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Abstract

Bovine mastitis remains a major chronic inflammatory disease that affects dairy productivity
and poses substantial economic and welfare challenges to dairy farming. The disease
compromises both the quantity and quality of milk, elevates culling and replacement rates,
and also increases overall management and veterinary costs. The major bacterial agents
involved—Staphylococcus  aureus, Streprococcus agalactiae, and Escherichia coli—are
responsible for a wide spectrum of infections, ranging from subclinical to acute clinical
forms. Although overt cases are readily recognized through udder inflammation and systemic
illnesses, subclinical infections frequently remain undetected without any diagnostic
screening. Traditional detection tools, including somatic cell counting and the California
Mastitis Test, have been complemented by modern analytical approaches such as electrical
conductivity assessment, thermographic imaging, ultrasonography, acute-phase protein
profiling, and molecular identification through PCR, qPCR, and MALDI-TOF mass
spectrometry. Recent advances in metabolomics, proteomics, and nanotechnology have
further broadened the diagnostic and therapeutic perspectives by identifying novel
biomarkers, resistance-associated genetic traits, and nanomaterial-based treatment options.
Comprehensive herd management, emphasizing pre- and post-milking teat hygiene,
environmental sanitation, and selective dry-cow therapyremains central to prevention. In the
future, sustainable control strategies are expected to rely on next-generation high-accuracy
diagnostic systems, reduced antibiotic dependence through immune-based or natural
antimicrobial strategies, and genomic selection programs that enhance host resistance for
long-term herd health.
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FEe Y Al2"] 343 gQlo] BeFAog 2Rgsh= tha 9l (multifactorial) BF
4 Agko g, s ARlolA 71 2 BAIR £4S Zefohs 4 A3 F sfuolcH1-3]. & Agke
Al 229 AFI 2 QIst B4 515k nESHE WslE EQA|ojx|H, oj= 4 W A
nES] gt 4po] WY 9 vho] Hhg AR olsfEct. YNbFoR o] =4 o] 7]Ho]
S AY sk o 3do] JRAEH.

FFteat canal)2 HYA ol gt 12} HojAdoz zkgatd, ] A8 7|53 I
g BHIEY 35 9% 38t 59], 4530 At (keratin) AR} A4 TEE
2 3=]0] 9lom, HlEold WY wol9] S4 9 A= FejA QlrH4l o] A5 YR XY
ofd, At whizo] PR Nmezt 714 o8-S YoA Auy 125 HYAY|1, E
FHoZ MRS 2 58S &AA AR &S FRtHB).

4 Yol E3E 21AR1 ) lysozyme), SEH I (lactoferrin), SEHZACHA|(lactoperoxidase) 52
HIEola A wo] It EAfshH, W] F4e Aol TS it oo} 3, mAE
(endothelial cells)f= HF 22 0=29] E7 W WL o5 2FoP, LAY =(oxylipidi= FAIE
T 288 IFetHel. S35 Hneutrophils 41 W 1R Holol 7S AF2 02 285 A=,
AR phagocytosis) 2t A1 At §-3-2 =335, 0], EZF tHAME(macrophage)2t AV
AE(dendritic celll= HYA 24, Al|EZIRI A4, Y A 715 Bl BT whe-S FE3HH7).

Eo|z WY kg EHois, A E THIE-BAIE w7 A4 HY(humoral immunity)©]
A wolof 7]ofgitt. o5 WA EE AEFIU(Ls), TYHARIA QTHTNF-a), ofo]FAR0|=
(eicosanoids) 5] AFP|E7RI(cytokine) #H[ot] AF ¥hE= 2 EZTHS]. o] =3t EA9] A
g BhS & lol= A5 Aot A Sl 2 FIFE vz fEEY] P P wS
ohfst, 5354 of A A8 (subclinical infection)ollARE 4 U4, A4, 55, 9 B4
A E B Aot 5 FHe W 348 BHoh= 34 BS(acute mastitis)7ZHA] H7F HTHIL

E3] 14k £5(high-yielding breeds)2 @50l T o, 714 Al 434 HAiZo] o It
= B7t oHel. #dE fAolAe I tiabE AstkeElo] pH, Wk, A7|AE%(electrical
conductivity, EC) 52| E2]s}5ty £/ Wkt dhA¥slar, thild 24 HSlFHAQL 74, 97 o
A g 37he A A, SEA U Zg T 74V UeRdTH10]. o]eh Mgk -2 9%
7} &2 B4 € 7K Aol 4% S A, A2 SuES A1 1A 9 d%h IE
£ Aol fRiti11]. Wsle] Axe 7 9wl Eqet £529] WS EXof et Aojsit.

AL ES W] 1 o Bel(preventive management)7F S41AoltH1]. B2FR]

o
ol AR 2t F13, Al &3 2], 771 8%(dry cow therapy), 2t A% 7 4% & THA]
HTS EeRH1) E 71411 AA] AAlR 1= A2 27] B2 9 AR i8S 713

Sk A4 ko= ZRERIH2]. Rolle 7 28o] 7ks3h FiE Ak AlA%k(point-of-care device)
9] IQXo] Z7slar glon, MY Q¥ (immunotherapy)d} WieAA)] 718F tiA] A& H(nanoparticle
-based therapeutics)o] YA AM8-S Foli= FI7 FHORE AAE L QIrH1,2,121.

b 2 FAoA = Za ] Xt Vi, BT HleleulA, o &2k HESE Alof 714, 12
I A Wgoll th3shr] figk oAl A= ol TRt A At S SEH R vEkkIel:

22
[ — [ —
1. 34 RUg 2 &4
TGS s F2olA 7FE tiEdQd BAl &4 89 § sz, 48 IA () 7+ B

J Dairy Sci Biotechnol Vol. 43, No. 4 | 239



Chon et al.

