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Abstract : Mastitis is one of the most significant cause of economic loss to the dairy industry. Especially,
Staphylococcus aureus is a major contagious mastitis-causing pathogen in dairy cattle. Because of its high
transmission rate and resistance to antibiotic therapy, staphylococcal mastitis presents a constant threat to the
dairy industry. Staphylococcal enterotoxin C(SEC) produced by S aureus has been known as one of
superantigens which are able to stimulate a large proportion of T lymphocytes independently of their antigenic
specificity. In this experiment, we have conducted preliminary studies with mice and lactating cows to evaluate
the immunogenicity and safety of the experimental vaccine consists of SEC mutant antigen on controlling
the bovine mastitis associated with S aureus infections. The average value of somatic cell counts in quarter
milk, isolation rate of S aureus were consistently decreased in SEC-SER vaccinated groups, whereas antibody
titers were highly increased in SEC-SER vaccinated groups. Peripheral blood were also collected from the
lactating cows to determine the proportion of leukocyte subpopulation associated with humoral immunity(HI)
and cell mediated immunity(CMI). Proportion of leukocyte subpopulation expressing BoCD2*(total T
lymphocyte), BoCD4*(T helper cell), BoCD8*(T cytotoxic/suppressor cell) and NonT/NonB lymphocyte which
are involved in CMI in SEC-SER vaccinated groups were decreased for the initial stage after first vaccination
and then increased from ten weeks after first vaccination maintaining elevated level till 14 weeks after
vaccination. In contrast, proportion of monocyte, MHC class II and B lymphocyte which are associated with
the production of primary immune response in SEC-SER vaccinated groups were increased for the initial period
and then decreased from ten weeks after first vaccination. We present evidence that vaccination of SEC-SER
mutant antigen in lactating cows induced a significant proliferation of bovine T lymphocytes. These results
suggest that SEC-SER mutant antigen used in this experiment might be one of potential immunogen in
developing innovative vaccine against bovine IMI associated with S aureus. Additional challenge trials should
be carried out to evaluate substantial protection against S aureus under the commercial farm conditions.
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AAAF1717F o] WEolth. AFG74E eda 5
53] S aureus®] 9= oW 2 XE7} 0§ oyl B
A4S AV U, 2 olFE S aureus7t B2 AF
o & &gk A Mldel7] WiEeln), =3 £-F
o Ed3te SFTe NAALY 2LE Q] A
Ho| Gl B} oF 40% o4k A 3kd Aefol7] )
o, 4§78 B8l AU S aurens”t -5 &
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Mouse OliAM2] By

() 4955

5~65% ] A Fo] 25~30 g ¥+ BALB/c mouseE
Hro|Asgd o2 Re B wol Agol A3}
ATt

) 75

S aureus®] enterotoxin typingS multiplex PCR 7|3 "
o &ste] FeslA sect FHAE Hfpshes Ao &
4E ok HHY BT No8TNE AHE-EA

Ho|S2

(1) 3 o - 35 2 A Xk

Staphylococcal enterotoxin C2| 542 A A3}7] 93}
o 4 oot MY F Al 94HEE 106W Alo)E
AAXA 7] d71de] 23l sl Wolwha SEC
(mutant protein SECYE A|23}5t}. o]o] SECE] <MY A
< PAAFI7] Y8k SECE] obut D F A) 95
W ole] =2l cysteineE: serineS. & X871 SEC-SER
mutant protein(SEC-SER)S |23} t}. SEC ¥ SEC-
SERE ZHEEE A2 E coli w3108 30 L 2EZR
oA M9 iR 2 X8 wl kst & ALddET 7| (LAPX
202BTG, Alfa-Lava) 2 83t & o] & 4 L) 10 mM Tris
buffer(pH 7.0)°ll @31t} o] -2 Microfluidizer
(Microfluidics Corp., USAYE ©]-8-8k] 8,000 psi¢] ¢+&
2.2 23] BHAIA U] AEehe Bisa d
AR Z AFAE 3]s

