).
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P. aeruginosa®] @A W/dolAE COVID-19 &
Ay olF BIIRE HE Ao tigt Wido] AR
o, E3] carbapenemAd ARl  imipenem¥t
meropenem®] ZFZF 30.8%°llA 22.8%, 25.4%CNA
17.4%2 7V 2o 45 HYHTable 7).

Ani
w5

Table 7. Antimicrobial resistance(%) of P. aeruginosa
isolated by year

P. aeruginosa

Antimicrobial 2018-2019 2020-2021
(489) (465)
Amikacin 13.7 11.1
Aztreonam 22.1 18.5
Cefepime 14.6 10.1
Ceftazidime 22.2 17.3
Ciprofloxacin 31.7 24.8
Colisitin 1.4 1.1
Gentamicin 17.2 13.1
Imipenem 30.8 22.8
Meropenem 25.4 17.4
Pip/Tazo 29.5 22.2

A gE gEoer 7PF 23 AAASl S
pneumoniae?] F4A W COVID-19 A4 o|<

erythromycin, clindamycin® WAE°l &+ 2.5%,
1.0% Z4olg .o, HHHo| ceftriaxone, cefotaxime,
SXT,  penicillin(non-invasive),
moxifloxacin, tetracycline® A WAool Z+z
21.8%, 16.2%, 15.3%, 11.4%, 9.8%, 7.0%, 5.1% 57}
S} tHTable 8).

levofloxacin,
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Table 8. Antimicrobial resistance(%) of S.
pneumoniae isolated by year

S. pneumoniae

Antimicrobial 2018-2019 2020-2021
(167) (66)
Cefotaxime 16.1 32.3
Ceftriaxone 16.7 38.5
Clindamycin 68.7 67.7
Erythromycin 81.0 78.5
Levofloxacin 7.1 16.9
Moxifloxacin 3.8 10.8
Penicillin 4.0 15.4
Tetracycline 70.2 75.4
Trimethoprim/Sul 33.9 49.2
3. 22 ¢ HA
£ d5= COVID-19& IgF NPT A2kl vpAs 2
8, & 471 591 A9 Hebh 587 AARE B
Sl lEe] £5 9 A WRo) Wl e ek
I, A A5 oJgt 8 HAnBES] s Wt
£ o] flsto] B dA 15,3989 A &
FHow 2ASIT
2018d~2021d°] 2571 AHACIA 2918 Lt
w5 RS ANEY, 587 A4 = F 39,814

Zo1er, oF 12,823%1°] L= 32.2%9] T4
S Bt 12,8239 4 AAS o EAlA S5
e wFe AlQsior, teded] S4dE 45 =
ool Z3tsto] 6,3890] 4,4547 ] EAfIAAM E2

= E} 257 AA AL 201997 wid Z715)
£ FAE EIAT S COVID-19 #3 o] S REl=
AA H4Fo] COVID-19 &3 A ojv] 6.7% AAst

A& ZRIT &= it} o]2|§k 3= COVID-199] 9
FOZ sl HAFS] Wshrt EAE Aozt TekE o]
A},

201815 2021L477}X1 4A7F YA3 X F vl
ARl HHEA = COVID-19 73 A7} H|ws}od
23.0% AT FAIE eI 4= Qlolth ol AWEE
AAE 71 (Health Insurance Review & Assessment
Service, HIRA) A=9} Zo] #Hgof ot gkt =5 ]
W5hH 20179%(131.95F ), 2018WU%(134.35F 1),
20199 %=(140.65F B)ell HAF F71ctks FAE BUA
9 20209%(67.09F ®)oll= AH(20199) 4] 52.3%
7} 7Hast AL gl

ATH13]. T2 2 Al

S A&
OET‘TM
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A ST B2 HghEd B4 old =2 AAE
Ho|R] 32 Ao= wogch

