A SR IR Dec. 20, 2024, 51(12): 4984—5005

Microbiology China DOI: 10.13344/j.microbiol.china.240589
http://journals.im.ac.cn/wswxtbcn Copyright ©2024 Microbiology China All Rights Reserved
\/\ ,-l-. A Y RS
Tt 55k

SR BRI RBP4 o B T ER RO 5T
R

ZFIERE b, REE!, BRES

1 R AE2ERE, dbat 100084
2 Faculty of Science, University of British Columbia, Vancouver V6T 1Z4, Canada
3 dbEUKE MEERLE S TRE%EE, JLa 100087

ZAEFE, Bocil, PREZE, RAKE. FREEHUAR R 25 M RUSIEAN h e /NI T R BE B WF SR 0 FE (0], Bl 27sdidl, 2024, 51(12):
4984-5005.

LI Feifei, YANG Wendy, CHEN Lyujun, WEN Donghui. Advancements in minimum inhibitory concentration (MIC) for risk
assessment of environmental antimicrobial resistance[J]. Microbiology China, 2024, 51(12): 4984-5005.

B E: X3P iuA £ a2 M (antimicrobial resistance, AMR)#) = & Fe it & aF A X BM R T = &
B, N3 B R E (minimum inhibitory concentration, MIC)Z 3 M 3R 3% F LA & o 25 M K[ 68 X
BAsAR. AFRAT XRARIZ, RILF A 69 MIC X7 ik F K30 R A W p ik, LR2IF
i A5 # ik A= E-test i, MR F %69 RF*F MIC /A 49 %o RBA 2. A T EUCAST 438 %, W T B
A AT R A AT Ao di A & 69 MIC M iX4c35, ZAFEZKPAMEA(G)H AMR FIAAF2] T £ % XiE,
£ MIC #EZEAKXTFELRKMAEE(G), Am, GrinA Tk G 5%, 80F RAHHE
(Acinetobacter baumannii)#= 5 # 3% # (Enterococcus faecium)a %1 2 G 4= G' ¥ & 24 MR 5k 49 e td. A
* AMR #9HFR £ 2% P F B-NBREERA L, MAKREfSREARAATR Y. ARG
AFEF, @A ATFEARMN. BEZFXBHBROFTHBREZ, KARXHEREL T MIC MK F
FEEHBBEARIK, 3E B ATHBREZRL, BEUHLEYT AMIC ARG ELE®D, FILEHEE
KB Ak d; mAEWGN, ROWARE ROBFRE; KNERH

NI H . B R A RE R4 (52200227, 51938001, 52170185)

This work was supported by the National Natural Science Foundation of China (52200227, 51938001, 52170185).
*Corresponding author. E-mail: dhwen@pku.edu.cn

Received: 2024-07-14; Accepted: 2024-11-28; Published online: 2024-12-05



FIEFE F | MRME R AN PR NMERERNARAR 4985

Advancements in minimum inhibitory concentration (MIC)
for risk assessment of environmental antimicrobial resistance

LI Feifei!, YANG Wendy?, CHEN Lyujun!, WEN Donghui"?
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Abstract: The generation and spread of antimicrobial resistance (AMR) in the environment
pose a serious threat to human health. The minimum inhibitory concentration (MIC) is a key
indicator for assessing the risk of AMR in environmental settings. Based on a literature review,
this study found that among the commonly employed MIC testing methods, broth microdilution
was the most prevalent, followed by agar dilution and E-test, and the MIC values observed
showed no differences among different testing methods. Furthermore, we collected and
analyzed the MIC data of different strains and antibiotics from the EUCAST database.
According to the data, the available AMR studies mainly focused on Gram-negative bacteria
(G7), which had a larger amount of MIC data than Gram-positive bacteria (G"). Notably, we
observed that G" bacteria exhibited stronger resistance to antibiotics than G~. Acinetobacter
baumannii and Enterococcus faecium demonstrated the strongest resistance among G~ and G,
respectively. Additionally, we found that the research on AMR primarily focused on B-lactams,
with limited attention to sulfonamides and peptides. Bacteria displayed the strongest resistance
to ampicillin-sulbactam, streptomycin, and fusidic acid among the antibiotics tested. This study
reviews the current status of MIC testing methods and data. It emphasizes that existing data are
insufficient and recommends expanding the scope of MIC research while promoting the sharing
of AMR information.

