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Panh gia hiéu qua cla &rng dung Al trong phan tich két qua khang sinh
dé phwong phép Kirby-Bauer so véi phwong phap do truyén thong
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Tém tat

Dit van dé: Phuong phép Kirby-Bauer |a ki thuat phé bién dé dénh gid dé nhay khang sinh cda vi khuén
dua trén dudng kinh ving (rc ché. Tuy nhién, viéc do thu cong tiéu t8n nhiéu thei gian. Ung dung tri tué nhan
tao (Al) cho phép tw déng hod quy trinh phan tich hinh anh, giam thi€u yéu t& chd quan va nang cao hiéu
suit. Déi twgng va phuong phap nghién ciru: Nghién ciru dwoc thyc hién trén 608 anh khang sinh d6 cua
ndm loai vi khuin thudng gép: Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella
pneumoniae va Acinetobacter baumannii. Mi dia c6 4-6 khang sinh, anh chup béng dién thoai théng minh
trong diéu kién &nh séng tiéu chuan trong hdp chup anh DDr box. D liéu thu dugc dwoc phén tich bdi mé
hinh Al nhan dién nhan khéng sinh va do duwdng kinh viing tc ché, so sanh véi két qua do thl cong bang
thwéce ki thuat. Két qua: Al dat dé chinh xac nhan dién nhan khang sinh [an dau ~97%, tang l1én ~99,6% sau
khi tinh chinh (fine-tuning). D6 chinh xac trong do dwéng kinh viing (rc ché nhin chung kha cao, nhung van
ghi nhén sai léch & mot s& trudng hop chéng 18n vong vo khuan hodc bién gidi khéng rd. Thoi gian x{ Iy trung
binh cta Al thap hon dang ké so véi do thl céng. Co ché két hgp “Human-In-The-Loop” (HITL) gitp phat hién
s&m va giam thiéu sai s6. K&t ludn: Viéc &rng dung Al trong phan tich khang sinh d6 Kirby-Bauer cho thay tiém
nang nang cao hiéu qua chan dodn, tiét kiém thoi gian va giam sai sét so véi phwong phép thi cong. Két hop
HITL va tinh chinh mé hinh I3 giai phap quan trong nhdm duy tri tinh chinh xac, d6ng thdi mé rong kha ning
trién khai trong cac don vi xét nghiém.

Tir khod: tri tué nhdn tgo, Human in the loop, tinh chinh, Kirby-Bauer.
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Abstract

Background: The Kirby-Bauer method is a widely used technique to evaluate bacterial antibiotic
susceptibility based on the diameter of the inhibition zone. However, manual measurement is time-
consuming. The application of artificial intelligence (Al) allows for the automation of the image analysis
process, minimizing subjective factors and enhancing efficiency. Material and Methods: The study was
conducted on 608 antibiotic susceptibility images of five common bacterial species: Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Acinetobacter baumannii.
Each plate contained 4—6 antibiotics, and the images were captured using a smartphone under standard
lighting conditions in a DDr box. The collected data were analyzed by an Al model that identifies antibiotic
labels and measures the inhibition zone diameter, with the results compared to manual measurements using
a technical ruler. Results: The Al achieved an initial accuracy of approximately 97% in recognizing antibiotic
labels, which increased to approximately 99.6% after fine-tuning. The accuracy in measuring the inhibition
zone diameter was generally high, although some discrepancies were noted in cases with overlapping zones
or unclear boundaries. The average processing time of the Al was significantly lower than that of manual
measurement. The integration of a “Human-In-The-Loop” (HITL) mechanism helped in early detection and
minimization of errors. Conclusion: The application of Al in Kirby-Bauer antibiotic susceptibility analysis
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demonstrates the potential to improve diagnostic efficiency, save time, and reduce errors compared to
manual methods. Integrating HITL and fine-tuning the model are key solutions to maintain accuracy while

expanding deployment in testing laboratories.

Keywords: Artificial intelligent, Human-in-the-loop, fine-tune, Kirby-Bauer.

1. DAT VAN PE

Phuong phap Kirby-Bauer 1& mot k§ thuat phé
bién trong vi sinh 1am sang dé danh gid dé nhay
cam cla vi khuan véi khang sinh. Doc két qua cla
phuong phap nay dua vao viéc do duong kinh vung
trc ché& vi khuan xung quanh dia khang sinh trén moi
truong thach, tir dé xac dinh mdc d6 nhay cdm cla
vi khuan d6i vdi tirng loai khang sinh, hd tro bac st
IAm sang lwa chon khéng sinh hiéu qua nhat trong
diéu tri [1]. Hién nay da c6 nhiéu hé théng ty déng
phan tich k&t quad nhay cdm khang sinh nhu Vitek 2
(bioMérieux) va BD Phoenix (BD Diagnostic Systems)
gilip cai thién t6c dd va do6 chinh xdc clda xét nghiém,
nhung phuwong phap Kirby-Bauer van 1a lwa chon
phd bién tai cadc phong xét nghiém cé ngudn luc han
ché, d3c biét & cac qudc gia dang phat trién [2]. Diéu
nay chd yéu do chi phi dau tu ban dau va yéu cau
bao tri cla cac hé théng tu ddng thudng cao, trong
khi phuong phap Kirby-Bauer cé chi phi thap, dé
thue hién va khdng doi hoi trang thiét bi phirc tap,
gilip nhiéu phong xét nghiém cé thé tiép can va trién
khai dé dang. Méc du don gidn va hiéu qua, phuong
phép nay doi hdi thai gian va su chinh xac trong viéc
doc két qua, dic biét khi s6 lwgng mau 16n. Phuong
phap do thd cdng trong thir nghiém khang sinh d6
Kirby-Bauer cé nhiéu han ché&, bao gdm sai sé do con
ngudi, do 1ap lai kém, tén thoi gian va khé do chinh
xac cdc vung trc ché phirc tap. Cac ky thuat khang
sinh d6 (KSP) tw dong hoda c6 thé khic phuc duoc
cac han ché nay, dic biét 1a &ng dung Al, dé nang
cao d6 chinh xac va hiéu qud trong phan tich khang
sinh d6 [3,4].

