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Abstract: [Objective] To study the application parameters of thermo-stabilizer in the manufacture of
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swine paratyphoid vaccine, and provide reference for the preparation of thermo-stable bacterial live
vaccine. [Methods] The thermo-stabilizer was mixed with same amount of bacteria culture,
Salmonella enterica serovar Choleraesuis strain C500. The mixture was lyophilized using
freeze-drying curves 1, 2 and 3, and the matched freeze-drying curved was then determined by
sampling the survival ratio post lyophilization. Based on the optimal freeze-drying curve, the effect
of various factors on the vaccine quality post lyophilization was further investigated. The studied
factors included the culture age (C500 culture fermented for 12, 15, 18 and 21 h), the culture
concentration (3x 10'°, 5x10'* and 7x10" CFU/mL), interaction time for thermo-stabilizer and C500
culture (0, 24 and 48 h), storage time of fresh prepared thermo-stabilizer (0, 10, 20, 30 and 40 d) and
the sub-package volume (2, 3 and 4 mL). [Results] The lyophilized product by freezing-drying curve 1
had the properties of surface crystallization and bottom shrinkage. The lyophilized product by
freezing-drying curve 3 had a small amount of crystallization and the lower concave on the surface.
The lyophilized product by freeze-drying curve 2 had the best properties, highest survival ratio and best
aging resistance. The C500 strain cultured at 37 °C for 18 h was optimal for lyophilization with
a highest survival ratio of 78%—81%. The optimal culture concentration was 3x10'°~5x10'° CFU/mL.
The optimal incubation time for the C500 culture and thermo-stabilizer was 24 h at 2—8 °C, with the
survival ratio of 85.3%—-90.5%. After stored at 2—8 °C for 40 days, the thermo-stabilizer has the same
effect with fresh prepared one. The survival ratio after lyophilization was almost the same for the
sub-package of 3 mL or 4 mL compared with 2 mL, but the survival ratio was 3—7 percentage points
higher than sub-packing with 2 mL after stored at 37 °C for 7 days. [Conclusion] The optimal parameters
for the thermo-stabilizer in manufacture of swine paratyphoid live vaccine were the following:
freeze-drying curve 2, culture time of 18 h, culture concentration of 3x 10'°-5x10" CFU/mL,
thermo-stabilizer used within 40 days if storage at 2—8 °C from fresh preparation, incubation time of
24 h for the C500 culture and thermo-stabilizer, sub-package volume of 3—4 mL.

Keywords: Thermo-stabilizer, Swine paratyphoid, Live vaccine, Application parameter
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Figure 1 Freeze-drying curve
e A: Tl 1; B: BT 2; C: BRIl 3.
Note: A: Freeze-drying curve 1; B: Freeze-drying curve 2; C:
Freeze-drying curve 3.

Temperature (°C)

SRIG SN 37 °C MUTHARI RIS SRS 5 4R
[IZCHe T : 55 1 ALIIRRIEZ) 9x10" CFU/mL; 46
2 AL 7x10"° CFU/ML; 5 3 41K 2
5x10'"" CFU/mL; %5 4 4R 24 3x10'° CFU/mL;
o5 IR EEZ) 1x10'° CFU/mL, ARJ5 & R4
(2 mLAfR), FFL 70 0, ¥ 1.2.2 Gk 7R 2R
WAPAET . AR TRT . FUARIGATEE 37 °C
A7 7 d BERTFERLAS 3 % CRLRE ) VEA s it
B AT 2 Ik
1.2.5 TBRIPFSEIAEIE B BAER B iFik: 4%
1.2.3 G55 i S B0 1 ¥R 1 500 mL,
A3 3 4R 500 mL), 4 3 500 r/min 5.0 20 min
J& o TR S A B K RIT , SRJE R AR
o300 T R SR TR R 1.2.4 R A A Uk
JE, r5E 2-8 °C B 0. 24, 48 h, ARG ERED
(2 mL/JH), B 700, & 1.2.2 Fik R Tl
LTI T o A BOAR T 5 AR T )5 & 37 °C
A7 7 d BERTRERLAS 3 % CRLRE ) VEA s st
o R T 2 K
1.2.6 THRRIPFURFEIRLE : MR FIRAEIR
JE R o 3 St AR RIS 20 1011,
1012, 1013), 44t 3 000 mL, & 2-8 °C {#4F 40 d,
JFTE 0, 10, 20, 30 & 40 d £HHE] BB S HURE
500 mL.