Keywords: antibiotics; antimicrobial resistance; minimum inhibitory concentration; minimum
selective concentration; risk assessment
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Figure 1

MIC distribution of typical bacteria based on different test methods and the proportion of MIC test

methods for E. coli (A), P. aeruginosa (B), S. aureus (C), and S. pneumoniae (D).
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Table I A comparison of typical phenotypic antimicrobial susceptibility test methods
J1%k Method A4 Basic introduction fL s Merit and demerit
W P i R AR TE 96 FLARMIEE FRARELAT  HEas
[EE2FS BIRR G ELEPI R BRI UER, REH 25 R ek B e A i v 5
Broth BB AN R A BN AL . 28 AR, JEAR ) 5
microdilution —R&HEFRIE, JCAN A KIRIE R (BUEEE R A0 Z2 R0 Az 2 M2 1 [R]85
PEEARAR), B A R A R ALRI Y W Fshsl B304k, 41 MBD Sensititre System
TR I R R
Broth microdilution entails continuous double ~ #1E&E 4%;
dilution of an antibiotic in liquid broth within a #Ei, #&5
96-well cell culture plate, followed by the Merit:
injection of a standardized number of bacteria  High freedom of choice of drug type or concentration;
into the corresponding micropores. After an Low cost, no need for a large number of reagents;
overnight culture, the micropores showing no  Simultaneous testing of multiple antibiotics and bacteria;
sign of bacterial growth (such as color or Manual or automated, such as MBD Sensititre System
viscosity change) and having the lowest Demerit:
concentration of antibiotics represent the Complex operation;
minimum inhibitory concentration Time-consuming and labor-intensive
BUEMEE  BUER RS R AR B U E R R i
Agar dilution R FHZELEPIEFBE)MAZIR BB 25 P2 sl BE R 1 Hh B2 v 5
Bk, SRR R R O A A TR s TN AT [ AN [R] TR A 5
BFgetRm . S —ROEFRE, TAMEE & TS DS ORISR Y K R 2 159)
KR HA& A R i R BRI R Dy e e«
R BT 32 ANBE ]I Z R AR 2R 5
The agar dilution method implies the addition — #{FEE 24;
of antibiotics at varying concentrations HELRBAENT . FETT . AR
(typically through the continuous double Merit:
dilution approach) to the uncured agar medium. High freedom of choice of drug type or concentration;
Subsequently, a standardized quantity of Different strains can be tested simultaneously;
bacteria is applied to the surface of the agar For drugs that mask biological growth in liquid medium with their
plate by spotting. After overnight culture, the  color(!>!
agar plate showing no evidence of bacterial Demerits:
growth and with the lowest concentration of Cannot test for multiple antibiotics at the same time;
antibiotics constitutes the minimum inhibitory ~Complex operation;
concentration Continuous dilution consumes time, power and reagents!>*
E-test E-test 2 2 MRA BUEPTUE R WRBERBEERY A

ISR HCE A CHERD T I A B A L
S — SRR, el AR FEE U R 1
MEX . I XG5 /N R3S,
B Ay e A BT 2

E-test involves placing multiple strips coated
with a predetermined antibiotic concentration
gradient on an agar surface that has been
inoculated with the test bacteria. After
overnight culture, an oval antibacterial zone is
formed around the test strip. The intersection
point between the inhibitory zone and the
minimum scale on the test strip is the minimum
inhibitory concentration

i 2 HLB # A 5

AT PIRIA AR R RS VR 5

XA A i 245 2% R Uy 15¢)

B

FEHR B AR S2

sk Z AR Z BT A RIS

Hrk 53]

Merits:

Simple and easy to operate;

The combined action of two different antibiotics can be measured;
High sensitivity to bacterial resistance phenotypes!!*¢]

Demerits:

Relatively low accuracy!'?;