240 | J Dairy Sci Biotechnol Vol. 43, No. 4

g F4 Aot (i) A=-F4 B € 71 , (i) 7AA1S] AL 78 S5 TE
(culling) S71elA] HAYRICE AA= FHlS B 51 ’\V] Al S ol)of| ojof Zejo] =8 Y9l
o2 JEs] HarEeh AAA BlE-Z B7F die AR SAE ofye} o 240 tigt A&7
IG5l 28|18 IFo] QFEITH13].

ohet, & &4 o] ARsks 9§ 7H, A A E de- g 9 g Bl W A
7171} 733t 5 v W] Qs A dEbq 249 B840l At AR SHOAE H
FEY| 4P} Aigo] ZIHEY] A B RS LABTIsks HEol :

Ay Fes =9 1 A5 34 9=hZ Attt 9 #ES 1 2Aa A oF
29%, E1]9] oF 22%A =], ofAloK18%)2} oFE|7H12%)0ll4 = Tha 2 SF0 " Bl
EeH14]l BAA o SHOA FES 5 &4 oF 70%E dBtithe B4 = Stk
UAH oA £4 L AR TE- WA H-8(48%), AARF TA(34%), 7] —n—w(ll‘y) 71
2A8|(3%), ek 2| 2H](2%) O = ket W, T - A&l AFARF 4(72%)2 TH 9
F(25%)°] HlFo] =11, H7| 7 E At 59| AfH|A H[EL /\okq]xq_g "Hﬂr

‘6‘1-:,-]-;(-" /\]—_Q.EEJ,]-E_ o]z 0].1;]- I:H-Oﬂ,] oiﬂl:ﬂ- ;{]E 2o Aoz A]—_Q.Q_ o&-:,-]-;(ﬂL- lr_X]- Z] iﬂ ‘53-7-]—]1]
4H19] OF 60%-70%E AR, A #18 174F Hl-E Bl et XjolE Holw, 1334
o Y ] Bt oF 305 HOE FPY E1, IR B oF 195 9, 7IE HYAl= oF
149 Y o2 BEQrH15]. o o= 27] HEAY]) 30Y ol Y FHe vlE
of X4 oF 474 ol o oF 645 Yo & o IA AFFEIE FTH16L

AL £ SN, i DA wet A Fo] gEikin A 7] 42 0705 kg, 24
oJolME= 0-902 kgO &2 FAEA, Escherichia coli 78 399 4Y 97 &4 9k 35
kgO & HVEQITH2]. BatH R {9 7HA|Q) S AR OF 25% A4Asts, HUA o wet
Eo| g2} Streptococcus dysgalactiac= ¥ 20%, E. coli= °F 50% 247t TEEATH17]. YA
A = 7R FARe R 7l 497t Wot H7| vl8(AkEH]- A2H] ZLeho] T ARRF
Hawch o & A4 &4 -Pr‘?:l'% o= Qitk. E Yoyt ot Rl < Aol 714l
YAk Aotks st 74 &4o] AdE oldel olF 4= itk Aol S8sith ot HAUAE
ofd Fgo] A4t &40 ‘3] A= Ot Jole G- AfolA] LA SRIEA] kT

A2 AR AT 9FE o A 29 f-RolAe FATIEE(solids not fat)Tt
fol 7ask= Aol 31—7’-, 0}%%} 7 9 B9 Z4(90.5 mg/dL), ZE(151.6 mg/dL),
2719124.4 mg/dl), e-FELHVI(22.3%), f-SHEZEZEUB4.2%) 57} Boll v, UES
(91.9 mg/dL), F3F=(0. 14 g/dl), pH(6.69), LHH(G.6 g/dl), A4 (actate
dehydrogenase, LDH) 84(1524.0 1U/L), HHZ2E(26.8%)12 A53H= o] BE|9icH18].
QHH, Y HlwoA= F T A1) fofgt ol 7t TAE|R] oloron, Aus]| A5t AMES
(somatic Cell Count, SCC)7} SZ+491 AARF 4R AAHAE 23S AARP|E Aot

Lo, FAS YAIA ik AAE Hol 7 A& HelkE Qe #4- ]*" A AsE
shkelH, olo] WE A FE2 Tt §F &4 2RI gt 5 59 A He
733t 27] Ad AA, HLAE A5 23 BAE o ks 9t 24 2ol

ifn
%
ol)l
)1 S

I
rlr f”

E
0[1

:

= =
H2 F5ote Zlo] BeAolth. #Eel A4 Al 27 7qE(early detectlon)L @%4
MBS WASkL, ARs a8 W A S8 Faslsle H ARl 7S kg D).

o =
Jakst Ak A L9] Uz T (sensitivity) 2t E0] = (specificity)o]l 23] ZHHL}. WiEE
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Pathogenesis Management Diagnosis