BOHT . ST A& T #1.2.3. 1.2.4 Tigh
T B FAIRAS TR A7 s 1] (R T AR 4775700 5 5500 7
TP R B 1.2.5 TRILR R, F0R
SRR ST%E(2 mLAfR), # 1.2.2 Gkt Rl
LTI T o A BOAR T 5 A KRR T )5 & 37 °C
977 d RERTHERDAS 3 M IR YU EA TIE s
127 THRERPFEFEENRESES/HIE: %
1.2.3, 1.2.4 J 1.2.5 W4 R, g
B PP SRR AT, 43 5I7E 7 mL PEAROR L 2.
3. 4mL A, &40 70 0, e 1.2.2 FRk a9
THIZHATIRT . AR TR, R R TR &
37 °C {RA7 7 d PERTRERLAS 3 MdE OARL ) VIEA 3%
P IR IEET T 2 Ik

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2132 A2 84 Microbiol. China 2017, Vol.44, No.9
2 ERENH MMi 37 °C A#4% 7 d it AR B 25 TR R —3%, M
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Table 1 Different freeze-drying curve on lyophilization effect

VR

HTIR

X TR o 37°C7d
Freeze-drying product e After lyophilization
Wik SN T — A
_ FIAAK S NEberelt e e - wapg
Freeze-drying oS 2 iable bacteria Survival Survival
PR . FzspE  Via . . urvival urvival
Residual R viable bacteria . . Number of . .
Gy . . . before ratio of live . . ratio of live
Properties moisture Vacuity Ivophilization after bacteria viable bacteria bacteria
(%) i pg lyophilization (x10® CFU/mL)
(x10° CFU/mL) A (%) (%)
(x10° CFU/mL)
1 S5dh . JRARESR 2,53, 2.64,10/10 % 467 364 78 283 78
Surface crystallization  3.68. 3.76 W%
and bottom shrinkage Purple glow
2 RIWEES, RETH 174, 1.64.10/10 £ 466 382 82 347 91
No crystallization, 1.73. 1.81 #%
surface flatness Purple glow
3 HAwEE, FEFM 2,12, 1.96,10/10 % {4 456 332 73 295 89

A small amount of 1.81. 2.32 #t
crystallization and the
lower concave on the
surface
e BRI R G

Note: The denominator represents the numbers of test bottles; The numerator represents the qualified bottles.

Purple glow
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#2 TRBFHEEERTHESER

Table 2 Comparing different bacteria culture time on the lyophilization effect

| BT . 37°C7d
IR ey ini| Before or after lyophilization
Nompor o Harvest U TR W TR A WG EEE EEOEE
i time Number of viable bacteria Number of viable bacteria Survival ratio of Number of Survival ratio of
() before lyophilization after lyophilization live bacteria viable bacteria live bacteria
(x10® CFU/mL) (x10® CFU/mL) (%) (x10% CFU/mL) (%)
1 12 439 224 51 188 84
15 462 256 55 223 87
18 539 420 78 357 85
21 443 259 58 233 90
2 12 455 204 45 165 81
15 450 318 71 286 90
18 456 369 81 354 96
21 485 271 56 265 98

®3 TRBERREFRTHRER

Table 3 Comparing different culture concentration on lyophilization effect

FEE 37°C7d

RV _____ Before or‘ after lyf)p_k::hzatlon : _ __ __

Nt PR R 4L b/ D ER L T AR T %L TG
— Number of viable bacteria Number of viable bacteria  Survival ratio of live =~ Number of viable Survival ratio of live
before lyophilization after lyophilization bacteria bacteria bacteria

(x10® CFU/mL) (x10® CFU/mL) (%) (x10® CFU/mL) (%)

1 902.5 395.3 43.8 287.7 72.8

703.1 416.9 59.3 3239 77.7

500.7 372.0 74.3 292.7 78.7

300.8 238.5 79.3 185.3 77.7

100.3 91.3 91.0 66.7 73.1

2 891.4 434.1 48.7 345.5 79.6

685.2 402.2 58.7 314.5 78.2

495.2 347.1 70.1 254.8 73.4

297.1 213.0 71.7 160.6 75.4

198.1 151.9 76.7 121.8 80.2

99.0 81.9 82.8 63.8 77.9

R4 RTINS ERRAER E E AR IS

Table 4 Comparing different interaction time of the thermo-stabilizer and bacteria on lyophilization effect