(2) ¥EAA 2 dejoja

o] A5l ammonium sulfate(Sigma, St. Louis, MO,
USA7 L6Me] EEE Y1 4°CollA &34 A 8,500
pmel A 3087F AR5 AEHE 3439 o
Al oA HF F=7} 35M0] HEE ammonium
sulfates E3 4°ColA &381217] ¥ QAR = HA
g FFetArt o] FAEE 419 10mM Tris buffer
(pH 6.5 £31A1%1 %, 300 kDa Z712] 742 71 &
jojzlakg ZA)A of 2t (filtrateyS LB THA] 10
kDa 37|9| +H€ 715 gejojzuhs SAAA HFY
(retentateyS FEAIHTE HFA-2 10 mM Tris buffer(pH
652 A, T=& vHE3le I=EE 800 umho ©|3}
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10mM Tiis buffer(pH 6.5)2 FE3IA A L ol
D822 CM-sepharose ZH-S SHAIA AT &
10 mM Tris buffer(pH 6.5)= A&} thA] 10 mM Tris
buffer(pH 8.0)2 M3t} AP £&& 0~200
mM®] NaCl A7 E Fo] Falsint. ol §&
A2 10mM Tis buffer(pH 8.0) 2.2 HE 5 A7) Lol
T8 X(DEAE-sepharose) ZAH S EHA|A EFA L
Tgith mold Sl [0kDa 2719 7S 71
9|d vt o 2 FZ 5} phosphate buffered saline(PBS)
2 3Mstal thA] wEske AEE AR HFT AAAE
A}

@ W HE

SEC ¥ SEC-SER Ho|Z4Z #4734 (Emulsigen
ISA-25 oil adjuvant)®} 3:1¢] H]&=2 EFS 5 mlalmd
0375-375pg 202 vp9e A Bl o] 0.1 ml A HE
st

) FAHEE B2 ZA

Multiplex-PCR 1%l 9] & § qureus] enterotoxin
typing WH'OZ sect FHAAE BR3hs Aoz 9
H ok $ukd EEF(No.8TNE Haslglon EAl A
Ae o3 Zo] AABITh & F43HE 455 brain
heart infusion(BHI, Difco, Detroit, MI, USA) brothl| 3}
b vkate] 8,000 goll A 3087+ YalRE st %

HNg FASAE FEdol ammonium sulfate(Sigma)=S
525% ¥ =% %591 F 4°CoA 2 wHeAIA 10,000
X gollA 307 AAleE st HHELSE S35
AHELE FRTE 8312 F 4°ColM a8 54
st FADEAA WA 2asdc. A &
-2 Micro BCA protein assay reagent(Bio-Rad Co.,
Hercules, CA, USA)E ©|43ld TEF Smgm/E %
Asled 4oce]] BAsiEAM ARsTh

6 FHHE

SEC ¥ SEC-SER ®o|549] AA) Wojs 3¢
3] 23]o] ZA Table | ¥ Table 20418} 7o) AR5z
343t 0Smyml T2 vle] @ 1ml W ZAHE
CR A

7 A8 ¢ =3 2

Mouseol| A <o} ¥ & g ¥, Ficoll-Hypaque(D =
1.086; Lympholyte-M, Sigmay& ©}-8-3} Density-gradient
centrifugation ¥H o2 Baslgch BaEld grxps
PBSE 33 AAE 5 1X107/ml BER A58l ARE-
et

8 FA7+ 24

ELISA & plate(Costar, USA)?| coating buffer(Na,CO;
1.5 g, NaHCO; 2.93 g, D.W. 1,000 m/, pH 9.6)°l] 3413}
SEC Wo)| 548 7 well 9 100 W(S ug/mi) B BF&t3
4°Coll A dok ARAIZTE 3¢ ol washing buffer
(PBST; NaCl 8 g, KH,PO, 0.2 g, Na,HPO, 0.87 g, KC1 0.2

o}

tio

Table 1. Experimental design for the determination of SEC or SEC-SER mutant antigen dose in mice

Post-inoculation

Groups NOA. of Antigen K0 1 k2 No. of mice
mice (ug/head) wk 3 challenged
(1st vacc.) (2nd vacc.)  (3rd vacc.)