Trong nhitng nam gan day, tri tué nhan tao
(Artificial Intelligence -Al) da duwoc ng dung réng
rai trong y hoc, dac biét |a trong phan tich hinh anh
va dit liéu. Cac thuat todn hoc sau (deep learning)
va mdy hoc (machine learning) d3 chirng minh tiém
nang trong viéc ty dong hdéa quy trinh phan tich két
qud khang sinh d6, giup gidm thiéu sai sét do con
ngudi va ting tdc do xt ly [5,6]. Al cé thé phan tich
hinh anh vung (¢ ché vi khudn mét cach chinh xac,
doéng thoi dy doan két qua dwa trén cac md hinh
duoc hudn luyén tir dit liéu trong dataset. Mac du
tiém nang 1&n, viéc &ng dung Al trong phan tich
khang sinh d6 van gdp nhiéu thach thirc. Dau tién,
chat lwong dir liéu hudn luyén 13 yéu té quyét dinh

hiéu qua cla mé hinh Al. D liéu khdng déng nhat
hodc thi€u chinh xac c6 thé dan dén két qua sai l&ch.
Th hai, viéc tich hgp Al vao quy trinh 1am sang doi
héi s dau tw vé cong nghé va dao tao nhan luc. Cudi
cling, cac van dé vé dao dirc va phap ly, chdng han
nhu trach nhiém khi xay ra sai sét, cling can duwoc
xem xét [7].

Trong cac bdo cdo truwdc day, nhom nghién clru
d3 dé xuat cdc moé hinh may hoc cling nhu xay dung
céng cu phan tich hinh anh két qua khang sinh d6
phuwong phdp Kirby-Bauer tai dia chi https://amr.
ai.vn [TKTK mdi cta nhém]. Cac nghién ctu ban
dau nham danh gia mat sé tiéu chi trén dir liéu mau
thir nghiém. D& danh gid hiéu qua cla ¢ng dung
Al trong phan tich khang sinh d6, cac nghién clru
thuong ap dung nhiéu phuwong phap toan dién.
Trudc hét, két qua do Al duva ra duwoc so sanh véi
k&t qua tir phuong phdp truyén théng do ky thuat
vién thyc hién théng qua cac chi sé nhu dd chinh
xac (accuracy), do nhay (sensitivity) va do dac hiéu
(specificity). Ngoai ra, thoi gian x&r ly cha Al ciing
dugc danh gia dé xac dinh kha ndng ting tdc do
phan tich so v&i phuwong phap thd céng. Bén canh
do, kha ndng tich hop cla Al vao hé théng hién cé,
chang han nhu két n8i véi hé théng quan Iy dit liéu
phong xét nghiém (LIS), cling 13 yéu t6 quan trong.
Mrc d6 chdp nhan cla ngudi dung, bao gobm ky
thuat vién danh gid thong qua khdo sat hodc phong
van dé hiéu rd tinh dé st dung va do tin cay cta Al.
Cac nghién cru cling can kiém tra hiéu suat cda Al
trén cac bd dir liéu da dang, bao gdbm nhiéu loai vi
khuan, diéu kién nudi cdy va khang sinh khac nhau,
dé dam bao tinh ng dung rdng rai. Cudi cung, viéc
danh gia chi phi trién khai so véi lgi ich mang lai,
cling nhu d6 6n dinh va kha ndng mé réng cua Al
trong méi trudng thuc té, 1a nhitng yéu td khodng
thé bd qua. Nhitng phwong phap nay gitp dam bao
Al khéng chi chinh xdc ma con thuc té€ va hitu ich
trong phan tich khang sinh do6 [8]

Nghién cttu nay nham ddnh gid hiéu qua cla tng
dung Al trong phan tich két qua khang sinh d6 bing
phuong phap Kirby-Bauer so vdi phwong phap do
truyén théng. Cu thé, nghién ctru sé tap trung vao so
sanh d6 chinh xdc va thoi gian x ly gitta hai phwong
phap, phan tich cac yéu t& dnh huwdng dén hiéu qua
cla Al trong phan tich khang sinh d6.
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2. D01 TUQNG VA PHUO'NG PHAP NGHIEN CU'U

2.1. Ddi twong nghién ciru

Nghién ctu s& dung két qud thir nghiém khéng
sinh @6 ky thuat dia thach khuéch tan cla cic bénh
nhan xét nghiém tai khoa Vi sinh, Bénh vién Trudng
Pai hoc Y-Duwoc Hué. Dt liéu gbm 608 anh két qua
khang sinh d6 cla 5 loai vi khudn gay bénh phd bién,
cu thé& 270 &nh khéng sinh d6 trén Escherichia coli,
156 anh khang sinh d6 trén Staphylococcus aureus,
98 anh khang sinh d6 Pseudomonas aeruginosa,
19 anh khang sinh dd Klebsiella pneumoniae va
18 anh khang sinh d6 Acinetobacter baumannii.

Cac bo khang sinh thlr nghiém trén céc chung vi
khuan duoc st dung theo huwdng dan Bo Y té va
theo quy trinh thao tac chuan (Standard Operating
Procedure-SOP) cta Khoa Vi sinh, Bénh vién Truong
Pai hoc Y-Dugc Hué. S6 lugng khang sinh dat trén
mot dia thach kich thwdc 90mm 13 4-6 khoanh gidy
khang sinh. Hinh dnh thu nhan bang camera truwdc
cla dién thoai thdng minh véi dia khéng sinh d6 dat
trong thiét bi DDr Box. Hinh anh cé dé phan giai tdi
thiéu 2560 x 1440px, dwoc chup trong diéu kién dnh
sang LED trang duoc cung cap bdi thiét bi DDr Box
(Hinh 1).