There is still a lack of test strips for many types of antibiotics;

Expensivel!>3]
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W2 Z PR R BRI ), R
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FH T 4 T 240 L RE 19 ) o3 PSS RE AN [R] 20
BRI 43 R 8 2% ER BH A TR (G R 2% FRBAPE TR (G ).
FRE AN B 3 AR, A A AT AN ) 2 551 40 7
XTHUAEZE A MIC 34l , A B 48 SHiAE R
PRAS S A T 2457 AU A . MIC $58li ke 5T
EUCAST %44 /% (https://mic.eucast.org/), 1% 50
JFE MIC {3k A 4 BR AN B K 1T 25 PR 55 Al
WeIam B | w254l . BRI KA B RE
TEBE MIC B4, EUCAST BUR R A% &
FE il AR 3 o S AN, A SR B g R o)
Fhal R A R A WNTEM 251, W EUCAST
F 40 A T o SR S s . Bl GXF
R (Can o & 2) B NTERM 254, 1 G™X
HIEHNTEM 25 PET, TRl EUCAST % i
HA Gl E R H) MIC £ .

224511, EUCAST Fudls FEdLlicdE 17 136 F
G MIC ¥4, G F38din ity 35 742 4%, L
ORI E %, A 1140 155 4%
ZEARIFEWET 132 F G MIC B, G
IR Ry 22 825 Ok, Hivh & w0 A R TE
(S aureus) IR E I S 2, M 949 203 4%,
MACKUL, GTHY MIC #ds i KT G*, Ui H

HIAYBFSE 2000 G It 25 PEl . & 2 B4
T G G R LA HT 15 9 AH T MIC 434 .

HIE 2 AI0L, G'AY MIC H A7 80~ 3{E
(1.51 mg/L)E T G (1.14 mg/L), G 3k A& It
W Z R, Hp S R 3 FF B (Acinetobacter
baumannii)f) MIC H %, A 8 mg/L, Xt
AR BT 2R, HAAHTE ) MIC i 207E
0.125-2.000 mg/L . fifl 2 AN B FF P MIC B IY 7 i
(interquartile range, IQR)¥5 & i, X [a] 7 [
4 1-32 mg/L, MIC £ {E 48 B il . HAth & Fh MIC
1) IQR ¥ BE /N, X AIVE /N T 0-8 mg/L,
MIC FEAHXTEY . G FEU T HEREE
(Staphylococcus) (6 Fi)Fl%% EK F# J& (Streptococcus)
(3 Fhy, oA PR %ER i (Enterococcus faecium) i
MIC H i Eiemr, i 8 mg/L, XIPiA: = 124
PR o, H A AR MIC BB A T
0.06-4.00 mg/L. BRIHERE MIC 1 IQR E5HE
K, XEVEE N 1-64 mg/L, MIC {4
B HOh 26 Bk (E. faecalis) . ¥ I 7
%) BR & (S haemolyticus) , fh (8] 7 % BK &
(S pseudintermedius) Ml & 2% 4> £ A
(Mycobacterium avium) , X [E]3E FEl 44 0-16 mg/L;
HALBE R MIC /9 TQR 5 BEH/IN, X [H] Bl 34 /)N
T 0-8 mg/L, MIC ¥tflitH*f 4,

gr bRk, i 2GR G GT
AR B2 AN ST R FUR B BR B, X R E T
I RIGIT H L X B = AN B TR DR s 3R AT 1Y
PrA: RABEREAR, RS MERE R fEAREE
ETES®EENPUAERNAET, WRERHE
AP BI3E 4 1R, AMRAGREIRUS K, KEH
D HTAEZR A MIC HP BN 2 mg/L, - H.
XHAE R MIC {H IQR B5EEAEHTE 0-8 mg/L.
X SEAH PR R PT A F BB RCIR IR RIG YT RICR
4, BRRCE DA R WNIFEAH, iR EST
G HARFAEL, BEAT7 4 AMR B XU AR
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Figure 2 MIC distribution of typical Gram-negative and positive bacteria.
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& % 5 A (meropenem) . WR$i7 P AR (piperacillin) |
Sk AU IE (ceftazidime) . Sk H1 K (cefuroxime) |
KA Hh FA (ceftriaxone), & AN B BXHE R 74
MR-FERIAERR . WRBZPUAR . B R PR (ticarcillin) |
Zs K AL (netilmicin) Y MIC f 5 , A ik 256 mg/L,
1M X} &2 4 3k 78 Mk 15 (cefepime-enmetazobactam)
T 25 Ak, MIC {0k 0.008 mg/L. BBk

