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Safety and Immunogenicity of Recombinant Group B Meningococcal Vaccine in Rats
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DU Linl’z(l. Beijing Bacterial Vaccine Engineering Research Center, Beijing 100176, China; 2. Vaccine Research and Development
Center, Beijing Zhifei Lvzhu Biopharmaceutical Co. , Lid. , Beijing 100176, China)

ABSTRACT: OBJECTIVE To investigate the non-clinical safety and immunogenicity of recombinant group B meningococcal vac-
cine by repeatedly dose to rats, so as to provide reference for designing dose level and monitoring toxicity and side effects in clinical tri-
als. METHODS SD rats were used to design 4 main toxicity groups including negative control group, adjuvant control group, low
dose vaccine group (1 dose each) and high dose vaccine group (3 doses each) and 3 satellite groups. The vaccine was dosed by intra-
muscular injection at weeks 0, 3, 6, 9 and 12 respectively. During the study, all the animals of the main toxicity group were observed
for clinical signs, indicators such as body weights, food consumption, body temperature, blood cells counting, coagulation, serum bio-
chemistry, ophthalmology, T lymphocyte subsets and cytokines were detected. Serum specific IgG antibody and bactericidal antibody
were measured for satellite animals. All the animals were observed anatomically, main organs were weighed to the calculate viscera/
body ratio and the viscera/brain ratio, and various tissues and organs were examined pathologically. RESULTS It could produce
high-leveled binding antibodies and bactericidal antibodies with strong activity in immune serum that rats injected the low and high do-
ses of recombinant group B meningococcal vaccines. Both the low and high dose vaccines caused the increases in neutrophils, mono-
cytes and lymphocytes significantly, the decreases in hemoglobin and RBC significantly. Other dose-related changes involved the in-
crease in serum globulin and decrease in albumin, with concomitant decrease in A/G, which basically returned to normal after 4 weeks
of recovery period. The histopathological findings associated with adjuvant and vaccine were mild or moderate granulomatous inflamma-
tion, acute inflammation in injection site, infiltration and proliferation of mononuclear cells/mixed cells in the sciatic membrane, and
increased number of myeloid plasma cells and granulocytes in lymph nodes. CONCLUSION Recombinant group B meningococcal
vaccine had good immunogenicity and safety profile in SD rats, there is no immune toxicity reaction. It is obvious that adjuvant and
vaccine-related changes in indicators of peripheral blood and the inflammation response in injection site. Under the dose levels of this
study, there is no adverse effect level on recombinant B group meningococcal vaccine for 3 doses/one rat.
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Tab.1 White blood cell (WBC) count and percentage in male rats after receiving recombinant group B meningococcal vaccine repeat-

edly. x s
Measure WBC Neut Neut Mono Mono Lymph Lymph
Groups
time /10° - Lt /10° - Lt /% /10° - L~ /% /10° - L1 /%

After three days of first dose Negative control 8.72+1.44 1.22 +0.59 13.62 +5.20 0.31 £0. 11 3.42 +0.85 7.07 £0.99 81.48 +5. 64

(D4,n=5) Adjuvant control  11.04 £2.49 1.59+0.43 14.38 +2.08 0.45 +0.08 4.32+1.30 880+£2.09 79.54+2.9%4
Low dose 9.07 £0.99 1.33£0.13 14.82 +2.43 0.31 +0.06 3.48 £0.78 7.29 +1.00 80. 18 +2.53
High dose 12.45£1.54D  3.57+0.75)  28.66 £4.50")  0.55+0.10)  4.52x1.19 8.15+1.22  65.40 +4. 48D

After three days of last dose Negative control ~ 5.84 +1.87 0.75 +0.17 13.51 £3.34 0.20 £0. 10 3.4 +1.58 4.77 £1.70 81. 11 £3.55

(D88,n =10) Adjuvant control  7.07 £1.86 0.87 +0.17 13.07 +4.59 0.31+0.17 4.21+1.27 5.74+1.70  80.64 +4.80
Low dose 10,00 £2.060  2.70 £0.79Y  27.90 £10.48")  0.41 £0.17) 404142 6.69+1.98  66.09£9.65"
High dose 11.09+2.500  3.56+1.05"  32.07+6.70)  0.57£0.22D)  5.05+0.91 673170  60.90+7.01")

End of recovery period Negative control ~ 8.34 +2.08 2.29 £0.76 27.20 £6.08 0.32+0.17 3.60£1.25 5.53+1.24  66.80+7.04