Hinh 1. Thiét bj DDr Box sir dung dé tao mdi trudng chup anh bang dién thoai di dong két qua khang
sinh d6 phuwong phép Kirby-Bauer st dung trong nghién ctru.

Dir liéu két qua khéng sinh d6 d6i chirng dé danh
gia do chinh xdc dwogc xuat ra tir phan mém quan ly
phong xét nghiém (LIS) cda Khoa Vi Sinh, Bénh vién
Trudng Dai hoc Y-Duwoc Hué.

2.2. Phuwong phap nghién ctru

Thiét ké nghién ctru: Thiét k& nghién clru md ta
cat ngang.

Noi dung nghién ctru:

Nghién ctru thu thap dir liéu dé danh gia cac
tiéu chi do chinh xac, do6 dac hiéu, hiéu suat tir ltc

bat dau doc két qua dén phién giai két qua trén 2
phuong thire: sir dung Al va phuong phép truyén
théng do bang thudc ky thuat calliper.

Ky thuat vién do bang thudc calliper: Tién hanh do
dudng kinh vung (rc ché (inhibition zone), nhan biét
nhan khang sinh, ghi két qud do dwéng kinh (mm) va
nhap dit liéu vao hé théng LIS (Laboratory information
system). Thai gian thue hién duoc tinh tir luc bat dau
do dén luc ra két ludn nhay cdm (S), dé khang (R) va
trung gian (1) ciia moi loai khang sinh (Hinh 2).

Hinh 2. Quy trinh doc va phan tich két qua khang sinh d6 truyén théng.
A: doc nhan khang sinh va do dudng kinh ving (rc ché bing thuéc calliper. B: ghi két qua do tirng loai
nhan khang sinh vao phiéu tién trinh. C: nhap dudng kinh vung Grc ché vao ding tén khéng sinh
trén hé thng LIS dé cd két ludn nhay cdm (S), dé khéng (R), trung gian (1).
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K§ thuat vién s&r dung trng dung tich hop Al hd tro phan tich két qua: chup anh, phan tich két qua tu déng
va cd gidm sét, ra két qua cudi cung. Dt liéu phién giai khang sinh st dung APl cia WHONET 2024. Quy trinh
thao tac hoan toan trén dién thoai thong minh dugc mé ta tai hinh 3.

A B

Hinh 3. Quy trinh chup anh va phan tich két qua khang sinh d6 bang ¢ng dung Al.
A: chup dnh bang dién thoai thdng minh véi dia khdng sinh d6 d&t trong DDr Box. B: Nhdp thdng tin xét
nghiém gém loai vi khuan, m3 bé&nh nhan, bénh pham.
C: phan tich va phién giai két qua gdm tén khang sinh, k&t luan nhay cam (S), dé khang (R), trung gian (1).

D@ liéu nhan khang sinh, duwong kinh vung vo
khuan va két luan s& dugc thu thap dé danh gid do
chinh xac, d6 nhay va do chinh xac khi dy doan duong
tinh clia phuwong phédp cé sit dung Al. Thoi gian thuc
hién trén tirng khang sinh, trén tirng dia két qua va
trén mot 16 két qua s& dugc ghi nhan va lwu trir dir
liéu dé tinh hiéu suat cha cla tirng phuong phép.

Accuracy (P6 chinh xac)

TP+TN

Accuracy = ———
Y = TprTN+FP+EN

Trong dé:

TP (True Positive): Dy doan dung trwdong hop
thyc sy dwong (positive).

TN (True Negative): Dy doan dung trwong hop
thyc sy am (negative).

FP (False Positive): Dy doan sai trwdng hop thyc
sy am.

FN (False Negative): Dy doan sai trwong hop
thyc sy duwong.

Sensitivity (D6 nhay)

TP

TP+FN

Sensitivity =

D6 nhay thé hién kha ndng phat hién ding cac
trwong hop duwong tinh (positive) trong tat ca cac
trevong hop duong tinh cé that.

Precision (D9 chinh xac khi dw doan dwong)

TP
TP+FP

Precision =

Precision thé hién trong s8 cac trudng hop duogc
mo hinh dy doan la duong tinh, cé bao nhiéu trwong
hop thyc sy duong tinh.

Fl-score: 13 trung binh diéu hoa gitra Precision
va Sensitivity, dwoc khuyén nghi sir dung khi can can
bang ca hai chi s6 va/hodc khi c6 sw mat can déi
gitra s6 lwgng dit liéu dwong va am

PrecisionxSensitivity

F1=2X

Precision+Sensitivity

3. KET QUA

3.1. Chirc nang Human-in-the-loop va tinh
chinh (fine-tuning), tai huan luyén dir liéu

Trong khi phét trién &ng dung Al, chung t6i d3
két hop chirc ndng Human-in-the-loop (HITL) cung
céc ky thuat tinh chinh (fine-tuning) va tai huan
luyén di¥ liéu d3 trd thanh yéu t6 then chot dé€ nang
cao hiéu qua va dé tin cay cla hé théng. HITL ddm
b3o sy tham gia truc tiép cla ky thuat vién trong
qua trinh dao tao, giam st va diéu chinh mé hinh,
tr d6 t8i wu hda két qua théng qua phan hdi chuyén
sau. Trong khi do, fine-tuning cho phép tuy chinh
md hinh tién hudn luyén trén tap di¥ liéu cu thé, tai
huén luyén lai giup cap nhat di liéu m&i méi hodc
stra 16i hé thong. Su k&t hop nay khdng chi cai thién
d6 chinh xac ma con thich &ng linh hoat véi cac tinh
hudng thyc té, dic biét trong Iinh vire doi hoi tinh an
toan cao nhu y té€. Hinh 3 md ta céc chirc nang giam
sat dit liéu ty ddng nhan dién va dé xuat dir liéu thay
thé cling nhu lwu lai di liéu vao tap dataset dé tai
huén luyén.

