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Abstract: [Objective] Over 7 million people die from bacterial infections every year due to the
inappropriate or untimely use of antibiotics. Antimicrobial susceptibility test (AST) is a routine
method guiding antibiotic therapy in clinical practice, while the existing methods have
limitations as they require at least 16—20 h to get the results. We aimed to develop a novel rapid
AST method based on bacterial morphology analysis, which can improve the diagnosis
efficiency and provide timely treatment for the patients with bacterial infections, especially for
urgent cases. [Methods] We developed an in-situ time-lapsed imaging (ISM-TLI) technique for
microcolonies by combining bacterial incubation, in vitro antibiotic treatment, microscopic
imaging, and image processing algorithm. The combination of the imaging device with the
algorithm enabled the tracing of the morphological changes of colonies treated with different
concentrations of antibiotics in-situ and the rapid obtainment of AST results. [Results] This
technique worked effectively for both Gram-positive and Gram-negative bacteria and could
determine the minimum inhibitory concentration (MIC) within 2 h, with the results in
agreement with those obtained with the clinical gold standard method. [Conclusion] Our rapid
AST technique significantly reduced the turn-around-time for obtaining the AST profile and
had great potential for AST of a wide range of other strains.

Keywords: Hough transform; bacterial morphology; image recognition; rapid antimicrobial
susceptibility test; in-Situ incubation

PrA R MM AR, S b A < 25 40 R
TR (1] FR AN B8 22, {5 s PP 4 0G Ay 1 1
) 7 BR R AR 0 7 8 3R I BR 1 55 2 iy 42 Bk
AT AR IR TR A A R
ARE TR, T EH AT R IR IR GE
AR R 24 40 TR L R DU WA , — g
T B B IRPE BN, AN A . S5 . IBUILAE |

P4 actamicro@im.ac.cn, 7 010-64807516

BYIHEE . WYY S, ARHBOR B,
AT I AR B 2Ry 7 5 =Y. LR
R A EBER R, I Hs Sk, X
P ER S 27 e A, B
UiE{EiaN

N T B BUA R AU, R B ik SR T 2
2GRN KA P A RS I Bl WA A



TS| UM, 2024, 64(9)

3535

T 2N 2, IR R L R TR
WL PR R R R T R
TSN 2T W RS B . AZ GEhim 254
B PEN I (antimicrobial susceptibility test, AST)
LT 20 B AR WD 6 BEAGIN . ODgoo KL R
10" CFU/mLY™ M, R A0 B R R 254 16-20 h
A REIK B f I n] A A A A K o — S T
2 TR TR 2RI 5 3%, 9N 4 DR 4 I R AT PCR
AL, e 2o G I A TR ) TS 245 5 DR ke 4 S0 4 7 )
Tk 24 e 1) R W T 72k oA S 4 T
ORI S B, T HL BN b B R Rk B
A BEHLEEN, PRt bR 5 v A e — S SR BR A
BAAS 2 TR AT ST A A 2 M ) B/ NS, B
A 20 TR A 3 2 TR A A R A2 i 2 i AR ol
PRI V& o 03 TE O N LR AN T R, T LATE R
A i
Bacteria : [
on the surface

}

[=mar=]
Agarose™.\ ==
96-well plate
E D
Pathogen: Staphylococcu aureus =
B0 g e eport r
Antibiotic  Susceptibility P g
Oxacillin ~ Resistant ofr
Clindamycin Susceptible

A TICRT 3 7K b Wb AT T 20 T A K R oy SR
SRR, X HAEGE M) AST Jr vk B B
MR 5—T5 T, BT RUSUR AT DLk A
WL AST Frifs R AN, PRI R s 4 s 1
YR FR I ]

X, ARG EE TR A: R BEAE AT 1Y
W IE A RKIE B, Bt T — R TR v I for
TE BRI AST, & 1 s, ZEAS IR
WP RENT, HETE 96 L3RR 3k
T A ARA A o il e BRI, TR AR R
P& ARG it o R 8 — BB ROAT V& 1Y T
AL T 58, AT A/ e iR 22 o i b 3 Ao i
AT RIOGF B 221G PH P A 2= GV 25T AST
i, JFFE 2 h PN B I B R B (minimal
inhibitory concentration, MIC),

S
Temperature control

C

& 0h
A

7

/ ;
P - :orithm
A / 3

,/.'/.,.- ?