1) Clinical forms 1) Farm management strategy 1) Physiological indicators

Clinical form: Redness, swelling, heat, Three-step framework: prevention — SCC (Somatic Cell Count)

and pain of the udder, accompanied by early detection — rapid intervention Gold-standard indicator for detecting
systemic signs such as fever and Accurate pathogen identification and subclinical mastitis

reduced feed intake. appropriate antimicrobial therapy are Typical threshold: 200,000 cells/mL
Subclinical form: Aimost no visible critical for successful treatment. Also used to select candidates for
external changes; mainly detected by 2) Milking and hygiene management Selective Dry Cow Therapy (SDCT)
an increase in SCC. Pre- and post-milking teat disinfection: CMT (California Mastitis Test)

2) Major causative agents Can reduce bacterial load by up to On-farm semi-quantitative test
Bacterial (primary causes) 75%. Low cost and rapid, with high
Staphylococcus aureus Udder cleanliness: Poor udder hygiene sensitivity and specificity in early
Streptococcus agalactiae increases the number of infected lactation
Streptococcus dysgalactiae quarters. DSCC (Differential Somatic Cell Count)
Escherichia coli Milker hygiene: Proper hand hygiene and Reflects the relative proportions of
Klebsiella pneumoniae the use of gloves reduce the spread of immune cells (PMNs and lymphocytes)
Non-bacterial infection. When combined with SCC, provides the
Yeasts: Candida, Cryptococcus, Prevention of overmilking: Automatic highest diagnostic predictive power

Rhodotorula cluster removers are useful to prevent 2) Microbiological diagnosis
Algae: Prototheca zopfii genotype |l teat damage. Culture (microbiological culture) - the
Non-infectious factors: Mechanical 3) Environmental and facility management only definitive diagnostic method
trauma, chemical irritation, and impaired Bedding management, ventilation, fly Enables identification of causative
immune function control, and regular cleaning pathogens and antimicrobial

3) Routes of infection Regular replacement and inspection of susceptibility testing

Contagious: Transmission between cows teat liners and milking equipment Sensitivity and specificity depend on
during milking (e.g. S. aureus). Control of viral diseases such as BVD sampling time, storage conditions,
Environmental: Originating from bedding, 4) Considerations for introduction of and duplicate sampling
soil, and water (e.g. E. coli, Klebsiella). Automatic Milking Systems (AMS) Detection performance varies by

4) Determinants of susceptibility Reports of increased SCC and TBC in pathogen (e.g. higher specificity for
Host factors: Immune status, age, stage the early phase of AMS adoption Streptococcus uberis and S.

of lactation, teat and udder Effectiveness varies depending on farm dysgalactiae)

conformation. management level and equipment 3) Multimodal diagnosis
Environmental factors: Housing system, maintenance SCC/CMT/DSCC — used for
hygiene level, season, nutrition. Establishment of standardized operating screening

Mechanical factors: Vacuum instability, procedures (SOPs) is essential Bacterial culture — used for
overmilking, and other milking-related confirmation

stressors.

Fig. 1. Comprehensive diagram of cow’s mastitis pathogenesis, management practices, and diagnostic methods. BVD, bovine viral diarrhea;
TBC, total bacterial count; PMNs, polymorphonuclear leukocytes.

A A9 HAE

PO U] WET BE, 3 9

24(false negative)& ﬂJ.é}BP‘ ]j—i

o, Eolrl vl MAIE 2408 HEs| FEE g5 = P (false positive)S
AXE oufglitt. webs] T AE HFgo] FAIE oo A= 4= Q= Xdo] 7]‘6‘01‘1:1'-

YH o 953 UG AhES
Fo| 1.5 v[Ro.2 Wolx|x] e 5L
et T3= A} 9l ofoJAF oHlAd

2t G AG Haslol FR3 9TL ek

=Sl Sol=rt 242 0.7-0.8 old=
o[ FARl 7IEo R ARl of=3t

3SRk, HUA 49 0P e

R}, o5

520 452 2%

o= R

= wheA) whstonA AR A7

1) STn LA 0IZE= &

2"
9] SCC= 1970dH] F4F o] % 24 74, 53| ofddE BAlsk= 7F 2l A==
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HEY ARHR, 7 W S5 A AANE T HINE S7H5 wrgettl, 2], SCCe AEA
719k £40] mEo|ARE AR} 4871 A B AL o YA 71N fAIE B4 Ve 8%t
A2t AH7E 2Rl QIH19]. ot -R9] o EH 2= QI 335t AT o, IEATY
92 QU] o8 B4 Aot Ak 4= Sloh SCC Wad AEHA, f BA, 29 A7)
S TRt A3 8219 RS wroH, AAIK threshold) 470 we} RIFE - Eolko] #30]
SEITH20l. RFAC R 200,000 cells/mL7t ot #E 7IEl®E AREM, AR
100,000-150,000 cells/mL HH7F AAECH21]. 200,000 71&0fA Af 25-E2qt 2% 27]
S97] U= 74 0.64, 0.69, 0.65, E°1%+= 0.66, 0.84, 0.93°0F H1E|11 ROC(receiver
operating characteristic) ®4o]A+ 29 g AUC(area under the curve) 0.74-0.75% %=
o] 7P #9TH19,22]. SCCe E3E A8id a4 A= (selective dry cow therapy, SDCT)2]
W 71Eo s S8EH, AARL 240l wet FABA ARl A kS mIXITH23,24].