Trong nghién ctru ching t6i chi st dung ban dau
42 loai nhan khang sinh cla céc céng ty cé thuwong
hiéu duoc s dung & nhiéu phong xét nghiém. D&
dadm bao hé théng tu hoc théng qua dit liéu clha
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nhiéu phong xét nghiém thi chirc ndng bd sung dir
lidu d3 xay dwng va thao tac dé dang trén dién thoai
di déng hodc may tinh dé ban. Chirc ndng nay gém
cac budc chinh sau (hinh 4):

- Budc 1: hé théng ty dong dé xuat s6 lwong
khoanh gidy khang sinh, nhan khang sinh, vung (rc
ché& va duwong kinh vung e ché.

Adjust Detection

- Budre 2: hé théng HITL dé xuat chinh slra thong s6:

+ Nh3n khédng sinh: KTV c6 thé nhap di liéu mai
hodc I8y tir co s& dif liéu co san.

+ Pudng kinh ving (rc ché: thay déi kich thudc
dudng kinh (mm) dua trén cdng cu tang gidm dudng
kinh (fine-tuning).

- Buwdc 3: lvu dit liéu va lwu dit liéu chinh sira vao
dataset.

Select Language | ¥ HTaikhoin - ?

1.2x Q

Image Fi&2N
Select object type to adjust detection info 'y < ) FOS 200 6
ey
AB Disk B Zone 'S VZA
et cPs 734
Radius: Ak # From List
e (Manual Input ) CZA 50 721
== — Diameter 7.41 mm
- Disk Radius: 87px Save to dataset
Center nosition _ 7nna Radine 10Rnv
Home Search Data Account Home Search Data Account Home Search Data Account

Hinh 4. C4c thao tdc gitip KTV tham gia diéu chinh két qua tw dong nhan dién cua Al,
Iwu trir di¥ liéu phuc vy tai huan luyén mé hinh.
3.2. Kha ning xac dinh dwéng kinh viing trc ché cla Al so véi ki thuat vién
M6 hinh Al duoc sir dung dé xac dinh vung (rc ché va khoanh gidy khang sinh. Tir khoanh gidy khang sinh
thi viing &rc ché sé& 13 hinh tron déng tdm vdi khoanh gidy khang sinh. M6 hinh tinh toan ndi suy dudng kinh
vung trc ché dya vao hang s6 1a dudng kinh khoanh gidy khang sinh 1a 6mm. K&t qua st dung Al trong dit liéu

nghién ctru dugc thé hién & Bang 1.

Bang 1. K&t qua xac dinh dudng kinh viing (rc ché bing Al so vdi ki thuat vién.

; o Két qua Puwéng kinh A Khac biét
Vi khuan Anhlz(se;qua twong dong twong dong (K> hf:r::f‘t) thay dai
KTV* (<1 mm) - két luan**
E. coli 235 214 1237 (83,6%) 242 53
(91,1%) (16,6%) (3,6%)
S. aureus 126 115 464 95 22
(91,3%) (83,0%) (17,0%) (3,9%)
P. aeruginosa 98 91 470 37 15
(92,9%) (92,7%) (7,3%) (3,0%)
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K. pneumoniae 19 14 136 82 54 17
(73,7%) (60,3%) (39,7%) (12,5%)

A.baumannii 16 14 105 83 (79,0%) 22 12
(87,5%) (21,0%) (11,4%)

Téng cong 494 2786 2336 450 119

*S6 Gnh khéng c6 tét ca dwong kinh viing vé khuén khdc biét #1 mm
** Vling trc ché cé dudrng kinh sai géy khdc biét vé két ludn: nhay cdm, dé khdng, trung gian

Bang 1 so sanh két qua khang sinh d6 (KSD) gitta
hé théng Al va danh gia cta k§ thuat vién dua trén
dudng kinh vung (e ché. Céc chi s6 dwoc trinh bay
bao gbm s6 lwong mau theo tirng loai vi khuan, ty
& “két qua twong dong” trong viéc phan loai nhay
cam/dé khang, s6 liéu dinh lugng vé vung (rc ché
(bao gdbm s6 mau cé duong kinh twong déng trong
khoang +1 mm va s6 mau ¢ sy khac biét vuot qua
+1 mm) cling nhu ty 1é cic truong hop sai léch da
I&n dé thay d6i két luan. Nhin chung, ty 1& tuwong
ddng cta két qua KSD gilra Al so véi ky thuat vién
& muirc kha cao d6i vdi hau hét cac vi khuan (trén
90% d&i vdi mdt sé ching nhu E. coli, S. aureus va
P. aeruginosa), trong khi ddi v&i K. pneumoniae ty 1é

nay gidm xudng chi khodng 73,7%. Ngoai ra, sy nhat
quén vé sé liéu do dudng kinh ving trc ché ciing dao
dong, vai ty 1& mau cé chénh léch <1 mm kha cao
& mét s8 ching (dén 92,7% & P. aeruginosa) nhung
thap hon dang ké & K. pneumoniae (60,3%), dan dén
ty 18 sai léch thay d6i két luan cao nhat & ching nay
(12,5%). Nhitng s6 liéu nay chi ra rang trong khi hé
théng Al cé kha nang téi hién két qua cta ky thuat
vién & da s6 truong hop, thi van ton tai mot s han
ché khi dp dung cho mét sé loai vi khuan nhat dinh.

Dt liéu hiéu chinh cta nghién ciru dd phan loai
cac nhom nguyén nhan dan dén sai léch duang kinh
vlng e ché so véi KTV do bang tay. Cac y&u té anh
huwéng va s6 liéu duwoc thé hién & bang 2.

Bang 2. Cac nguyén nhan gay sai léch két qua do bing Al.