Rapid AST report

Time

2h

Time-lapsed imagine

1 FREMEFENRERANRIEER A Hadls B: BHETT & C: W BRI EdE4E. D:

Tl il v BN [E] 22 AR A AR AR B PR AST 4l ity
Figure 1

The schematic process of in-situ microcolony time-lapsed imaging (ISM-TLI) technique. A: Sample

preparation. B: Imaging under a microscope. C: Recording time-lapsed imagines. D: Microcolonies growth

curves over time. E: Rapid AST report.
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Table 1 A summary of the strains included in this experiment

RS P 3Id 2% LG PR /B
Bacterial species Source Gram-positive/Gram-negative
SO EERE ATCC 29213 P o4 T PR
Saphylococcus aureus ATCC 29213 Standard CLSI strain Positive
BRI ATCC 29212 P B R A PR
Enterococcus faecalis ATCC 29212 Standard CLSI strain Positive
SRR AL T ATCC 27853 P 4% FAYE
Pseudomonas aeruginosa ATCC 27853 Standard CLSI strain Negative

R A P A AR 0 9 4 R TR e R 73 5 ok BRI
Oxacillin-susceptible Saphylococcus aureus Clinical isolate Positive

R A PG RS 245 46 € 7 2 BR TR i R 73 185 ke PR
Oxacillin-resistant Saphylococcus aureus Clinical isolate Positive

P SR R ORI 2 PR T i A 73 5 B
Levofloxacin-susceptible Pseudomonas aeruginosa Clinical isolate Negative

Zr AR IR B T 24 R S A P T e AR 73 15 ok B
Levofloxacin-resistant Pseudomonas aer uginosa Clinical isolate Negative
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Figure 2  Differential morphological changes of Saphylococcus aureus ATCC 29213 under gradient

concentrations of oxacillin. The same number corresponds to the same colony. The MIC measured by BMD was
0.125 0 pg/mL.
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Figure 3  Algorithm processing of in-situ microcolony time-lapsed image.
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4 TRIKEXFWAKT., TRIFEERNERBERTIKE ATCC 29213 EFA—HEKIEEESE
A: TPUAEZR, 1h.B: LHiAER, 2h C: TP Z, 3h.D: 0.062 5 ug/mL ZEBEPEHK, 1h. E: 0.062 5 pg/mL
ZRIMEPEAR, 2h. F: 0.062 5 pg/mL ZMEPEAK, 3 h. G: 0.125 0 pg/mL ZEMEPEAK, 1h. H: 0.125 0 ug/mL KM
Pk, 2h.1: 0.1250 pg/mL ZEMRPERK, 3h.J: 0.250 0 ug/mL ZEPEPEHK, 1h. K: 0.250 0 ug/mL ZKME PGk,
2h.L: 0.250 0 pg/mL ZKMEPHAR, 3 h. M: 0.500 0 pg/mL ARMEPEAR, 1 h. N: 0.500 0 pg/mL PR, 2 h. O:
0.500 0 pug/mL ZEMRPEHK, 3 h.

Figure 4 Under different concentrations of oxacillin antibiotics, histograms of normalized growth level of
Saphylococcus aureus ATCC 29213 colonies at different time intervals. A: Antibiotic-free, 1 h. B:
Antibiotic-free, 2 h. C: Antibiotic-free, 3 h. D: 0.062 5 ug/mL oxacillin, 1 h. E: 0.062 5 pg/mL oxacillin, 2 h. F:
0.062 5 pug/mL oxacillin, 3 h. G: 0.125 0 pg/mL oxacillin, 1 h. H: 0.125 0 ug/mL oxacillin, 2 h. I: 0.125 0 pg/mL

oxacillin, 3 h. J: 0.250 0 pg/mL oxacillin, 1 h. K: 0.250 0 pg/mL oxacillin, 2 h. L: 0.250 0 pg/mL oxacillin,
3 h. M: 0.500 0 pg/mL oxacillin, 1 h. N: 0.500 0 pg/mL oxacillin, 2 h. O: 0.500 0 pg/mL oxacillin, 3 h.
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Figure 6 The proportion of colonies with doubling areas in-situ changes over time. Each test was performed in
triplicate. The solid line is the mean of the three sets of parallel results, the error limit is less than 7.53%. A:
Saphylococcus aureus ATCC 29213 with different oxacillin concentrations treatment. B: Staphylococcu aureus
ATCC 29213 with different clindamycin concentrations treatment. C: Enterococcus faecalis ATCC 29212 with
different clindamycin concentrations treatment. D: Enterococcus faecalis ATCC 29212 with different rifampin

concentrations treatment. E: Pseudomonas aeruginosa ATCC 27853 with different levofloxacin concentrations
treatment. F: The accuracy of classification results corresponding to different thresholds at 2 h.
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JEILEH 2 h BIMEA 20%H FAEdrLk & F 51
MIC, B 2425 Fx REZH i B 7 A 4K E A /= F 20%
mF, BB K BN T 20% 0 e AP AR 2k
YER MIC., it , L % BE AT B 6A Hi
il 4 B €0 8 40 R B A K B ROR R P AR AR &R
WREN 0.125 0 pg/mL, SFEREEMIFR A MIC 45
-,