2] Zyo} 84 AAKCalifornia mastitis test, CMT)= 98 U] DNA H&o] 2 Hx Ha}
£ ol8%t tixd Y AR, A8lE-HejAo] ot wgo| Aol A /o
Af A= A= 0.95-E0|% 0.86, 9 27]ofl= 97%E 0.79-50]% 0.95 E AUC 0.95%
5% o2 HAth 9ARE ‘SFY CE =oldH YiAE= 0.75, Eolk 0.50°2= #3lshH,
Hjo]Z|QF B4l A= BIZHE 0.95-50|% 0.770] =Tt 7 27] 15AA = v 71E W
A= 0.82-E0]% 0.810] AAETH25].

AFsANIESdifferential SCC, DSCO= SCC % TFM @ (polymorphonuclear leukocyte,
PMN)- HI0] vl etdlolo] HANRE g WHelE Rlodols A=, A5 27| A gAo -85t
TH20]. 2RFdao] wh #Esl 2470l PMN-tiAA|27E S7oke k& HRIrk DSCC T
71 SEA Lot 60%-80% Lol RIRIE 0.34-0.92, Sol& 0.58-0.88°] HiE3lY,
SCC(100,000-200,000)2} W3 Al WIFHE 0.97-50l% 0.922 Xt Feert IA d=|TH26,27].

I Rlofli= nPYESH Higfo] E4Zolw, MYl 24 SRy} A A HE AlBol
iAol PR -Bols MEY Al B HHA- S5 A3 offol wet & AJolE HRlrt. 2k
A MBS U= Staphylococcus aureus 0.91, CNS(central nervous system) 0.91, H]
-agalactiae streptococci 0.970|.04 &3 Fol= ZAsIH T, Eolk: 0.86-0.92(Fk A),
0.96-0.99(3+ ) HAgth e B 2 F& BED2 AUC- TRIE - B0 & FAIFT. A
¥ B2 W Fnterococcus spp. 0.25, S, dysgalactiae 0.73, Staphylococcus aureus 0.77
5O0= tFsi, B0l Streptococcus uberis?t S, dysgalactiaePlA 1.00°2 7 &3FH28].

TPH o & SCC-CMT-DSCCE 9] 7] 'A|- Ao §-&5t, nE v X1} 2|
& 2%l doAole). of2et ths Ae FHmultimodal diagnosis)q& 44 AT FLEE
1 FEOE [AISh: Ao R B,
A=

T Eo] F47|ehA(acute phase proteins, APPs)o] ZA §A4 FHE9] uio|QulA
(biomarken) & FEIL Qltt. APPs= GF Wk Al 7oA MdEl0] ERE WEEs dldZe
2, 9% 7I9ACIA HAMZ S35t 9 2A &4 B 3ol Hofdith wEEEEoIA 8
APPsE FEZZYl(haptoglobin), 8#oFd&o|= A(serum amyloid A, SAA), FEZLA
(fibrinogen), AlE2Z2tAT(ceruloplasmin) S22 424 JcH29].

34 E= 7 W APPs 5= SCCRF Alatard AL Axfel Fo55t AAE HolH, o] &
SAAC} FEFENE E5] A 7F7h 22 BAAE H7FETH30]. S W SAA= 9IFE 0.65-
0.77, ¥EI=HIZ 0.82-0.96, 4 HollAe 242 0.74-0.909] =7 HAEAL, Solee
Tl FReF At 240 wet 0.72-0.99 M= SRIEUTH29,30]. ol2iet A= APPs7F 4

2) BAIEs gt

113

=
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A AgollA =2 dS A5 AP 7 ARYS AL

TS 7HEfA I (cathelicidin)o] F & TR {48 954 EAAE A= Q. 7HdZAId
FEe SCC 733t 4o JTIAE Holw, I+t 9 184+ A9y F=ol= Fou|et
AolE YeERITHA1]. dl" A= AUC 0.78, T&E 0.76-0.98, E°]% 0.86-0.992 H1E o],
W2 ARRINE =2 94 FEEE |ASKITH30L ot fARH, C-HkeA wEE
(C-reactive protein, CRP} - Al@oA WZE 0.98, Eo|% 1.00°0&2 7F &2 A% Uer
wor, 5 AL oA FEZZH, S-FoPdEolE A(milk amyloid A, MAA), CRP, &
Exd(lactoferrin), e-ZELHFV(e-lactalbumin), 7F2Ad SE7} 4 7HA ] F-2lstA
A HEHAH32]. oI F CRP<9.5 ug/mL, HEHT>325 ug/mL, MAA<16 ug/mLe] UA
7S 5 E(classification tree) {40l 285t A7}, W4T 0.64, E°]% 0.91, LE%E 0.18,
AUC 0.84F H9loH, 53] Js vt 184w A= aFos 153 4= Qlqlth

ojAye] Axk= APPs7F ] 271 At 9 vl ZH¥(differential diagnosis)oll o9 -f-83t

S

AR BED 4 9SS AMRITE APP 7 B4 SOCU Al Hiokeet B2 whg4e Hojue,
T T4 EASH AT BB Y T4 242 489 TisAel

3) 21H 7IE2 8% YUY A= Ud

(1) H7|1HM==(electrical conductivity)

EC(mS-cm )2} A71AH(102)2 AF 558 A= Hitf] oA AgsiAet ARz 2| E2 2aE
o}, 2t A2 H (automatic milking system, AMS)oli= 9-3-2] &4 XX, SCC, ECE AA]
7+ E7ok= AlA7E EAIE 0] Stk ECe 97 Wi ol 20l(ES] Na', C) sl e, 85
A] 0] o] Z7I3| EC7F Al3ict. Bao] whEw A7 A 5.3, okt 5.75, Y4 6.73(mS em )
9] ¢S HYtH33l. E TR B85 >30 m2-cm '(BAD, 25-30(94), <25(F4)os AAlEh

QA 24 o A T A 2RG ook EC WSl B9 Staphylococcus aureus 2
Staphylococcus uberis +8 QAN & 55%F AAH R &R 4= i}, o] 43] {9
ol 5 H+ thH] EC 10% J5= o132 Aoty date] dat/do] ot vt ol 7|ofgtet.