Cac nguyén nhan Al do

$6 lwgng vung vo khuan cla tirng loai vi khuan sai léch so véi KTV

sai dwong kinh (>1mm) E. coli S.aureus  P.aeruginosa K. pneumoniae A. baumannii
Hinh anh vling trc ché 152 20 29 36 8
chdng nhau

Cé vi khuadn moc 32 0 0 3 5
trong vong (rc ché

C6 hinh anh vong 38 34 3 5 0
rc ché€ mer

Vung e ché cé viing 0 22 0 3 6
bién gi¢i han khéng ré

Hinh anh bi béng mo 20 19 5 7 3
Téng cong 242 95 37 54 22

Tl s6 liéu Bang 2 cho thay nguyén nhan va tan
suat gdp cdc sai s trong viéc tinh todn dudng kinh
vung vo khuan kha da dang. Trong qua trinh danh gia
d6 chinh xac ctia mé hinh Al khi xac dinh duong kinh
vling (rc ché, téng cdng 450 trudng hop sai s6 d3
duogc ghi nhan & nam loai vi khuan (E. coli, S. aureus,
P. aeruginosa, K. pneumoniae va A. baumannii). D&
liéu cho thdy ndm nhém nguyén nhan chinh gay ra
sai s8, bao gdbm: (i) hinh 3nh viing rc ché chdng nhau,
(ii) ¢ vi khudn moc trong vung trc ché, (iii) vung trc

ch& mo (fuzzy ring), (iv) vung bién gidi han khéng rd
va (v) hinh dnh bj bong md. Trong s6 nay, vlng (¢
ché& chdng chéo nhau chiém ty 18 cao nhat (245/450
trwdng hop, twong duong 54,4%), ti€p dén |a vong
rc ché mo (80/450, chiém 17,8%) va hinh anh bi
béng me (54/450, chiém 12,0%). Cac 16i con lai, nhw
vi khuan moc trong vong (rc ché (40/450, 8,9%) va
bién gidi han khéng rd (31/450, 6,9%), tuy chiém ty
I& thap hon nhung cling cé thé anh hudng dang ké
dén qua trinh nhan dang va do dac cda mé hinh.
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¥ o

Hinh 5. Cac hinh anh vung (rc ch€ mé hinh Al nhan dinh chua chinh xac.
A: c6 vi khuan moc trong vong (rc ché. B: vung trc ché chdng nhau. C: khoanh gidy khang sinh
c6 anh bong mo. D: khéng xac dinh rd vung trc ché. E: ving bién ving (rc ché khong xac dinh rd.

Xét theo tirng loai vi khuan, E. coli c6 s6 trudong
hop sai s6 cao nhat (242), phan anh ca tan suat thir
nghiém 1&n 1an kha ndng phét trién lan rong, dé
gdy hién twong vong (¢ ché€ chdng 1an. Tuong tu,
S. aureus (95) cling thuwdng gap sai sot, dac biét la &
hai nhdm vong mo va vung bién gidi khong rd. Trong
khi d6, P. aeruginosa (37) va A. baumannii (22) ghi
nhan s& mau sai sét it hon, song van cé cac 16i dic
trwng lién quan dén vong trc ché mo hodc béng mo
do diéu kién chup anh. K. pneumoniae (54) dang chu
y Vi €6 ty 1& vong (rc ché& chéng chéo tuong déi cao,
gdy khé khan cho mé hinh Al khi xac dinh ranh gidi
riéng biét cla méi dia khang sinh.

Nguyén nhan chinh cla cac sai sét nay cé thé
xuat phét tir nhiéu yéu t6. Thir nhat, viéc b tri dia
khang sinh qua gan nhau trén moéi tredng nudi cdy
hoac téc ddo moc nhanh cla vi khuan dan dén hién
twong vong G ché chong 1an, gay nhiéu cho thuat
todn xac dinh dudng vién. Thit hai, chat lwvgng moi
trwdng thach, dd 6n dinh cla qua trinh chuan bi
mau, cling nhw d3c diém ting trudng cla vi khuan
6 thé dan dén vong &rc ché me hodc cé khuan moc
rai rac bén trong vong. Thi ba, diéu kién chup anh
khdéng t6i wu (dnh sang khéng déng déu, 16a sang,
hodc hién twong béng mo) lam mat do twong phan,
khi&n Al khéng thé tach bach ranh gidi vung rc ché
(hinh 5).

3.3. B9 chinh xac nhan dién nhan khang sinh

Trong nghién clru ching téi da sir dung céc két
qua khang sinh @b tir 5 chlng vi khuan. V&i phuong
thirc thye hién dinh danh va khéng sinh d6 song
song ap dung trong mét sé trwdng hop, ching t6i da
st dung 42 loai khang sinh khéac nhau tir céc 2 cong
ty 16n va phé bién Liofilchem (Teramo, Italy), Oxoid
(ThermoFisher Scientific, Hoa Ky). Ngoai ra chuing
t6i cling thir nghiém cac khang sinh tir céng ty Nam
Khoa (Tp H6 Chi Minh, Viét Nam). M&i loai khang sinh
c6 tir 1 dén 2 nhan thuong mai khac nhau. Trong do,
céc khang sinh thudc céng ty Nam Khoa (Tp. H6 Chi
Minh, Viét Nam) dugc sdn xuat khac tiéu chuén cla
cdc cong ty khac trén thé gidi. Dir liéu cho thay cé
2711/2786 (97,3%) cac nhan khang sinh da duoc xac
dinh thanh coéng. Trong dd, 11 (0,39%) nhan khong
phat hién do nhadn dia petri hodc cdc nguyén nhan
khac che khudt nhan khoanh gidy khang sinh. 64
(2,3%) s6 nh3n khéng thé doc lan dau st dung do
tap di¥ liéu hudn luyén. DAy la cac khéng sinh thudc
céng ty Nam Khoa vdi cac nhian gobm Ak, Ac, Am, Bt,
Cm, Cz, Pt, Th. Cong cu gan nhan khi s dung giup
cac KTV ty gdn nhan cho cdc khéng sinh mdi, luu
trir vao bo dir liéu va téi huan luyén mé hinh Al. Sau
khi phan tich lai mo hinh dit liéu mdi thi toan b 64
nhan khéng sinh d3 nhan dién ding (Bang 3).
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Bang 3. Dt liéu sai léch khi xac dinh nhan khang sinh bang mé hinh Al.