SEC 23 0.375 - 5 5 5 8
SEC 23 3.75 - 5" 5" 5" 8
SEC 23 375 - 5 5 5" 8
SEC 23 375 - 5 5 5 8
Adjuvant 23 Adjuvant** - 5" 5 5" 8
Control 23 PBS*+* - 5* 5 5" 8
SEC-SER 23 0.375 - 5" 5" 5" 8
SEC-SER 23 3.75 - 5" 5" 5" 8
SEC-SER 23 37.5 - 5 5" 5" 8
SEC-SER 23 375 - 5 5" 5" 8
Adjuvant 23 Adjuvant** - 5 5" 5" 8
Control 23 PBS*#* - 5 5" 5 8
276 - - - - - -

*No. of mice sacrificed
**Emulsigen ISA-25
*+*Phosphate buffered saline (pH 7.2)
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Table 2. Experimental design for immunogenicity of SEC or SEC-SER mutant antigen in mice

Post-inoculation

Groups No. of mice Antigen 0 1 k2 No. of mice
(ug/head) k 3 challenged
(1st vacc.) (2nd vacc.) (3rd vacc.)
SEC 26 0.375 - 2" 2" 2" 20
SEC 26 3.75 - 2" 2" 2" 20
SEC-SER 26 0.375 - 2' 2 2 20
SEC-SER 26 3.75 - 2" 2' 2* 20
Adjuvant 26 Adjuvant** - 2" 2' 2 20
Control 26 PBS*** - 2’ 2 2 20
156 - - - - - -

*No. of mice sacrificed
**Emulsigen ISA-25
***Phosphate buffered saline(pH 7.2)

g, Tween 20 05m/, D.W. 1L, pH 72)2 A% F,
washing buffer®] bovine serum albumin(BSA, Sigma)<
1% 274 = Z} well B 100 B ¥ F 37°CA
1217+ <t blocking 3Ht}. 2t well washing buffer
2 5-63] MHE T FA-2 washing bufferell 1:2,0002
2 A3l 7 well B 100 B 231 THA] 37°CoM
N7 5 ¥ke-A17] = 5~63] A ¥ 3ld HRP conjugated
anti-mouse IgG(Sigma)S 4,0008) 3] 8ted Z} well T
100 A B T 37°CAA 1A B3F wEAIZH
Al&3le 4~63] M3 5, dMA] ABTS[(2,2-azino-di-
(3-ethylbenzothiazoline-6-sulphonate)), KPL, USAJE 100
WA g F 4204 3087 A7l £ 2.5 M HyS0,
2 100 A ¥o] wh3-& FRAI thE 405 nm &3
M SRS EAEAT

©) y-IFN % IL-2 assay

Mouseol|lA] ¥ 2 2239 mouse y-interferon(IFN)
9 interleukin(IL)-2 enzyme-linked immunosorbent assay
(ELISA) kit(Endogen, Woburn, MA, USAYS AH&-31od A
ZA}e] AAjd] wa} 83T Anti-mouse FIFN 3
anti-mouse IL-27} 71&] ¥ plae’l] mouse serume
1:100.2 A3t Z+ well & 100w B ¥& ¥ 37°Ce|
A 1N 7F E<F ¥ES-AI7] & washing bufferS A3k
53) A HsHT AEH o2 yIFN ¥ IL-2 standard?|
Fgew AA 3AHYL 2T F 405 m FF=AM
BE3AC

(10) 45% 473

WA HE2FL AR 7] A5} mouse 2767 S
Table 13} 70 127} groups(SEC mutant 2% th3l 0.375
~375uge) Ml S, 75 tET % adjuvant 5
P22 747 43)e 2 o] 15 2HH 02 33 4

A mouse 17 @ 1m! ¥ 574 W FAE ¢ F 1%

AE & 1, 2, 357 blood samplingS T3t #H|71 &
A, y-TFN % IL-2 assayS AAIEH HFGH HE F
1Z780) FAHEE HASIATHTable 1).

(1) B LA gl

AEY AP NN I 27E vFeE 3751
2 375ug £FL A48k, mouse 156vtE]E 2
Z Table 28} 7ol 67] groupSE o] HAHA &<
AL AAE T BAHEL HEF APAHAM S
Zolgh wp o2 AN en FAHELS A5G A
% 5 157 HAA S THTable 2).