2 AFolAE ECTRo2 AAF 80.6%, o4 45.0%, 17 74.8%9] ol =28 £, ]
g A5 Hd 39 A EC A5o= dard & USITH33]

ol FE S471=2 AHA B B H9 ECF ARSE 39 AUC 0.47-0.58, YIRE 0.40-
0.58, E°|% 0.47-0.9849 ¥5o] AtH34]. ol= F5, A4 B4, 2 5 & He, 7iAl
E4 G th84lo] EColl ¥ 571 WiZoloH34l. ol SHAE Hdstr] sl Agrdo] Aok
om, HF E= o SCC 4 7t EC Hl&Z Sl AUCTH 0.82-0.85, £°]&= 0.81-0.99,
7T 0.20-0.89% HAIHTH35]. #lo]A|9t A AISE A (Bayesian latent class analysis)S 2-&
St AUCT}H 0.912 AF5all 17 BPH(0.71)E 0 S<=3ict. E3F AMS HloJE|(thst Azt All
A AF)Z 8535 &3 recurrent neural network)2 AZo)A WZAE 0.68-0.90, E0]%
0.84F H3ItH36). AA| A8ollAe T8 AT HH| HAE 50| WolAe HE4 @io] IaE
Ao, 27] At A& 74 Al ©@50lgis A o] Esith ECe =2l 715 /4E
o] o} IR EEA Ago] glom, SCCHY] 343 A4/dH#E EC BYEPo| 7] 7144
Ao RS AARI

(2) XM F3|A(infrared thermography)
A4 F3PHinfrared thermography, IRT)} 4 A DAL vlAlgH Al 2= e H3t
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£ 2Z3 4 Qo] S Aol 3 2ETH37]. 1A ekt diandse AlshE 27
g2 Aol g, Eud 9EE 0.71-0.79, E°lk 0.72-0.78, AUC 0.812 vl & <=5t
Ao sfgeitt37]. &9 Wl wheh HF QARG 5 AF- 32.6°C, A5 2 33

0T H7F AAIESAL, AUCE 0.70-0.9001A4 HEHTH38]. s =0l 24 99 =3}
(AZEJo] 7|9t ROIlregion of interest] A&)7} "WZlo|tt,

EHE IRT 947 SCCY A2 &9 B4 0.87, 0.88, &7 EHE2 0.5
A5 @ AS7} SCCot Eo] WEES AARITH39L. that, Y& AtoflAf
&S AL o] o HiE QTS AlFol| = rH39]. Egt ¥HRN(Gram”/Gram) T
F22 Agkalolofa] ofMIRHIAS] 19l Thdols T ARSO] Athd x| vtk ghE, 3D 7k
A FHHE HA -7 HolHE 36 348 W artificial neural network,
ANN)- 222 372 BEAoHE, A4 34 AZE Wst 999 dEof| 7]odgte] AAI=ETHA40).
AR YA At 59 A o1F ASAHFFHdry matter intake)o] oF 1.2 kg ZAFHE= AT Qlo],
P At A5 IRTS A ohe thailA o] FgsttH40l.

o7 HIEo]
£ 9 94 st

.

(O8]

e

(3) =SIKultrasonography)

220 vAGH R §419] AA(parenchyma)¥t §-F 125 Al4sloto] o doto] =&
< FtHALL YA 5oy SCC AHAE Aol | Bk, FHeH Hale} 37 Brto] Bk AH
£ Agcke &&rh B fA2 AdRA-AAA S5k oZAY, IR TR
(anechoic)2& FEHTHA1]. EHA1L 972 WA FHkS o] w0 Huto g Eejyo]
o, 5352 74 A= Hlth

FdolA = LA - A 71700 wet 230 Ao gl ) I8 A 7tA
Fhog ZL 7107 29do| th o7 YeRIH, Arcanobacterium pyogenes 49 A7 -1 cm
9] 74 wyrio] Aol 2/ w&} o3 FA4Z BHel TEEHAL SCC F7Ht A5H FA-fF
O] 1T -/ oln]A] Aol 7. SH|EAE IR R A8 AEY 230 &

ul

aog mEstd mees 4y 340 YRS A9

2] 779 APHEC, IRT, 287PL 1344 Ad4olehe B8 24T, Uk Sole]
w5497} el 714 AP EAfteh WebA SCC-CMT-DSCC-FlAE wjel/ 22t 531 gk
UERY Aol 94 A8014 4 FeHol.