S6 nhan nhan dién

Nhin khang sinh  Anh khoanh gidy M3 code . o - ”
STT thwong mai khang sinh WHONET Tén khang sinh :‘al’lech cAhu'a tai
uan luyén
1 AK 30, Ak r “ AMK Amikacin Ak: 9
2  AMC30, Ac F"_ "\; AMC Amoxicillin/ Ac: 6
: Clavulanic acid
3 AMP 10, Am K';“ AMP Ampicillin Am: 13
\* 4
4 AMS 20, SAM 20 SAM Ampicillin/ 0
Sulbactam
5 ATM 30 r iy ‘ ATM Aztreonam 0
6 Kz30 r Ki""ﬁ Cczo Cefazolin 0
I 30 '
7 FEP 30, Cm r\Wwr= FEP Cefepime Cm: 6
(\LL\% ;Luau
(Y| NF
8 CTX 30 - CTX Cefotaxime CTX 30: 2
S
g
9 (CTC40,CTL40 i | CTC Cefotaxime/ CTL 40: 2
%Q’J Clavulanic acid
10 FOX 30 D FOX Cefoxitin 0
QO
be
11  CPT30 E CPT Ceftaroline CPT 30:2
12 CAZ30,Cz [ CAZ Ceftazidime Cz:3
12y =4
X’
13 CZA 50 m CZA Ceftazidime/ CZA 50: 4
' <P Avibactam
14 CAL40 CAL Ceftazidime/ CAL 40: 2
Ceftazidime/
Clavulanic acid
15 CRO30 @ CRO Ceftriaxone 0
16 CXM 30 CXM Cefuroxime CMX 30: 1
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17 C30 CHL Chloramphenicol 0
18 CIP5 E cIp Ciprofloxacin 0
]
19 CLR15 E CLR Clarithromycin 0
20 CD2,DA2 05, “‘ 8:‘ CLl Clindamycin 0
21 DO 30, DXT 30 DOX Doxycycline 0
F\L;%‘ @ yey
Sy
22 ETP10 ; ETP Ertapenem 0
Y
g
23 E15 m ERY Erythromycin 0
3
-
24 FOS 200 FOS Fosfomycin 0
25 CN10,GM 10 o GEN Gentamicin 0
‘%(
26 CN120 GEH Gentamicin-High 0
27 IMI10, IPM 10 ,a IPM Imipenem 0
o
28 LEVS5, Lv LVX Levofloxacin Lv: 8
29 LNz 30,LzD 30 LNZ Linezolid 0
30 MEM 10, MRP 10 [?\a MEM Meropenem 0
31 MN 30, MH 30 MNO Minocycline 0
& 0%
ap RL
32 MXF5 MFX Moxifloxacin 0
33  F300 NIT Nitrofurantoin 0
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34 NOR10 ; NOR Norfloxacin 0
| =Y}
X
35 OXx1 r B | OXA Oxacillin 0
A _d
36 P10 PEN Penicillin G 0
37 TZP 110, Pt r)n TZP Piperacillin/ Pt: 12
2% Tazobactam
A
38 TE30 @ TCY Tetracycline 0
39 TTC85, TIM 85 r ‘ TCC Ticarcillin/ TIM 85: 3
% J Clavulanic acid
40 TOB10,Th 4 [Soh TOB Tobramycin 0
/O<9 =
41  SXT 25, Bt l,i SXT Trimethoprim/ Bt: 7
‘tBt} Sulfamethoxazole
M Tra
42 VA30 VAN Vancomycin 0

Két quad nhan dién nhan khang sinh tir hinh anh dia khang sinh d6 dugc phan tich dwa trén bén chi s6
chinh: (1) D6 chinh xac téng thé (Accuracy), (2) D6 nhay (Sensitivity), (3) D6 dic hiéu (Specificity), va (4) F1-
score (dé danh gia can bang gitta d6 nhay va do6 chinh xac). Badng 4 tém tat cac chi s6 thong ké vé kha ndng
nhan dién nhan khang sinh cia mé hinh Al so v&i nhan thuc té.

- T6ng s6 nhan khang sinh can nhan dién: 2786 nhan

- Al nhan dién ding nhan [an dau: 2711 nhan

- Sai nhan (I1an d4u): 75 nhan

- Al nhan dién cung HITL (Human In The Loop): 2786 nhan (tirc 100% dung sau khi co KTV hiéu chinh)

- Al nhan dién khi da dp dung Fine-Tuning: 2775 nhan dung, 11nhan sai
Bang 4. Chi s6 danh gid hiéu nang nhan dién nhan khang sinh so vdi k§ thuat vién

Al (chwa str dung

Chisé Fine-Tuning) Al + HITL Al + Fine-Tuning
True-positive 2711 2786 2775
False-negative 0 0 0
False-positive 75 0 11
True-negative 0 0 0
Accuracy ~97,3% 100,00% ~99,6%
Sensitivity 100,00% 100,00% 100,0%
Precision ~97,3% 100,00% ~99,6%
F1-score ~98,6 100,00% ~99,8%

Do trong bai todn nay chi cé hai két qua “ddng” = 0), nén chi s6 “specificity” khéng xac dinh. Két

hodc “sai”,

hoan toan khéng xuat hién trwdng hop  qua théng ké cho thay Al (chwa Fine-Tuning) dat d6

am tinh gia (FN = 0) cling nhu am tinh thyc sy (TN chinh xac (accuracy) khoang 97,3% (twong duong
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2711/2786 nhin dwoc nhan dién ddng), tirc van con
75 nhan bij sai. Nguyén nhan chd yéu xuat phat ti
viéc nhan bj che khuat nén hinh anh khoanh gidy
trong cac truong hop nay Al kho phan biét.