Ha0iMe] SHAHRY

() AgsE

AtEatd o a ASFAANA ARF 2-3 34
o] H]%7) BA 25%E Adste AP ARSI
(Table 3).

(2) NEE WAl Az

SEC-SER mutant antigen 100 mg& FAME- 57T 150
mio] & A2 t}S, Emulsigen ISA-258 A ZAF] A4
2 &% 3] magnetic stirrer Foll A Z 4jo]Fof
Had Hel 10ml }g 932 27 EART CMC
adjuvant 3 control -2 CMC% SEC-SER mutant
antigens ZHz ¥¥sle +89E ¥F Pasho 1-3
pm 2719 AHYGAE TE F, o] wMIAE HEF
o] BANA FERAAG AzsTh AxE AP
NEL T, protein T E, endotoxin FAAE
29| QC testE B8l FA 71& AHTAE s}
o}, 3 FAuR] o] =dsl AlF LFATE HF
sglom obAA 89 9, 5vEle] mouseE WFS
2 nlE B AlE] WA 1 mie B Wl FEE F, 7
A7t AFSHATH
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Table 3. Experimental design for immunogenicity of SEC mutant antigen in dairy cows

Post-inoculation

Antigen* . -+
Group Adjuvant N wk O wk 2 wk 6

(mg/head)

g (1st vacc.) (2nd vace.)  (3rd vacc) wk 10 wh 14
Group1 4 ISA-25%* 5 ‘
Group 2 4 CMC##* 5 - Blood/Milk sampling : wk 0, wk 2, wk 6,
Group 3 04 ISA-25 5 wk 10, wk 14
Group 4 04 CMC 5
Group 5 Control CMC 5
Total - - 25 - - - -

*Antigen : SEC-SER
**[SA-25 : Emulsigen ISA-25
***CMC : Carboxy methyl cellulose-Na(Sigma, USA)

3 9N BE

A EE (A ml G 7+ 4mg, 04 mge] HEE 5

& 2438t ISA-25(Emulsigen)9t CMC(Carboxy
methyl cellulose-Na, Sigma)yE 3:1¢] ¥ &2 &F}sle] &
20 T 9o B 1ml ¥ &8 HEE A8

@ ¥ 9 /45 A4

o2 A7l U7 (Table 3)ell whe} 249 nju)o
A BaHog AQ¥alglon, 45 94 Asiz d3d
weh Fhe] Bug RaHo g AF s P gut
< 34

5 75 ANES Y

Fossomatic 4000(Foss Electric Co., Denmark) 717]& ©|
gato] ANEFE SAsUT.

6) 89 A 1ol 54

HA F5E dAuAe =De F 37°CoA] 244)7F
g F A E s JEe a7 94, coagulase 37
A9, Baird- Parker Wl R|(Difco)oll2] #jSF, DNase A&,
Voges-Proskaver A|#, 3 71/Fe} 2] Mannitol 245 T2
2 ZR151H )

ol = WET ofFCt EXE B4

(D) ¥y & wygy Ea

Dy Wl B Davis 579 WHos A
AlakAct. vl Mol A oz 3-8 AQ acid
citrate dextrose{ACD; sodium citrate 22.0 g, citric acid 7.3
g, dextrose 24.5g, D.W. 1,000 m)) £4& 3:19} H| &=
38 & AL o, 1,500 pmellA] 3087 9418
& 3F3 ) Buffy coat & AMFHT F 37°CE /M3
0.87% Tris-buffered ammonium chloride(Tris-NH,CI; 0.01
M Tris, pH 7.2) €93} &3t 37°C 2420 o
oF sEz HETE §8A17 S oA 1,500 pmeil A 10

=7t ddEgste] 4F A4S MY &, pelletS PBS
(sodium chloride 7.6 g, disodium phosphate 1.2688 g,
monosodium phosphate 0.1 g, monopotassium phosphate
0.2113 g, pH 7.2)9} ACD £4-& 9:1% E%3} PBS-ACD
buffer2 23] = ¥4 MA& stk vix)ut 94
F pellet2 RPMI 1640(Sigma) iAol 282171 =
histopaque(¥] 5 1.083, Sigma)oll £ZFA)z] & 1,500
pmoll A 2087 EelE 3 ok, histopaquedt ¥H
o] AARAA HE g At B3 wgdy
© PBSZE 33] A|#3t] PBSO| ##A17] THS, tryphan
blue G slo] BT MELFE 249 F ATFEE
IX107ml BE2 ZA s A8l AH33ITt

() GEEYH

oE 9IS FHUE oA dEEA Y
ERE B EEH 852 Y ARElgch
(Table 4).