4) CHARHISE, CrHzix|st 2 7|E} HIO|0[AH

FF 799 Dol HAISHmetabolomics)¥ T A proteomics)> A5 271
& ohe} HelekA g9l FLi(differential etiology)dl® 7} E2] 849 7Fs40] & &
4 s g7

thARASE Aol WEH, A A A5 Y 24 FHoA HddEhd - HEA A A5t
Hdduhd - geid -olaRAl EF o - B EAl d ehild gy &4Jst 18y FYAlAl-- 5l A
-T2 3P4 S/t ERIE ). ESt Streptococcus agalactiae®} Prototheca spp. THS
H w3t 2y}, S24l- W d-FAl 3 Tae] obd wio] Ao wet Aolsieint. ©f yof
7F B9 A 4-85F9F B4t F 485 Aol W, AlE, E2A], wdYed(dr))a EHE, o]AaFA,
A", Z2H(E7))0] ol 9 dlSol AT 4= Q= M BARE A= ITHA2I.

E o2 HLOE, N-o9-4-D-2FFAYTHA(NAGase)2] S0 4 7|9to= 3 g3
FAo] 9Hled A% w2 ARKEIRICE NAGase:=AHg 270l 4-MUAGU-methylumbelliferyl-N-acetyl-

~

o
2

]
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B-D-glucosaminide) 2] 4-MU(4-methylumbelliferone) S ¥, oF= pH 7.5 34 &% pH 10
opdold o A=E ERItt 4F 4-MU= 347 nmolA A5 S5 S3& 5ol 5 715,
ol5 &l *F W NAGase &= 4% 4= ok &3 SCC= T8 38 =A= 5743 LDH
AT} folet o] ATEAE HAH43]. LDHE $99 AERZ ARES 49 AUC 0.61-0.88,
= 0.61-0.81, Eol& 0.56-0.87 MR 7t o] At 5ol Ea=UrH43]. NAGased]
A FARE 29 4] 58lo] &Il er, SCCet HEst 23 2d(combined model)o]
Az A5 BE=rt fofotA =

o= e - g1A] 719ke] Al Zdo] =L Qlet. oIS S0, AFEA Y dAt 7|8k
spshdsg B9 e bioluminescence) 718 1A% 7%, FEZEY AEE & U=9At
(gold nanoparticle) WAFAG HIANA, E= & T8 tha4] AelF(Ag-PSi) Fabry-Pérot 7H3A
£ o] &gt 1 &7 2t £33 (surface-enhanced Raman spectroscopy, SERS)2.& NAGase
S AFslor= W 5ol AQTEIRITH,2,44]. o3t V&5 I -AulE- 14 HAES BA
of 2L & U= AT B4 EHECE FEEH.

ShE, @4 o 27 9A] fA 459 AAA Blo|enA R B7RET SCC A5 & O
4 F2EY 5% 37 181 95T 5% 9 A/G HIE 749 UHs] AxEo] lth4s5]. o]
% k3ol % Tl M AR ARHNE REghE AlAtoln, Tl Ak FZ o o

Aot HiAL Hske] ddvEE 8 & T

oN X

ZEHOR, A B ZI8t vol onpAL 71 SCCv nIBE Hepd st e Aelet
B3} 27] A 7R B ARk oldfe FRe AEH el AF L fAA AL

T2 23 i FEe] 2] dS3 A Rl 7P &EE]l el 8 Ao= Ayt

A Y Ay} HeA Rl SdEA AHekE(polymerase chain reaction,
PCR) 70| 7FF g o]&=1 it o] 7|2 $FEHE £2H A DNA 248 ofzt
29 Y 14 AZ(direct detection)o= A& 7F551H, OF 4A]7F ool ATE A& 4= Utk
TS MALDI-TOF(mass assisted laser desorption/ionization time-of-flight) & 3 AA|
PCR(qPCRIquantitative polymerase chain reaction])# Z-2 Al Ex}3E5HY ZeiZo|
A 549 Bt A4S IA FIAFT46]. E5] MALDI-TOF= 28] #59] 4(genus)
9 F(species) - Aol ARGEH, 254 o SAHED =2 BEEN AFEE A5t
tH46]. THH, 4831 qPCR 7|Ex A2 253 A4o] 7hssta, vigfe] ofgE @714 Al &
uto] FEetAUmycoplasma) 49 HEO= F-&31c.

T o2t BA Ade] W Etstal, 7129 1HHA @Y AR R JiA 7 4
A AAE FE0] d&ok7] ot webA 144 A4 (genetic resistance) IAH 24} vt
F(molecular marker)S 5k, ol& vl HX A¥(marker-assisted selection) T 544
719k A(genomic selection)°ll &&ok= A77F Edo] AP=L ik

HT FE7t AAoA 4 = S B AR (quantitative trait loci, QTL)7F B EE| ek
A QTL dlo]efeolo] mpE2H[47], 20259 sEEZI(10€ 12%) 7I1E02 SCC, HXMIE Haxsomatic
cell score), & 3 TAHET IHH F 2,63371 QTLe] 5=l o, ofi= 307 A
9 XGAA| Aol Basic), olF HRE A3 EX(linkage analysis), QTL "*8(mapping), 121
4 fA A A9Kgenome-wide association study)®] B3 A& FEE|QICH4T.