L1 6 AN A AST 45285 S (3% 2)75 28 1
T, SRR E IR I MIC 45 S5k
AR MIC 25 50— 3, W i CLST 4575
PRI, 200 AT 2 2 B 0 o 22 G B R R A 2
B R 243

24 @RS EEREREN

AHIEFE 77 W Fe 2R H AR I ARAEAS |, [
W, 2T SR I DR 43 B B R O VR A T IRIE
TR 1 AR e P AR SRR 4 B (M A BRI L 1 B
R PG BRI 245 9 4 B A A A BRI | 1 R A RS
FAUR A SR B L 1 PR A R R T 25 Y
) 2 Al B P 4 I RAEAS TR AR o 3 I R 50 4
PRAE B2 Be et Al B 55 , P60 00 2 PN 92 D O ol
FARIG A 21T (2 1x10° CFU/mL).

et AR A 1 D 57 T BT 7 E B AR B A, %o
I PRAT B RRDEA TR o AnTE] 7 B, FEdiAE Rk
JEART MIC B, G PR3 BSHRTE 0-3 h B4 KA
B, T AR AR A o 1 E R . B
7 WA R AR B AR R R D R TR
V7 AT W A — b AR AR B AT e 1

Gyl 4 B R 2 28 TR 1 < TH FRAR S
() TR V% L BE R B AR T i P 1 L aniEl 8 Firs .
HAE 2.3 5 R S AR, 2 h 20%79
{EAE NS E, T 25 SRk T 58, 5
THCEE NV BRI (0 25 SR AT X (3R 3).

*x2 ERRGEERSSEREFIEIRERER MIC EXTEE
Table 2 Comparison of MIC values of standard CLSI strains by ISM-TLI algorithm and gold standard method

PSS PiAE#R IS AR SR MIC TR MIC CLSI #§ MIC

Bacterial species Antibiotic MIC from ISM-TLI (ug/mL) MIC from BMD (ng/mL) MIC from CLSI (ug/mL)

SR EMEIRE ATCC R ik 0.1250 0.1250 0.120 0-0.500 0

29213 Oxacillin

Saphylococcus aureus LA X 0.1250 0.1250 0.062 5-0.250 0

ATCC 29213 Clindamycin

FIMIRE ATCC 29212 pitkEE = 4.000 0 4.000 0 4.000 0—16.000 0

Enterococcus faecalis Clindamycin

ATCC 29212 FIHEF 1.000 0 1.000 0 0.500 0—4.000 0
Rifampin

SRS ATCC AR E  2.0000 2.000 0 0.500 0—4.000 0

27853 Levofloxacin

Pseudomonas aeruginosa

ATCC 27853
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Figure 7 Time-lapse imaging of oxacillin-susceptible Saphylococcus aureus and frequency histograms of
normalized growth level in colony area at oxacillin antibiotic concentrations of 0.125 pg/mL and 0.250 ug/mL.
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MR PRI 24 46 3 (A AT BRI, C: AR 19 20 S0 R A PR SR VD 2 R 2 (B B M B D e AN [ 32
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Figure 8 The proportion of colonies with doubling areas in-situ changes over time. Each test was performed in
triplicate. The solid line is the mean of the three sets of parallel results, the error limit is less than 9.30%. A:
Oxacillin-susceptible Saphylococcus aureus with different oxacillin concentrations treatment. B:
Oxacillin-resistant ~Saphylococcus aureus with different oxacillin concentrations treatment. C:

Levofloxacin-susceptible Pseudomonas aeruginosa with different levofloxacin concentrations treatment. D:
Levofloxacin-resistant Pseudomonas aeruginosa with different levofloxacin concentrations treatment.

®3 ERBGEESEREREFIBTRIGK 7 B E K MIC EXTEE
Table 3 Comparison of MIC values of clinical isolates by ISM-TLI algorithm and gold standard method

Il PR3 25 1k PiAR SEI R B R MIC i FEIL 1 MIC e PR 5 225 23

Clinical isolates Antibiotic MIC from ISM-TLI (ug/mL) MIC from BMD Clinically reported
(ng/mL) results (pg/mL)

R YRR S W A BRTE RMRPEAR 0.25 0.25 0.25

Oxacillin-susceptible Oxacillin

Saphylococcus aureus

ORI Y BRI 24 4 B (A AT ER >4.00 >8.00 >2.00

Oxacillin-resistant
Saphylococcus aureus

Ao R U S PR B A SR R 0.25 0.25 <1.00
Levofloxacin-susceptible Levofloxacin

Pseudomonas aeruginosa

Fr AR FRD B T 245 5 2 A1 P T 4.00 4.00 4.00

Levofloxacin-resistant
Pseudomonas aeruginosa
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