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Abstract: [Background] The widespread presence of Riemerella anatipestifer in poultry farms
causes contagious serositis in ducklings, which seriously endangers the development of the
poultry industry. [Objective] To improve the fermentation level and antigenic activity of
R anatipestifer and provide technical guidance for the development of R. anatipestifer
inactivated vaccines. [Methods] The single factor test and response surface methodology were
employed to optimize the vaccine medium for R. anatipestifer. The antigenic activity of
R. anatipestifer was determined at different time points of fermentation, and the inactivated
vaccine was prepared at the time point with the highest antigenic activity. The immune effect of
the vaccine was evaluated by animal immunization test. [Results] The viable cell count of
R. anatipestifer in the developed vaccine medium reached 4.68x10'° CFU/mL, which was
2.29 times higher than that of the commercial medium for R. anatipestifer. The antigenic
activity of the strain peaked after 12 h of fermentation. The inactivated vaccine prepared at this
time point induced significantly higher antibody level in mice than the commercial inactivated
vaccines, with 100% protection from virus attack. [Conclusion] The medium developed in this
study had excellent enrichment effect and can be used for the production of antigens for
R. anatipestifer inactivated vaccine. The bacteria can be collected when the antigenic activity of
the selected strain reaches the highest level during the vaccine production.

Keywords: Riemerella anatipestifer; vaccine medium; antigenic activity; response surface
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Table 1  Single factor optimization test
N AR (B %)
Factor Dose of addition (mass fraction, %)

A 0.10 020 030 0.40 0.50 0.60
0.40 0.60 0.80 1.00 1.20 1.40
0.10 020 030 040 0.50 0.60
0.05 0.10 0.15 020 0.25 0.30
0.10 020 030 0.40 0.50 0.60

m o O @

%2 PBIXBEERAMAF
Table 2 PB test factors and levels

S 7K Level

Factor -1 1

A 0.20 0.30
B 1.20 1.80
C 0.40 0.60
D 0.30 0.45
E 0.10 0.15
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Table 3 Experimental design level of response
surface

ESES 7K Level

Factor -1 0 1

Xi 1.50 1.80 2.10

X, 0.45 0.50 0.55

X3 0.15 0.20 0.25
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Figure 1

Results of single factor optimization tests. Effects of beef extract powder (A), yeast powder (B),

lactalbumin hydrolysate (C), growth promoting peptide (D) and sodium chloride (E) with different doses on
cell density of RA; The lowercase letters in the figures indicated that the different addition levels of each
factor had significant differences in the cell density of RA at P<0.05.
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*4 PBRINIITRE
Table 4 Level of the variables and the analysis for
PB design

x7 WMEHRERTHERERER
Table 7 Response surface test design scheme and
results

RS A B C D E OD¢» HKEHET X X, X3 ODg2
Test No. Test No.
1 1 L L | 1 1.491 1 0 0 0 1.633
2 -1 1 -1 1 1 1.599 2 1 1 0 1.556
3 1 1 -1 -1 -1 1.564 3 0 0 0 1.650
4 1 -1 1 1 -1 1.480 4 0 0 0 1.655
5 -1 -1 -1 -1 -1 1426 5 0 1 1 1.427
6 -1 -1 -1 1 -1 1470 6 0 -1 ! 1.483
7 11 1 1 1 1.567 7 -1 0 1.415
8 IS B 1 1 1.526 8 0 0 0 1.628
9 1 1 1 -1 - 1.543 ? 0 -1 -1 1.389
10 -1 -1 1 -1 1 1.496 10 ! ! 1:530
11 -1 1 1 -1 1 1.576 1 - ! 1421
12 1 1 11 1 1.584 12 B ! 0 1437
13 -1 -1 1.415
14 0 1.629
#=5 PBIREIZITERDH 15 1 -1 0 1.454
Table 5 PB test design results analysis 16 1 0 -1 1.485
HE  t F P 2 MR 17 0 1 -1 1.468
Factor Significance
A 0.004 592 1.16 0.322 4 5 @iﬁﬁ Design-Expert Zf:ﬁﬁ:é'/i\ﬁ%lj H[ﬁ]mﬁré—] , |
B 0046000 TIAIS 00001 0 T 4 PR P U , 45 P22
C o SR W 25 o0, R

Fo6 EERKRGRITEL
Table 6 The steepest climb test design and results

s Webkky Ak &AL ODgy

Y5 Yeast  Growth Sodium

Test No. powder promoting chloride

peptide

1 1.20 0.35 0.05 1.474+0.048d
2 1.40 0.40 0.10 1.560+0.056¢
3 1.60 0.45 0.15 1.581+0.036b
4 1.80 0.50 0.20 1.601+0.051a
5 2.00 0.55 0.25 1.567+0.091¢
6 2.20 0.60 0.30 1.453+0.083¢

KPR A RNG FHER R 2 5 1.2 (P<0.05)
Different lowercase letters marked in the table indicate
significant differences at P<0.05.