Y 9 Y S99 A GAY7 48 (single nucleotide polymorphism, SNP)2] 4]
S0 A wokE FAYH. diE S0, Fnt gyt wE EPSI5LL, tAAE o5 H A
Aol Fofol= PDGFD, 9% 24 & PTX3 447 35 A4 92K candidate genes)Z

o &

N
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AAEIATH4S]. 57 SNPE 7IHEe= 3t 34 A2 & AldioflAf 3ol dieh WAld A
3E FIAE 7 U TR dIH o= BrREH49]. of=fRt R AeA SFEA Ald) 7
A4S 950kl A 8&S ARG HolA Su7t Ao

Tel= Eslal -F=(heritability) 143] AlREAQ] 8Rlo = AJAHn A WAl ~77] 4
FEAY F2E 0.02-0.03, 0% 7719 7%- 0.05% =9, 7t -FARE YIEH=(Canadian
dairy network)}i= OJEt} Ot & Q1 0.12F Easigint. &, 8 A W2 4 (low
heritability) @2l &35, T] 3 &7 2ASGKY, 2 58 2EAA, ¥ 9 ¥ T e
o wEb A e o e e e ) 7S aaba]l il AR Fidel Zissir

rr

6) F4Y HAXH I Xz X UcAx S8

HY 8¥(immunotherapy) At =4 @7 e} Zoold S83 A= it or A5t
At o] HHe] 4 ME2 w52 |y AAE s detsted, HeAY 1 ikt
AEEos AAY 4 A== U vl 23 (fine-tuning) St= Aol &, A, A, Al
E7IR1 9] MY 4 84E BT frieste] 5] Wol W SFAIe Aot #3d
oY o A2E R Wk Hoks WAl HF, T/B Al |98%, RNA 7N A&, S/dfdst
A 24, AlE7IRl 8%, E7IME A& Fo| EIHETH50]. oFz] WA AR 7]so] &Hs]
TFEEA Rk, Mz 2 R 3 HIANR ST o] X&Hos YEA|AL

(1) #M 718t HX(vaccine-based immunotherapy)

19609 o] % 39 oS EH= gt ofz] Alche] #ilo] 7tk AlgE|o] ZiH51]. o= TejHte®
A7} ofed e T2 £ col)), QRWITH Streptococcus spp.), REEATTHS, aureus) 5
< F9 30T St} AA A8k AlBole EZAYsh WAl Y WY ABMAI(1ACH) Axgt T
4 oY (subunit) BAIRAIH)o] 23Tt o} tHEES MHC-II HA2E 53 Al | §k82 =
SEAEE, Al Y HESo] AgtE|o] gt Wol BE AlEsHA e ZRH51]. AHAL Z]Ht w4l
DNA/RNA 7[5F #iA12- Zjoi/g d Ali/g S T S/efRt 4= Qlont, ofd7kA] 3ol gt S=gt
H3 35| ATEA Qoith web i wiAle] AsAle ofds] i dAlel wWER St

v

(2) AMOIEFIO! U MZM HHQM(cytokine and cellular immunotherapy)

HIA 515 95t T T AR Afo]EF10l 7|8 HE XA (cytokine-mediated modulation)
oltt. =3+ DNA 71&& Ball tegiito] 7hsaid T+ SF2UAERIRKG-CSP), 1L-15, 1L-2,
[L-8, TNF-e, IFN-y 0] tiEZo|tH52]. Alo]E7|Q] Foj= FoiA 9l Az HY BEE 7Jsls5io]
S aureus R E. coli 740l thgt A3HgE A7 202 BuEgieh ey &F Alo|E7IRl
Ta2 A HY HESC] BAt o] Efolu g T Qo R= AgEeolH, A E= Al e
oo BxA gapt SoislEc53]. §9] WY Ast AL {3 o X80l 11 8-84d0] =t

T 4 B Yoy E BHoE 3 WKW ofx] g HEo| ARMoIA, 7|2 Aok
CD4:CD8 Hx+ vl& Wdlel aupy] T Alx(Teff) of 28 T AlR(Treg)®] F54] #3o] 4 13
4 1Y kS ol 523 g Tkl HArEIcH54]. ERE B Al A S48 2 A 4
2 E3f| A Aol Yd ke s, CD4/CDS U B 7o) A1oka-2- 719190] wlet AlofsHA|
Uepdth ol2igh WA YEYAY] ofshiz AAR] FF WX =k A9 7127} Hrt

(3) &l 7|8 1Y o HEiHe=S2E2] M (antibody-based and immunoglobulin Y therapy)
FZol= Ui ZZ2Ed(Immunoglobulin Y, IgY)E 0}83t £%HY(passive immunization)
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o FEHY It} § aureus Hi= ZEYTIS|ER BN £ coli F5= WK PEoIA &5
e IgY+= AT oA AEet AME /43S BN, &3] S aureus?] 7% A W 4 2]
Mz go] 37t SRIEIQITHS5]. E3t Staphylococcus uberis®] AEHZF T A 25 chai o]

ot g $41 AAERe) A5 B B2 olfslol SCC 244 W Al W2 oA fEsieint
oleitt A 7 WL AlRe] SFAE AL Ao BAH o Hekow wbwch

(4) E7IME L MEJAZ 7|H HHX|F(stem cell and exosome therapy)

78 E7|H%E(mesenchymal stem cells, MSCs)= Z2] A HY2E 5383 A9 A
s/ AFAER, FHe] 9t 23] &4 ﬁiﬁr S A3lof] S HRITH56]. MSC= &
FME(pericyte)2t FAIGHH, AS A= Al BFE PEH AZ &8 28 4 FASH
57}01 FH|E §=3iH56]. E35] A AHERA] -%’—EH MSC(bovine adipose-derived MSC)=

< E3RE 79 Agte] HAxAE] 7]ofd 4= Stk Bt ITH56].
]9} tjEo] AIEAFE(extracellular vesicle) & AiaFE(exosome)S HIX| 7} AL A=
”H7H7<ﬂ§ AL e S PITAIE, E, A f AAEC] miRNA U i Hoks A5
HIE Hidoh, E% H’HRNA«] I 371= S aureusel] 8l =R £ (subdlinical) 4
°U Z7) AHZ ARK=SIE ghH, 97 el AaEE WYY H Al=/de] R, siRNA, miRNA,
oFE9] AA|= ARG 7Isste] AR el WeSA(natural nanocarrien)= FERE=TH57).