Khi k&t hop Al v&i HITL (c6 ki thuat vién kiém
tra va chinh stra khi can), toan b6 2786 nhan déu
duoc nhan dién chinh xac (accuracy = 100%). Day la
phuong phap thudong duoc dp dung trong giai doan
van hanh, gitp khic phuc hoan toan cac 16i con lai;
diéu nay dac biét quan trong khi yéu cau tinh chinh
xac tuyét déi cho cac irng dung trong y té.

Sau khi dap dung tinh chinh (Fine-Tuning), Al ty
déng nang ty 18 nhan dién dung 1én dén gan 99,6%
(twong dwong 2775/2786 nhan), chi con 11 nhan sai.

K&t qua nay cho thay tiém nang cai thién dang ké cla
mo hinh khi dugc hun luyén thém vai dir liéu dac
thu, déng thoi giam bt dang ké cdng strc can thiép
thd céng cda k§ thuat vién. Tuy nhién, trong mot s6
trudng hop nhan in qua m& hodc chat luvgng kém, Al
van cé thé nhan dién nham; do dé, co ché kiém tra
hodc xac nhan tir con nguoi van duoc khuyén nghi
cho céac tinh hudng quan trong, nham dam bao tinh
chinh xac t6i da.

3.4. Danh gia hiéu suat va thoi gian phan tich
két qua khang sinh do

Thaoi gian thuc hién phan tich két qua khang sinh
d6 bang ca 2 phuong phap duoc do dac va ghi nhan
két qua.

Bang 5. So sanh thai gian hoan thanh phan tich két qua cla 2 phwong phép.

Tiéu chi

Do thl cong bang thudrc

Ung dung Al + HITL

Thoi gian trung binh do dia 5 khdng sinh
Thoi gian trung binh do 10 dia (phut)
Sai s6 udc tinh (mm)

60 - 75 giay 20 giay
12 - 15 phat 3 -4 phat
+0,5-1,0 mm +0,5-1,0 mm

K&t qua cho thay, &ng dung Al trong phan tich dia khdng sinh d6 gitp rdt ngdn ddng ké thoi gian so véi
do thi cdng. Thay vi mat vai phat, Al chi can vai gidy dén dudi mot phat dé x&r Iy méi mau va tu dong luu
két qua. Piéu nay nang cao nang suat, giam sai s6t do con ngudi va gitip ky thuat vién tap trung vao cac cdng

doan quan trong khdc, cai thién hiéu qua va chat lwvong xét nghiém.

4. BAN LUAN

K&t qua nghién ctru cho thay viéc &ng dung tri
tué nhan tao (Al) trong phan tich khang sinh do
phuong phdp Kirby-Bauer khéng chi dap (ng yéu
cau vé do chinh xdc ma con rut ngdn déng ké thoi
gian thyc hién xét nghiém. Méac du ty 1é sai s6 do
dudng kinh vung &c ché & E. coli, S. aureus va P.
aeruginosa twong doi thap, song van ghi nhan ty lé
sai léch dang ké khi ap dung cho K. pneumoniae va A.
baumannii (Bang 1). Diéu nay cho thay sy can thiét
cla viéc hiéu chinh md hinh Al hodc 4p dung co ché
can thiép thd cong (human-in-the-loop, HITL) dé kip
thoi phat hién va slra sai cic trwong hop ngoai lé.
M6 hinh Al dat d6 chinh xac nhan dién nhan khang
sinh gan 97,31% & lan chay d4au, nhung khi két hop
v&i HITL d3 khac phuc toan bo 16i (100%) va khi tinh
chinh (fine-tuning) mé hinh, ty 1& nhan dién ding tw
dong nang 1&n 99,60%. K&t qua nay khang dinh tam
quan trong clta hai chién lugc: (i) s& dung HITL dé
kiém soat chat lwong va diéu chinh kip thoi nhitng
16i phirc tap va (i) ap dung quy trinh huan luyén bd
sung (fine-tuning) véi dit liéu dac thu, gidp gidm
dang ké sy phu thudc vao can thiép thi cong [9,10].
Khai niém “Human-in-the-Loop” (HITL) dé cap dén
cach tiép cdn ma con ngudi dugc tich hop vao vong
I&p ra quyét dinh cla Al. Thay vi dé hé théng Al hoat
déng hoan toan ty déng, bac si va nhan vién y té

tham gia vao cac budc quan trong: gidm sat dau ra
cla Al, xac nhan hodc hiéu chinh két qud, va cung cap
phan hoi dé cai thién hé théng. Muc tiéu ctia HITL 1a
k&t hop thé manh ctia Al (xt Iy nhanh, phan tich mau
phtrc tap) vdi ki€n thire va kinh nghiém cda chuyén
gia. Trong linh vire y t&, didu nay rat cé y nghia nhdm
dadm bao an toan va chat lwong [11]. S dung HITL
khéng chi gidm sat ma con déng gép vao viéc cai
tién Al. Théng qua phan hoi lién tuc (vi du: bac st
danh gid két qua dy dodan cda Al 1a dung hay sai),
hé théng cé thé dwoc huan luyén bd sung dé hoc
tlr nhirng sai [am. M6t s6 hé théng cho phép bac st
didu chinh tham s6 hodc ngu®ng canh bdo cho phu
hop voi thuc tién. V& mat dit liéu, sy tham gia cla
con ngudi cling quan trong trong gan nhan dit liéu
huan luyén: hang triéu dnh y khoa can dugc chuyén
gia chu thich chinh xdc dé day cho Al, day chinh I3
qua trinh human-in-the-loop & giai doan phat trién.