WA 53 FhPtERR MIC ¥, EXTFEK
(bacitracin) . 5085 % (clarithromycin) Fll % £1 5%
# (roxithromycin)fif 2514 3%, MIC 4 256 mg/L,
1M Xt B8 F 5 B2 (oritavancin) i 2514 f 55, MIC Ky
0.008 mg/L. R, 24 DL & AN Bl 18 AR i Bk
WA B AR B 2R T IR B BT A 2 T 24570 JXURS: PE AR
1 NIV 1K1 e 78 =R S (11 AN 7 | =4
& MIC IRIBTAE R, BT AT RE ™ AR 8 1Y)
2 DA T 245 7 RS o

b Xl 1 2 AN B AT B MIC 5% B 22 1) 2 -5
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MIC (mg/L)
coo288
SZz2289228888888238 =,
ceeeeendne eSS gafaNn—~ &N
C O OO O CC OO~ 0 —~on O — 01w w
Tigecycline | [ . 34 830
Imipenem N | | I 6531
Cefepime = : 6142
Ticarcillin-clavulanic acid 6025
Meropenem BN | || ] B 5022
Piperacillin ' 3786
Tobramycin Bl 3687
Ceftazidime B 3 644
Cefuroxime im 3341
Ceftriaxone [ | 3054
Ticarcillin ] 3054
Colistin 2 879
Ciprofloxacin 24775
Cefepime-zidebactam 2624
Amikacin 2194
Doripenem 1973
Gentamicin 1 896
Levofloxacin 1 880
Imipenem-relebactam ) 1 695
Delafloxacin 1463
Trimethoprim-sulfamethoxazole 1117
Cefotaxime 1036
Cefiderocol 1032
Ceftobiprole [ | 963
Piperacillin-tazobactam 732
Cefepime-enmetazobactam-8 I 723
Ampicillin | 619
Ceftolozane B 466
Ceftazidime-clavulanate | 380
Ertapenem B 302
Ofloxacin m 271
Fosfomycin B 263
Sitafloxacin [ [ 250
Sulbactam [ 205
Nalidixic acid B 158
Trimethoprim | | | 158
Netilmicin B 109
Ceftibuten || 105
Cefoperazone [ ] 104
Rifampicin | 102
Ceftazidime-avibactam E B 65
Meropenem-vaborbactam | I 65
Eravacycline | 29
Aztreonam 25
Cefepime-clavulanate N 18
Cefotaxime-clavulanate || 18
0.0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0
Data size percentiles of all antibiotics
0 ] ]

Data size percentiles of MIC values corresponding to particular antibiotic
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2L FIERT 20%, HUCORFE R (20%-40%) . FER R (40%-60%) . 4Kk (1 3R (60%—80%) i (4 &R JE)m
20%. A ORNTHOIRE RSB R A 20, B s W B e

Figure 3 MIC distribution of antibiotics for A. baumannii (A) and E. faecium (B). The MIC data is
organized from high to low, with the red group representing the top 20%, followed by the orange group

(20%—-40%), the light green group (40%—60%), the dark green group (60%—80%), and the blue group
representing the bottom 20%. The shade of each color within these groups indicates the volume of data, with

darker shades representing larger amounts of data.