> mm
R

Jo
o

(5) LI=QIX} 7|Ht X|2(nanoparticle-based therapeutics)

WA K nanoparticles, NPsh= FEHZ0] Y11 gt §-80] 500 AME B}t AAEL | &
0] 93] gAU AT (multidrug-resistant bacteria pathogens, MDR pathogens)°ll t-8& 4=
= 7St Tts B7HATH58]. 2(Ag)-7=(Cu) NPs, Z2E2|A, 7| AL LV gu]FAl 7|5k
ARG AT oA 8 %‘ﬂo}%ﬂ: HAAY S AAlsI%eH, o= FF A W BV E 38
7ALe] et AR ZEETH58]. NPs= T3t ek QP4 Bl 74, A& g, 34 Ag
T 71E P AR HE =5 ?—-_- T Sl A AR A 9 ot EHFCE sk Sl

HA QI Ye7]&0] 9k A o2k 74, MDR pathogens &A1, 75 & 2=
W 7dolgks ek T I sjEe] A= RS AT 3] WAl AfolEFRI, E71A
X, daF YedAE SR tsEDmultimodal) WY 28 MR F10<0] A w2]9f 34
A AME Ak Al 2T 4 e A A& ”HFHE}O]—E FEE
QE al %F§ Xat

< O -O

FUGE 1 A i IO 1 N A L 2 g0z g ARl

ug F7h-EHe 45e Zefetel, 2259 xm Y7t of 3] ofel BAZ Wot . ol
320] 7 244, A% B3, 39 2ol 24, 2007 B W 9 5 57 8o
19k W ARl A /I SOC 2, MRSt Hie Rl B,

7|5k viol QuEA BHA] SO HFSHAR A A8-du AR 52 & Oﬂ/ﬁ ORI =
9] Fg/Jo] oJHs| At FF A= At LS =o)7] 913t A A H(objective parameters)
9} djl% o= H4x(prognostic indicators) B0l 28-S wEof gt} E3] wigt=e} ot
=& Al2Eo] opFaloln], ol fi5f Ho| At HAAIZEACIU ANNT 22 I B4 84S 71
o] 25208 ggEjojok jitt tles At IAle A AEEE EolHAE ARl

Az 9 ofo] 7Rset KA Adh-Aw E4E-2 FHohs Aol olole WYaH, HEHZ Al
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(bacteriocins), ALY F2 A=A, NPs 7|9t 7|& 5ol ZFHE 4= 9lom, o]={gh tiA] M2k
MDR pathogens 4k JABIAL A&713F S4t AIAR] H150]] 7]ofg A& 7|disr.

Z3tehd, 9 #eE)9] mjEgis O 1w 1E0]k B3¢ Adk A|A=I9] A @) WY U AT
H3t 7129 89, @ A oAl Aere] el 29 Atk olF B9l FHHEeE Qg &4
< Fadlotal A&7hs Y AT SEEAE SAI 24T & S Aolth

O OfF
4
RYBS A AA s AN 7 A2t A £ 2 WY B sht, gae] By

(o]

[o = puy

116}9} APY AT 2T 1 FAHOR Q8] Ekao|xL (gt oY NG AR 716
14 ekl Al ok 7129 919 J&a WA A2 9 QA Y

49 bg RS T B 4 S THD e A A T S HAHN o 7T
% Slck SIepeTh 91940 WA Zoly] S e TIEe Bl g 2 o] Wast,
1 €49 2] @AM 3 e RS WAl <} sk, B S0 4
o] BUY A B0 For|, Hof AR TYL vt SOC7H B U AE AN
17 Sick 57 2910 CMIVH A IR A48 419 S92 92 olgil, i, e} 25t
7142 NAGase ¥ LDHO] G4 A o] 8slAL, @4 9 27 W APPS(FEZZY], SAA, THE
A ATk B8 2 Ao Hez S itk F, 9 A JelE 9
%iﬂ R APl S OTL 3 SNPel AR S el W T
¥, RNA 9 FAR8H wiojza, gmﬂsz A2, A WY QA 5 BB WA Az
za_ao] S0 900, ol WHGIGl 4T 55 0 5 121 HUS B9 o B4 BAA
Sjtlo] 22517 oltk 9 €7 27e 60 433

| LS SolHAME Al Ad-A& 7es 7id
She 202, 1 oz "R, HE2] Al A= Rl AEAL NPs 7[5 2|7 50] A

A=
2oz, e 7] A2 7le aofet A oAl Az Heel Afd2 A
S5 A9 A7k, TP A WA Bl SHoM FF ofst 3 SAke 2ore] A
AT JAR g Aolth
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