‘ UL 37°C7d
RO 28 °C JEAER[A] _ Before or after lyoph‘llligtl'on _ __ _
Number of T_he interaction R TR AL IR TR T AL IR A7 T AL T TR A7 175 2%
— time of 2-8°C  Number of viable bacteria Number of viable bacteria ~ Survival ratio Number of Survival ratio
(h) before lyophilization after lyophilization of live bacteria viable bacteria  of live bacteria
(x10® CFU/mL) (x10® CFU/mL) (%) (x10® CFU/mL) (%)
1 0 462 353.0 76.4 264.7 75
24 456 388.9 85.3 315.0 81
48 415 274.3 66.1 230.4 84
2 0 457 313.0 68.5 256.6 82
24 444 401.8 90.5 337.5 84
48 472 281.7 59.7 236.6 84
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x5 TARFERFHAMBDRIPTETRIEEZEITRS

Table 5 Comparing different storage time of thermo-stabilizer on lyophilization effect

. wEEE 37°C7d
2-8°C /47 Before or after lyophilization
Elinzg 1A VTR R VTR A T A5 5 L TG ARG 26
Batch  Storage time ~ Number of viable bacteria ~ Number of viable bacteria  Survival ratio of Number of viable Survival ratio of
(d) before lyophilization after lyophilization live bacteria bacteria live bacteria
(x10* CFU/mL) (x10* CFU/mL) (%) (x10* CFU/mL) (%)
1011 0 52 452 87.0 38.4 85.0
10 449 86.3 37.2 82.8
20 45.1 86.7 38.1 84.4
30 452 87.0 38.4 85.0
40 45.5 87.5 38.6 84.8
1012 0 62 51.4 82.9 43.0 83.7
10 522 84.2 43.6 83.5
20 51.7 83.4 443 85.8
30 522 84.2 43.6 83.5
40 53.1 85.6 44.0 82.9
1013 0 56 47.6 85.0 40.0 84.1
10 45.6 81.4 383 84.1
20 48.8 87.2 40.4 82.9
30 47.6 85.0 40.0 84.1
40 46.8 83.7 40.9 87.4

Fo6 HmAEE KRG

Table 6 Comparing different sub-package volume on lyophilization effect

7 mL PUARIE Bef (’iF:FFi”Eh_I, ) 37°C7d
. . . ter lyophilization
RBWH et ool — — —— ——
i1 VT W FTREER | GTEGE | REN | WEERE
Number of  Packing volume . . . . . . . .
.. Number of viable bacteria Number of viable bacteria  Survival ratio Number of Survival ratio
test in vials of 7 mL e . . . . . . .
L) before lyophilization after lyophilization of live bacteria  viable bacteria  of live bacteria
(x10® CFU/mL) (x10* CFU/mL) (%) (x10® CFU/mL) (%)
1 2 456 325.1 71.3 289.3 89
3 3342 73.3 307.4 92
4 327.0 71.7 310.6 95
2 2 472 394.1 83.5 303.4 77
3 411.5 87.2 341.5 83
4 393.6 83.4 330.6 84
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3 s

PR BOE R T IR Ko S B o e e
2 TR 2 T O R OB R o ASBIFSE b R R i
PR RN 2 SARSC HSE, nT R TR
AR RGBT 70%LL |, H 37 °C £-1F 7 d Bi&
BT R AT R ik 3 70%LL |, BB TLS
(RS20 BT (v e B2 TR AR ) U
E— BAFE R FETE B B R T R AFIE KT 50%,
REHT HABHF O, ANREF TR . AR
RACR AR, i EBUR B TR 5335 R 2831
BERIALI AR, TR ERSOR

AR T 12 AT e IRAR S AR 50 (AN 1%—2%
BIRE S%IERE, S%BLIRZE W 10%EHE S5 )R+ =
il TEfif 3z N A5 RS 5 | & (08 1 2 308 B 28 2%
WO R T RN B, AR )
HR AT T 5 2 2T i PAE 2R A A R A2 5 /1
OIS S IR R, R R 3
R T T2 RN A RGEE, SRR . A5
SRR A REEIRAS T B BRI A S A e

A 4 A, R XPBUE R
FeE AT 0 BRI R R T A R A
BRI, DR EIA KA AR B Aok
AN HE TR T, SO RV URASON; LA S e R
TR AETE R A w07 R O AR R 9%
TR R B T 2SS H e, i A R
BT A FE ARG, & B X A KR W s e i 4
(KIS SR 18 h), TR T RIS 595 78%-81%.
Ml 21 h, $EAREBE AL, HRT R
TR TR

e b 451 1 2 5 i T 4 B 4 550 1 17 o 2 A
FUS GO, AR TSR R R Y
TR AN AN L, VR T BAETE R AR TRV AR,
MR R A EA L, FEBURATHE . FE
FEW SRR, BER LI AMET 3x10° CFU, 4R
PEE T — TR T 20 ST, 0 i R v
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