(3) BFAE F-Z7%4A 4 (Flow cytometry analysis)

W7 obhd XS B4 Davis er ol'29] W
o 30X flow cytometryE ©]-&3ta) AA|stgch &,
conical bottom microplate®] well & z} T3} 50
(1Spug/mhE vz W2 ohF, FRolA £g 1X107
me] T 100w A& FH7Estar 4°CellA 3087 7t
ZA|Z] F 4°C9) first washing buffer(PBS 450 ml, ACD
50 m/, 20% NaN; 5 m/, gamma globulin free horse serum
10 m/, 250 mM EDTA 20 m/, 0.5% phenol red 1 m)ZE 3
3] A4EE(2,000 rpm, 3&, 4°C) HAHT £, 3
< ¥Ea AHE 9" T2 E plate shaker
E+ voltex mixer® Z&o| A1) Jaild 9y
& secondary antibodyE ©]&, &Y HAL st
Fluorescein isothiocyanate(FITC)-conjugated goat anti-
mouse IgG + IgM antibody(Caltag Lab Inc., USAYE 200



182 A - Foly

=
- B4

NaX - Frd - AL - ES

Table 4. Monoclonal antibodies specific to bovine leukocyte differentiation molecules

Molecules” MAb™ Isotype of MAb Cell type™ Reference
MHC Class 1 H58A IgGy, Leukocyte Davis et al.”
MHC Class 11 H42A IgGs, Monocyte ”
BoCD2 BAQ95A IgG, T ”
BoCD4 CACT138A IgG, T helper, inducer ”
BeCD8 CACT30C IgG, T cytotoxic, suppressor ”
Surface IgM PIG45A IgGay B ”
TcR1-N12 CACT61A IgM N cell "

GM1 DHS59B IgG; Granulocyte/Monocyte ”

*Molecules : Bovine leukocyte differentiation molecules

**MADb : Monoclonal antibodies which specically react to leukocyte differentiation antigen

**xxCel] type : Cells expressing molecules

wl A8 & 7} wellell 100 ¥ FrEEen, ol
thAl 4oCollA] 3047 ZHERA ) TR, 4°C9] secondary
washing buffer(first washing buffer 3% % horse serum
gk A ZHZ 338 A4 AU o5 2% PBS-
formalin(38% formalin 20 m/, PBS 980 m/) -£-<4-& 200 p/
well 7] 7tated TAAZ F GHo] FF HZES £
Ag f7kx) BE YdA@eOel RStk Aol &
28 A EE flow cytometryE ©]-8-38l] Pt Al
& 2335 243 AEEA & FACScalbur 3 Cell
Quest version 3.1f(Becton Dickinson, USA) program$- ©|
g3t dA|siict.

4 =

Mouse OflM2] HHN

(1) BN AE 5 A7 45

AEE5E mouseZ 422 SEC mutant protein 2%
o] AN BA9-E A3, HEETF ARAIFANA FA)
A% 5L Foto AR LT HHE gU8 vt e
375~375ug $Foz Wil HES A F A7t
#ige BAsiinh. 2 23 32 sS4 110008 7]
Foz 12} HF 257 Asst7] AlFstd 33
SEC-SER 3.75 ug F2oll A 7H8 &4 Jelstal SEC-
SER 375 ug Sl 22 YestHFig 1).

Cytokine 244

(1) y-TFN 4%

SEC-SER 375 ug Fo2olA 13 3% ¥ 27578 =
A gt 53R HIX | =AU THFg 2).

() L2 A4%

SEC ool 13} B F 257538 #A dedid
oA 3R] HA2AE JERIATHEFig 3).