=, B KK E EAE 0.49%-0.51%[X [B] B,
WERERS S HETE 1.80%—1.90%IX 7] N B 1A %5 JiF i
W, YRR S AR TIR X RI T, R A B R
By S g inmisg n s 7EE 2B Hr, CUEEREH
HTE 1.80%1.90% H & LA & 5 7E 0.19%-0.21%
F, B e s B 2C AT, e A AR
TEAE 0.19%-0.21%X A N, 244 KIKS &
TE 0.49%—0.51%X [A] B, TR KRB S e 2k
KR R IE A

XFRA R me i, PIAS45 B 9 A 8
FREEP ARG, RVEEERAG &N 1.890% .
PRAR AR HEA 0.505% L K AL BN & 50 0.203%
IF, T A dee KM BB R 1.646. BT RL 7
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x8 M NEINIERIH

Table 8 Response surface experimental design analysis

HZ H H 7R ¥y F P B
Factor df SS MS Significance
7 Model 9 0.144 5 0.016 1 103.78 <0.000 1 *ok

X 1 0.014 1 0.014 1 91.16 <0.000 1 ok
X, 1 0.001 3 0.001 3 8.52 0.022 4 *

X3 1 0.001 3 0.001 3 8.41 0.023 0 *

Xi X, 1 0.003 9 0.003 9 25.29 0.001 5 *

Xi X5 1 0.000 4 0.000 4 2.43 0.162 8 NS
X X5 1 0.004 6 0.004 6 29.71 0.001 0 ¥

X’ 1 0.024 5 0.024 5 158.53 <0.000 1 *k
X,? 1 0.0399 0.039 9 258.03 <0.000 1 *k
X5? 1 0.042 1 0.042 1 272.40 <0.000 1 *k

5% 2% Residual 7 0.001 1 0.000 2

KAI Lack of fit 3 0.000 5 0.000 2 0.96 0.492 9 NS

* B EEP<0.05); ¥ EHLEEP<0.01); NS: ZRARE

*: Significant difference at P<0.05; **: Significant difference at P<0.01; NS: Difference is not significant.

x9 REAEESHR

Table 9 Model reliability analysis

KR ROEMXRE B RE BR R
Adj R-squared Pred R-squared C.V. (%)
0.983 0 0.943 4 0.820 0

R-squared
0.992 6

PEAT Z2 B, 45 21 2 1 R % A
1.634, HifEEzr . A I 58/ Bk 1 3%
T 1 TAA I RS AT R, A —E 5
FAE
2.5 AMEHEEERIELER
XA RA B B i 1 35 BE 0 Jy ik
1710 L K EERESUE, B KB 3 K. Rl 3 a4,
RA 7ERT LY RA 5537580 8 h ik E A4, 1
i} ODgyo Z9° 1.38, 1 H %24 2.04x10"° CFU/mL.
it IR B B 3G SR BE A T R RA, K% 10 h
FIE 5], AT ODgyo 294 1.62, i W41 g
ik F) 2 4.68x10"° CFU/mL, 378 %Ei B 55
FL B A RA B 37 3L 0 38 B RCR 3 5 2.29 f5 .
BRI, B RA BT RE B R S0 K
R, FORERE, ATHT RA M LR

il B A
2.6 AEIAEEREIEMKIEEMERNZEER

W& R WA B R A B R R B, R
FATE 42 ELISA 00 5 AN W) & e B (8] A 200 2860 1o
() 1gG HUASE A, HHE 1gG HUA AN 1 K -2
A A [ B[] 20 BT A B D i v, 45 SR NSk 10 P
INo TEREE 40 J5, BEAY ODgyo FIF5 T BRI
Wil 2 I B[] P 388 i 3 n s 4 & % 10 h B,
Pk ODgyo 35 E dne iy, H A (R4 X I 14 1
WA TR BB R YARRE 12h B, §
PRBT IR O ) I R A e, ATEK 1:96 000,
2.7 IR ERPREER

i o (B #2 ELISA il 8 T 4541/ BRIt v 1
PSR, R 11 R, SR ER, %
W REES TR 1gG RO, T7EH )5
5514 K, T S IS FE LS ORI 1gG T
WAL, —f 14 d J5/NRIMTE P 1gG Brikok
5 14 d LA RIEEE TR, 76 RA #iT
Jir 38 e v B A ) 3 8 P A — S R A i
F M 1gG HUAREAN K-35 0 fe i
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Figure 2 Interaction of different nutrient components. A: Yeast powder and growth promoting peptide. B:
Yeast powder and sodium chloride. C: Growth promoting peptide and sodium chloride.
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Figure 3 Change curves of ODg;( and viable cell count of RA in two kinds of culture media. A: ODgy. B:

Viable cell count.