71 wo] B2 S aureuss LHHE 07 &Fo)A
e 7IAA Gl et FRo X7 UAY o5
2] AQlog xZo] £AEH IS dor]7] WEd
B W 7E9 F8 Yeldoltt. olet T2 B0l s
COVID-19 #id9]o] oJgt RIE9] @JaF2 vlu|siglon,
Al WAL rifampinoll AT Aol 18.5%0141
36.2%% @ol 71t thE oAl 5T Wit
ALt ol S aureus AFEO o], FFHE HolH

= 5402 o7 PFA9 EdaHS AlmoiA EAE
Zolzt It ¥k ol 8=E A= rifampin,
gentamicin, fusidic acid §°] 1°H, S aureus°l

it FRATNE £ol7] Aste] Watay A8 Ao %

Ss5itH14]. & HAR o] BEH A baumannii
complex= F2 Ao R Qg HaHF o2 &I

st AW (Multiple Drug Resistance, MDR)?| &
7Fl= FAlolth. COVID-19 #¥ @A Hidole
2 WS QYooY A baumanniiat® EERHIEE
COVID-19 3 o33} wlarste] 43.1%7F d4ase 2
7} vebdol whet RIS 2 AuiolA: et
7} ek wAECk P oaeruginosas BE Aol o
gt Aol A4S, P aeruginosa HRL &5 ol
7179] ofg}, Ut &4, SAA Aofl, 11 FHAR

gt B A AA 5 FF SEEEo] Dotk

=3

O O
[14]. W2bA P aeruginosa RS Eﬂ"é%‘ﬁﬂ' Az¥st
24 49 oy st VI gdFo s Z3xt

ol 7 Yoldeh Mz Aol g Ao

=

18~61%2 BE]o] 9lo][15], of 3] &A}%& 1
o BTG B BAZNN FeAe WUA F stol
o oIz <l A2 3 Y W) 7] vjo] 34

Eo] FAA F8L 5HA] AEE 9FQ1E Loz
E01E%E A= wotdrh &3 PA A8 A
9] 7182 Pt AF 2 viTRE WE VEeR
E7stolon, QoA JAgt %’Z}E"ﬂﬂ] A 24

A 7= AXF ATt vredEl Ao w AziET o]
A AA oA B == P aeruginosae e}
AHAo A EE== A A45/33 v sto]
9] A= Hlth WA P aeruginosa’t A
A Az ZvkRe Aow EPHOWE}
pneumoniae= 717¥3t Aol A AHEES Lo
g 73RdHe R ERdnh 5 49
Aol A Al E HutE=, o T4
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SRIAFOZA COVID-19 MuHoaRE] JgFe
A = BEAE HoFglow, Al UAEES
gentamicing ALt YA A HEECl 37t
ofom, ESBL ¥4 T3t 3AIHH cephalosporinAl &
AL} vl=stA Skskgich

293 SEWEe WHEZQ S pneumoniae 2

< 7%= COVID-19 /3 A<l 2018, 20199 %=0l=
F7tol= FAIE Holthrt ol 20209FEHE At
ZHasto] 202199 20199% Y] 72.6% #rAstitt
oAl AL erythromycin, clindamycing A9
stal A Aol F71ske @4dol Ukttt o= 4
AH o R QA4 FEH ot 3o E A% WA
F712 =29, S pneumoniae= penicillin G7F €
A8 ofol7lof 7FY e ol8E= FolW, ampicillin,
cefotaxime, ceftriaxoned 72 beta-lactameaseS
% penicillin #4573 #3] s Fofg 5= glof Zo]
Z715E Zog AZI=oALt clindamycin, tetracyclined}
trimethoprime-sulfamethoxazole®} Z-2 SHEZ
wg gl o= A= Fseol o] ARGHTHI4L
01310} Aol ek HAES] FAWE alols Y

Hef o] ol ARE 2245 A Azt wfo

4"]' FAY AP7A 1 FF7F Wi oottt E9,
T BAZE =2 Qe Ot A1 23-8o] B
o+ GAUAEY A9 IS FEr)= SHol v
ek

F24 19 vlo|gAz gt HELn A
Lro] A7t w2 557] nlES] A4
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