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Abstract: Bacteria which have resistance to multiple antibacterial drugs (multidrug-resistant strains) have appeared
recently, which is becoming a global issue. Recent studies have shown that morphological features of bacteria can
be altered in the resistance-gaining mechanism. Our final goal is to clarify relationships between drug resistance and
morphological alternation. Morphological features tend to emerge in the shape of a cell wall, a granule, and so on. It
is, however, difficult to extract a feature from a cell wall which is blur in many cases. Furthermore, the appearance of
bacteria captured by a transmission electron microscope (TEM) is greatly different even in a same strain. This differ-
ence is caused by the process of making samples. In this paper, we propose an approach for the classification of TEM
images of multi-drug resistant strains based on patch aggregation. In the training phase, patches extracted from TEM
images are fed into a convolutional neural network (CNN). In the test phase, the confidence scores of a patch is ob-
tained by the trained network, and then the class label of a TEM image is predicted by aggregating the scores of patches
extracted from the image. We conduct experiments to demonstrate the effectiveness of our approach and achieved a
high classification accuracy of TEM images. To investigate strain-specific features, we perform clustering of patches
based on the output of a intermediate layer in the trained CNN, and demonstrate differences in morphological features
among strains.

Keywords: multidrug-resistant strain, transmission electron microscope, morphology, convolutional neural networks,
clustering
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Table 1 Differences between strains
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Fig.1 Examples of granules, periplas, and bleb image
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Fig. 2 Electron microscopic images of each strain
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Fig.3 Flowchart of the proposed method
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Fig. 9 Patch classification network
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Table 3 Average Classification result of patches
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Fig. 12 Part of P patches whitch are classified as ENX2

13 IEf#HYENX2 TP LI NIy FO—H
Fig. 13 Part of ENX2 patches whitch are classified as P

DRy FOEEGERD L. 7T BOHS (4096 RT) 12X
LT, EEAA/IIZE > TIREHEHIKL-05, ki
HBIZEB T TAR) VT RITD. ST L ITHRL, B2
CIREMRENTWE B2 5NE72), 75 AZEUX 1S
L7z, ZUT, 27 ARFLEET — X L OFMOFH
JiEa—2 Uy NEHEHHALZ. 75 AXV VT %TFo
TAER, REORDNNY FREEEFD I TAZRBE LN
2. BTV IARIZEENDIHROEEEZR 14 1IR8F. M
TIDERFIFIIIAREZEEEZRLTEY, MTIT7DFD
BEITEEN EDZEEEEXLTVS. DAFTI, &#A
HFD57 7 AXDFEHBIZOVTHRRS,
PHR%EENSE T TAX ILIZOVWTHRS, B 15 1%
JIARNIZEBEENBERY FO—HEEFLIZEDTH
5. 75 AXIITERY 75X R4 &8y
FHREFSTWSE, LEER->T, B R) TS ZAALNP
ORI EZ2oNG. i, VI5AXRZELTIFTARGIT
EPARWRLEEETNTVEN, 75 AX 3 IRIREDTE N
MERE>TWE Ry FNEL, 7IAXR 6T AREL
Ny FDLWV, LoT, REOENME L ZAH P ORHH
ELTHEIhTWEEEZLONE. BOT, REIFE%E
T L ERTAEEL Ry FERINT S Z L2 HETT 5.
ENX1 2 77%% 5327 5 A& 1012200\ ThR~3%. E16
X7 T ARX 10 ICEENE NNy FO—HEHRMLZEDT
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Fig. 14 Rate of strains included in each cluster

B15 Z77A% 11 O—# B16 27 A% 10 D
Fig. 15 Part of cluster 11 patches Fig. 16 Part of cluster 10 patches

2PN
e

B17 75AX20— 18 277 AX 9 D—if
Fig. 17 Part of cluster 2 patches  Fig. 18 Part of cluster 9 patches

19 772X 14 D
Fig. 19 Part of cluster 14 patches

Hb. 7I7AX10ITX, 2L EL Ny F &, FHhiz
EERVAELZ IOy FOMEREENSE. BERS,
ENX1 ORi e LT, ki MERROZOBEZ 51D
ENX2 3 94% LA L% LB 07 T AR 2IZDVWTIHER 3,
H17E7 7 AR 2IZEGFNBE RNy FO—HEHRRELEZE

DTHB. MHDIZTAZRELBEELE IR FREE 5
TW3, IN6D7 T ARIZEE /8y F I3k #I1F &
AEBERY, BOPRAMNED Yy FTHB. 272U, 4
R 5 ED L TVWEHEDEBATWEEDDMHNE E
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NTVWBDT, MERRBEIHEbhTHNEEHDD, 4t
JEABATVENE I DEHEDFRBINTVAREVD T
BWhrEEZLND.

ENX3 2% G0 T ARIIER D BN, YOI I AR
BMEMIXEI U 572728, 7T ARXQIZDODWTIHRRS, &
TAR9DHND 90%% ENX3 B FHTW5. K18 1X7 5
ARYIZEENBE RN FO—HERRLIZEDTHS. Z
DI SARIZEENTVWAB N Y FONERIFRITTHD,
B2, ko T, MEOAEDTR P kAR S U Tl
IhTwdeEzohD,

ENX47381%% 5327 5 A X 141200 ThRR3%. E19
W27 I AR 4 IZEENEIRNyFO—HTHE. ¥H5D
7T AZZEIEDRH Ny FAEENTE D, EHROH
5H5DLBNLODOMANGENT W, ABOIIKRE R
TENX4 72 U7-DTiEhnwheEZ NS,

5. 8HYWIC

ARESCTIE, HEHAIMMEES & REORREZMHT %
Z ez HID, EREE RS A TR & N7z
PRZHBANT 27-0DFEEREL 2. BEMSEmG» S 1)
DHEINE Ry FOHAEE LT, BRRAA=2—T )
*v b7 —2 (CNN) ZH\Wz. CNNIZX b ESND Yy
FIZNTBEAATERELEDLES I TSz BT 5.
REFEOENEEFTMT 5720 3 DEILAMEEETV,
Xy F N DSEYIREE T 0.847, EIREATTIX 0.983 %K
U7z, £72, CNNOH &y FOR#EEE LTI S
AR VT RIT, BRRICREEIN 2R 53 ORFE & il ATz,

SHOMFEE LT, ABOERS L CEEICE T 5 /8
VAR THZENBITONS. £z, MOEFNIHT S
AR D fEA o, SEFNME S 12 8 3 I D W TR
LR EVELLRPETHS.

6. HtEE

AWLED—ERIZ, KBCKREE - & VST EfR%ERT S E A
- HEFERFSEILR T FEED 7 T A A B B [E R A
HOXEEZITTEBINE Uz, LK EHEL £T,
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