M6 hinh Al phan tich khang sinh d6 cé thé mat
chinh xac khi ap dung tai cac phong xét nghiém khac
nhau do dich chuyén mién (domain shift) — su khac
biét vé thiét bi xét nghiém, diéu kién nudi cdy, va mé
hinh khang thuéc theo khu vic. Vi du, hinh anh dia
khang sinh d6 cé thé khac biét vé d6 twong phan,
kich thudc vung rc ché, anh hudng dén kha nang
nhan dién cla Al. Do d6, can tinh chinh (fine-tuning)
md hinh bang cach huan luyén thém trén dit liéu noi
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b cla tirng phong xét nghiém véi téc d6 hoc thap.
Qua trinh nay gitp diéu chinh trong s6 dé€ Al nhan
dién chinh xac hon vung trc ché trén dfa thach trong
diéu kién thyc té [12, 13].

Sy k&t hop gilta Al va HITL trong phan tich
khdng sinh d6 cling ddng thoi gidi quyét bai toan
vé tinh linh hoat va khd ndng m& rong. V&i nhitng
trwdng hop nhin khang sinh khong phé bién hoic
anh chup thi€u chat lvgng, ky thuat vién (KTV) ¢
thé b6 sung di liéu va huan luyén lai (fine-tuning)
dé cai thién moé hinh. Céch tiép can nay dic biét
hitu ich cho cac phong xét nghiém quy mé nho hoac
chua cé d0 diéu kién trién khai hoan toan hé théng
ty déng. Thay vi doi hdi dau tu |&n vé trang thiét bi,
quy trinh nay tap trung vao nang cao chat lvgng dir
liéu va cai tién gidi thuat, tlr d6 gia tdng hiéu qua
chan doan va t8i wu chi phi. Hon nita, viéc rut ngan
thoi gian phan tich xuéng chi con khoadng 20 gidy
cho mdi dia khang sinh d6 (thay vi 60 - 75 giay khi
do thd céng) gitp tiét kiem ngudn nhan lyc dang
ké, tao diéu kién dé KTV tap trung vao céc hoat
dong khac nhw bao dam chat lwong mau, giai thich
lam sang, hodc phdi hop vdi bac si nham nang cao
hiéu qua sir dung khang sinh.

MOt s6 thach thirc van ton tai. Thi nhat, cac loai
vi khuan cé vong trc ché chdng nhau hodc hinh anh
mo& dé gay nham 1an cho Al, doi hdi quy trinh chuan
hoa viéc bé tri dia khang sinh trén mdi trudng thach
va kiém soat chat lwgng anh chup. Thi hai, trong
trwdng hop vi khudn moc 13n vao ving rc ché, mo
hinh Al thudng thi€u di liéu d§c trwng dé phan biét
ranh gidi, dan dén sai léch vé duong kinh dd lén dé
thay d6i két luan (Bang 2). Thi ba, xdy dung bd di
liéu da dang dé Al huan luyén |3 qué trinh t6n kém
va doi héi nhiéu thoi gian. Do d6, ngay ca khi ap dung
fine-tuning, sy tham gia chl dong cua KTV qua mé
hinh “Al + HITL” van rat quan trong dé duy tri mirc do
tin cdy, déng th&i bdo ddm mé hinh cé kha nang cap
nhat lién tuc trong b6i canh vi khuin va khang sinh
da dang [14]. Nham khac phuc va gidm thiéu cac sai
s6 nay, can tdi wu dong thoi ca yéu té ki thuat phong
xét nghiém va phuong phap x{r ly anh. Vé phia phong

xét nghiém, cé thé bé tri dia khang sinh cach nhau
hop ly, bdo ddm 4nh sdng va géc chup nhat quéan,
cling nhu kiém soét chat lvgng moi tredng nudi cay.
Vé phia Al, can xay dung va hun luyén mé hinh véi
b dit liéu da dang hon, phdn dnh day d0 cac trwong
hop thuc té€ (vong chéng chéo, vong md, bong mo,
v.v.), déng thoi tich hop co ché nhan dién hodc canh
bdo chat lvgng anh trudce khi do dudng kinh ving
rc ché. Nhitng cai tién nay s& nang cao do chinh xac,
dong thoi giam thiéu sai léch trong chin doan va lua
chon liéu phap khang sinh .

Nhin chung, Al két hgp véi HITL va fine-tuning
d3 cho thay tiém nang I&n trong viéc tu déng hod
va nang cao hiéu qua phan tich khang sinh d6 Kirby-
Bauer. DU van con nhi*ng han ché vé chat lwong hinh
anh, tinh phirc tap cta tirng loai vi khudn va chi phi
xay dung dir liéu, két qud nghién clru nay goi mé
huwdng tiép can mdi, giup t6i wu hod quy trinh xét
nghiém vi sinh 1dm sang. Diéu quan trong la duy tri
chién lugc phdi hop “con ngudi-may” nham khong
ngirng cai tién dé chinh xéc, téc d6 va khad ndng rng
dung réng rai cha hé théng Al trong bdi canh dé
khang khang sinh ngay cang tr& nén phurc tap.

5. KET LUAN

Nghién clru cho thdy &ng dung tri tué nhan tao
(Al) trong phan tich khang sinh d6 Kirby-Bauer cé
tiém ndng nang cao do chinh xac va rut ngan thoi
gian thuc hién so v&i phuong phap th( cong. Két
hop co ché “Human-In-The-Loop” (HITL) va quy trinh
tinh chinh (fine-tuning) gitp gidm dang ké sai sét,
déc biét & cac trudng hop vong e ché phirc tap. Gidi
phdp nay m& ra huwdng &ng dung rong rai trong 1am
sang, gop phan kiém soat tot hon tinh trang khang
khang sinh.

LO1 CAM ON

Nhém nghién ctru xin glri 1& cdm on dén Khoa Vi
Sinh, Bé&nh vién Trwdng Pai hoc Y-Dugc Hué da tham
gia hd tro nghién ctru nay. Pay la mot phan két qua
cla dé tai KHCN cdp Dai hoc Hué m3 s6 DDH2024-
04-208.
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