——SEC 37.6u ~&—SEC 3.754 ~&— SEC-5ER
37.549
~3-—SEC-SER —»— Saline+Ad]. —#— Control
3.75ug

Absorbance (405nm)

wk 1 wk 2 wk 3
Post-vaccination

Fig 1. Serum antibody titers of mice vaccinated with SEC
or SEC-SER mutant antigen determined by ELISA.

12.000
10.000 B ~——SEC 37549
daaii 75|
—~ 8.000 —&—SEC 3.75u |
e o ‘
~ : ——SEC-SER
Z 6.000 37.5u
T —~¥-—~ SEC-SER
bt 4
4,000 3754 |
%~ Saline+Ad| i
|
2.000 --e— Control :
0.000 ¥ B i

wk 1 wk 2 wk 3
Post-vaccination

Fig 2. Production of - IFN in mice vaccinated with SEC
or SEC-SER mutant antigen determined by ELISA.

3) Mouse°i]*19] o ol &3
Moused] ti&F A1E w4l HE & o] EE e
3}7] $)3ld, SEC mutant 2&-2 3.75~37.5 ngol Fo &
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~——SEC 37.54

~&-SEC 3 7549

g —&— SEC-SER
~ 37.549
i —— SEC-SER
= 3,754

—#— Saline+Adj. |

—8— Control

wk 1 wk 2 wk 3
Post-vaccination

Fig 3. Production of IL-2 in mice vaccinated with SEC or
SEC-SER mutant antigen determined by ELISA.

Table 5. Mortality of mice vaccinated with SEC or SEC-
SER mutant antigen followed by SEC toxin

challenge
Vaccines Challenged with crude toxin*
SEC 37.5 ug 1/10™
SEC 3.75 ng 1/10
SEC-SER 37.5 ng 4/10
SEC-SER 3.75 ng 1/10
Adjuvant (Emulsigen) 3/10
Control (PBS) 8/10

*LDso(1.1 mg/ml) of S. aureus No.877 isolate containing sec*
**No. of mice died/No. of mice challenged

Fo g HEH T WoladE AP A4, YA HEL
o)A SEC-SER 37.5 ug HE 2T 40%2] AL
S Jebd ¥bd Zjete] WA HEL H adjuvant £
NME 10~30%] HAMES e BEEA 58] Q)
ALt v gz 80%] HAR-S JeR)
SAtH(Table 5).

HA0Me] HAAY

(1) SEC-SER mutant ¥} &l b2 A ¥ W}

WA F o2 BubE -7 F AMES g o
Z(Group 5)%! carboxy methyl cellulose-Na(CMC;
Sigma) &= FoFodMe 12 AF T 675 FrIst
%3, Group 2(4 mg, CMC FoF)olM = 7] %
S Hygom AANHORE 1& HE X 659 10504
e Aol &g AN RS F7T FAdo] ATk ®
3 A2 509hml ole] BEHE 24N AR o
ZFNME 12 AF F 105, 145004 Ziz} 28] o)
8 F71& 22 ¥HA, Group 3(0.4 mg, ISA-25 F3)

1000.00 f
900.00 |
800.00 [
700.00 |8
£00.00 |
500.00
400.00 G
300.00 $E
200.00 E1
100.00 8
0.00 48
wkO wk2

SCC (X 1,000/ml)

wk6 wk10 wk14
Post-vaccination

Fig 4. Changes of milk somatic cell counts in dairy cows
vaccinated with SEC-SER mutant antigen. Group 1 : SEC-
SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group
3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg,
CMC; Group 5 : CMC adjuvant.

2 —e— Group 1
T 5§ ~a— Group 2
) 4 ’ —— Group 3
s . ~— Group 4
s 3§ —— Group 5
P-4 .

wk 10 wk 14
Post~vaccination

wk 0 wk 2 wk 6

Fig 5. Number of quarters of mammary gland over
500,000/m! somatic cell counts in dairy cows vaccinated
with SEC-SER mutant antigen. Group 1 : SEC-SER 4 mg,
ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group 3 : SEC-
SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg, CMC;
Group 5 : CMC adjuvant.