* 10 AEILEFERERORRENS
Table 10  Antigenic activity of strains from different
fermentation time periods

Time (h) ODg,0 IgG antibody
4 0.512 1:6 400e

6 0.724 1:25 600d

8 1.125 1:48 000c

10 1.632 1:64 000b

12 1.521 1:96 000a

14 1.486 1:96 000a

RPRIEAF/NG FHER IR 22 5 52 (P<0.05)
Different lowercase letters marked in the table indicate
significant differences at P<0.05.

xR 1 GERIEUAEE RN E
Table 11 Determination of serum antibody titers

in immunized mice

Group Serum IgG antibody Serum IgG antibody

titer of one-immune titer of two-immune

mice mice
A 1:2 800a 1:120 000a
B 1:2 000b 1:90 000b
C 1:1 600c 1:68 000c

FPPRIC A/ NG T BE IR 22 5% 8 35 (P<0.05); A: i
JEE TR R4 By WS AUR AL C: R4

Different lowercase letters marked in the table indicate
significant differences at P<0.05; A: The group with the
highest antigen activity; B: The group with the highest

number of viable count; C: Commercial vaccine group.

WEFAI AR Bon (K 4), PUltis e 24
FEG AN 100% , T 400 o 2HL R RS i 1 1 41
RGN 90%, 25 AT A /NI R IH h
AE, FRAARAET . IR, A 5
FrHE R RA PRI RGP OR R4 HIJOA
RSN, A bR i I 2 B DT A A o B WAL TR
AT o8 A I 5 P SR B AR P R A g o

110
100 A
90 = 1 =
£ 80
s T0F
E 60 - - A
2 50 =B
g 40+ *-C
eL,‘-.3)30— =D
10
| V | | |
0 2 4 6 8

Time (d)

4 RA WERANBRIFEER A HUENE
P4l B G W S 4. C: i bz 4l. D:
= HH

Figure 4 Survival rate of mice challenged with
Riemerella anatipestifer. A: The group with the
highest antigen activity. B: The group with the

highest number of viable count. C: Commercial
vaccine group. D: Blank group.
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HWEHA, BRXT RA B HE K
%, (BRI A B R >, LR
b RA JEWIESRIE . R A R,
B SR iy N T B B u N e el i
TR A5 FE S0 B T AT A Y DG B . PRI
A5 A B R 2 | Plackett-Burman 3% |
i BE €56 F1 Box-Behnken i v 1] 1256 I8 45
FRFREE R A Z B e, 58T RA B
RUPE IR AL )y BERERY 18.9 g/L. R
¥ 6 g/L. fEEKRL 5.05 /L. /KIEFLE 4 g/L
DL 2.03 /Lo FI W] A0 35 552 38 & %
RA, IHHEAEWBFETE 4.68x10'° CFU/mL LA
b, BENE L RA B FIEEE T 2.29 4.
A A 5 75 L R A0 16 e TR A 2B K RN e R B IR
YRk, WORHAR & TR RS EE, ARk
IR TR AR AR

WFST RN, B G 2 ) TG 8 Y o o
IR RIS TR €D S 175 A N S e
AR A& BERT ) RA BOBLIRIE Ve R IRAE & 9 12 h
J5 RA WP E IR B ey, 7R R & A 2K
TGP A RAF M e OR , fEARF ST,
B A NS TR SR e T A %) 92 T A
o, 5 /N RO AR TR BT B R A B AR
A OWET AR R, [RIB 25 A A5
HWFE RA P 1 55 55 500 K6 P 1 7E 2 56 28 4%
PN BRI AR, R A DR R L R
WRRCRILR, HBUARG, G 7 5 R
RA, il 28 B K6 2 ¥ U T 8 i S e R
TARKN, FERE R RA TGS v O AR $2 4L
ARSF

SR, UG AR i B Y ), DL
WA TG B — L R . BARAME S e/ R
AR bR IS 1A IRCR (R

XS A RCRAT AR TR, A3 LR A S sl i A 7
PE—2PIRTE s RA MG RIARZ , & H TRl A
IR AR S, 2545 e M 22 B R S 1
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