& J5)(Food and Drug Administration, FDA)Z1:f
P R P O A R e e
Bl 25%09 11 MHtAER T, R M (linezolid) |
45 W T -k 488 7T (quinupristin-dalfopristin) |
BRI 2= R R i R PR3 34 K (omadacycline)
G390 2000 4F 1999 4F | 2005 4R 2020 4 I
Mo HICAT UL, HEDSEHUAE R 0 40 214
W OCTE BEER K o IHPUAE RAER Al ot &
AR O X H™ R T i m gk, IR 2
IS A I i AE R . TR R
B MR Ak a5 A AR AL, 58 060508
PrAEZ ) MIC A3 A FRAE, o] DLA HHE AR5
JErEAER AMR XU, DA XTI B R EE P A
ETEZR [P
4.3 AEMAITEZTTAEL MIC 7347
EUCAST %l 45 Ff bt 2B 28 B4 2 4 57
. G T 149 FiAE R A MIC B, K
B A BT AR R R A5 R R A B M O R 2
(quinolones) . B-PNWEHZZE(B-lactams) . IR N g
Z(macrolides) . PUFF 2 2 (tetracyclines) . 2 Hk
W25 (aminoglycosides) . #i k2 (glycopeptides) .
BRIk (lipoglycopeptides) . ZIkZ(polypeptides) .
Pk % B 25 (amphenicols) . fiff % 55 (sulfonamides)
S HAhZE (others), XS T 7 H AT L
WL RIS . MG R, Tk 1 2L
PR T 30 000 45fY 54 FhifiA R, MENIZK
SRR IEPUE R AR 4, TR A ]
PrA R Z 18] MIC B 517 .

HE 4 Fr, BETEEXT p- N el &
PIRFR S i %, 54 FhiE A 22 R
T B-MBERES . B-MBEe S PiA R BA ) kbt
WAER, X 2R Wanma sk, BV A
X4, RIGR B AERZ —
i, PR R R AP R(R T B- MBI
KT 25 ik 70%L0 EUSS fF g gt f b
F R B e S R 2 BKSE, 4o Sil) A i fe FE TE e
(sulfamethoxazole) F1 % [# 2% (colistin) i) MIC %%
o BRI R Z, BN rhE S
A Ttk e S A (—SO.NHL) , il frig Sk A1 2 fifh e A b A
B 2 A R AE D B 2 B MR, BRI,
1 H B B2 A 2 MIC St demt, & A BF
¢ AR B R B g MIC BR AP0, Z kst
A FNT AT BEPUREAE R, 305 380 o e VR A1 B
LA B R R B R BEAE T, A ]
REd L R A ALE],  Eean i & B A . B
Wiz iR A& S, Mk, AR, a0
B X 22 KIS P AR T 2 i AT R AR, 3 A T BE
JEZRREH A MIC SR FE 5

R PEAR4H (ampicillin-sulbactam) ., 585 &
I VY MR (fusidic acid)f) MIC H 47 %0 T H:
fdta &, 25010 4. 8 F1 4 mg/L, HEXTEA]
AT 25 s, T HA BT AE R 1Y MIC {H Y
AN 2 mg/L, 2R PRGN FEERE R 1 MIC {H
B IQR BEFERA, 435K 1.75-32.00 mg/L F
2-32 mg/L, MIC {HE#H . H IR M2 Tk
(ampicillin) . WRPLPGHR . B A< PO AR-TEhr 4E R Fl

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FIEFE F | MRME R AN PR NMERERNARAR

4995

I:l Quinolones I:l B-lactams I:l Macrolides I:l Tetracycliness - Aminoglycosides

- Glycopeptides - Lipoglycopeptides - Polypeptides I:| Amphenicols

2 048 00O NN - Sulfonamides Others

1£3.UUU YU

32.000 00

* 44644
*
*
*

0.007 81

Minimum inhibitory concentration |

[125%-75%
T Ranoe within 1 5 TOR

* @
*ereree
*e ¢ *e T
.o tee

0.001 95

4 AEEAIER MIC 5

M o |
e . !
¢ o3 J »
8.00000r¢ & oo s e o* :
¢ el . s *
2.000 00 o [[]L]+ Dol ‘
0.500 00 . N ?
0.125 00 B
0.03125¢
2588iss gEEEEEEES

Figure 4 Distribution of MIC values across different classes of antibiotics.

B K < A (amikacin) , MIC {8 Y IQR 5 Y [l 2
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