AAME 13 HE T 250 5ozt oA AE
o1 Group 4(0.4 mg, CMC Foi)9] 744+ 13 H&
Z 105l 7Y 18 B 14500 F73] Fadle A
& Folg = AAT(Figs 4, 5).

(2) Bd F0Y A0+ £

A fide F8 4979 sl S qureus?] ¥
2] #2& Group 2(4 mg, CMC FAZplAM = A3 £
Y EA] e ubH 2 (Group SOl e AEHog &
ZHU}. olHe A 13 HE F 6571A A&
o] ¢l Ralgo] AT Z719) 3 EolH
o} =5k v 2 A YA X F7} Z == coagulase negative
Staphylococcus(CNS)# #-2] 85 6575 52 Kl
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—— Group 1
—m— Group 2
—— Group 3
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Fig 6. Isolation of S. aureus from milk samples of dairy
cows vaccinated with SEC-SER mutant antigen. Group 1
: SEC-SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC;
Group 3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER
0.4 mg, CMC; Group 5 : CMC adjuvant.
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Fig 7. Isolation of Coagulase Negative Staphylococcus
(CNS) from milk samples of dairy cows vaccinated with
SEC-SER mutant antigen. Group 1 : SEC-SER 4 mg, ISA-
25; Group 2 : SEC-SER 4 mg, CMC; Group 3 : SEC-SER
0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg, CMC; Group
5 : CMC adjuvant.
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Fig 8. Serum antibody titers of dairy cows vaccinated with
SEC-SER mutant antigen determined by ELISA. Group 1
: SEC-SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC;
Group 3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER
0.4 mg, CMC; Group 5 : CMC adjuvant.
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Fig 9. Changes of proportion of MHC class II expressing
leukocyte subpopulations in peripheral blood of dairy cows
vaccinated with SEC-SER mutant antigen. Group 1 : SEC-
SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group
3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg,
CMC; Group 5 : CMC adjuvant.
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Fig 10. Changes of proportion of BoCD2* expressing
leukocyte subpopulations in peripheral blood of dairy cows
vaccinated with SEC-SER mutant antigen. Group 1 : SEC-
SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group
3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg,
CMC; Group 5 : CMC adjuvant.
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Fig 11. Changes of proportion of BoCD4* expressing
leukocyte subpopulations in peripheral blood of dairy cows
vaccinated with SEC-SER mutant antigen. Group 1 : SEC-
SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group
3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg,
CMC; Group 5 : CMC adjuvant.
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Fig 12. Changes of proportion of BoCD8* expressing
leukocyte subpopulations in peripheral blood of dairy cows
vaccinated with SEC-SER mutant antigen. Group 1 : SEC-
SER 4 mg, ISA-25; Group 2 : SEC-SER 4 mg, CMC; Group
3 : SEC-SER 0.4 mg, ISA-25; Group 4 : SEC-SER 0.4 mg,
CMC; Group 5 : CMC adjuvant.
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Fig 13. Changes of proportion of B cells(sigM*) in
peripheral blood of dairy cows vaccinated with SEC-SER
mutant antigen. Group 1 : SEC-SER 4 mg, ISA-25; Group
2 : SEC-SER 4 mg, CMC; Group 3 : SEC-SER 0.4 mg, ISA-
25; Group 4 : SEC-SER 0.4 mg, CMC; Group 5 : CMC
adjuvant.
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Fig 14. Changes of proportion of N cells(TcR1-N12) in
peripheral blood of dairy cows vaccinated with SEC-SER
mutant antigen. Group 1 : SEC-SER 4 mg, ISA-25; Group
2 : SEC-SER 4 mg, CMC; Group 3 : SEC-SER 0.4 mg, ISA-
25; Group 4 : SEC-SER 0.4 mg, CMC; Group 5 : CMC
adjuvant.
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Fig 15. Changes of proportion of monocyte in peripheral
blood of dairy cows vaccinated with SEC-SER mutant
antigen. Group | : SEC-SER 4 mg, ISA-25; Group 2 : SEC-
SER 4 mg, CMC; Group 3 : SEC-SER 0.4 mg, ISA-25;
Group 4 : SEC-SER 0.4 mg, CMC; Group 5 : CMC adjuvant.
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