(D113,n=5) Adjuvant control ~ 7.49 £2.84 1.52+0.52 20. 80 +4. 58 0.27 +0. 10 3.76 £1.29 5.55+2.37  73.38£5.%
Low dose 7.85 +1.89 1.86 £0.76 22.96 +6.55 0.27 0. 14 3.42+1.49 5.59 +1.26 71.68 £7.54
High dose 9.77+1.54 2.57+0.33 26.74 +£5.00 0.30 +0.07 3.16 £0.62 6.71+1.41  68.24 £5.35

T D HFIEAH R LA, P <0. 05, Anova & Dunett 2 Pk .3 o

Note:!) P <0. 05, compared with negative control, significant difference test by Anova & Dunett.
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Tab.2 WBC count and percentage of female rats after receiving recombinant group B meningococcal vaccine repeatedly. x +s

Measure WBC Neut Neut Mono Mono Lymph Lymph
Groups
time /10° - L1 /10° - L1 /% /10° - L1 /% /10% - L1 /%

After three days of first dose Negative control ~ 9.57 +2.13 1.76 £1.00 18.48 £9.95 0.25 +0.14 2.48 £1.16 7.38 £1.81 76.94 +10.42

(D4,n=5) Adjuvant control  10.44 +0.93 1.54 £0.38 14.68 £3.17 0.39 0. 14 3.68 £1.21 8.34+0.73 80.02 +4. 14
Low dose 10.10 +1. 66 2.24 £0.97 21.78 £8.50 0.43 £0.11 4.24 £1.09 7.28 £1.23 72.48 +8.97
High dose 10.23 £0.38 2.50 +0.76 24.34 £6.96 0.39 +0.10 3.82+0.90 7.15+0.75 70.04 +7. 84

After three days of last dose Negative control ~ 5.18 +1.42 0.66 +0.22 13.02 £3.07 0.17 +0. 11 3.31+1.54 4.23 £1.21 81.55+3.10

(D88,n=10) Adjuvant control  6.06 +2. 60 0.65 +£0.17 11.67 £3.61 0.20 +0.08 3.59+1.21 5.07 +2.36 82.48 +3.62
Low dose 7.52+1.98 2.34£0.58) 31796470  0.33£0.16" 423:1.26  4.69+1.56 61.87 £6.78")
High dose 9.29+2.810  3.12+1.30)  33.42+7.880) 0.43£0.18")  4.53£0.81 5.51£1.70 59.57 +7.901)

End of recovery period Negative control ~ 3.59 +1.49 0.68 +0.20 21.42 £9.13 0.12 +0.07 3.36 £0.86 2.70 £1.32 72.70 £9.72

(D113,n =5) Adjuvant control  2.93 £0.90 0.57 0. 14 19.72 £2.45 0.11 £0.04 3.78 +0.83 2.18 £0.72 74.08 £2.82
Low dose 4.00 +1.54 0.66 0. 12 18.62 +6.94 0.23 £0.13 5.42£2.32 3.00 £1.38 73.00 £7.28
High dose 4.49+1.42 111 £0.40"  26.04 +8.64 0.20 +0. 14 4.14 £2.13 3.07£1.17 66. 64 £8.55

D SRAMEXF IR L4, P <0. 05, Anova & Dunett 22544 i 3%

Note:!) P <0.05, compared with negative control, significant difference test by Anova & Dunett.

HHASAHGMENFEERE EERANRERA
(Glb) ¥ FZ T, AR F (Alb) ¥R BEFRAR, DL S 52
PERARY R /B 1 (A/G) B35 FEAIG, mifl i 2
Y INE S (TP) KPRl R L AL, W S

A, B RIS 25 J5 ¥k A (D2.,D86) , 44 7
X BECZERIAIG | 5 7]t 2 0 2 3l 0y mT L O i £ 4% 2R
H(FIB) W&, B RIS 5 3 d(D4.D88)
154k F 2 3 3 KOF A2 — 5 P
ZHARPR R B A G2 8 X (P<0.05) , 4%
A BE VR BLE A =X, I R AT RE 5 45 T AR
SR T I | RS 1 fo 58 B I A Ry S I A O, L
K3, 4 R IALE R (D113) , DL 4% Tl 45 AR 4y

FPIE 22 ek 2024 4F 1 HER 59 B45 2 )

WIS R o HA A= Ak 35 b R WL 5 45 25 40 6 1) 5+
(L G
2.4 HRE MR AR T

FA W T bk EL A0 AR A L 5 2 24 4 6
FISFHE A, RIRGZ5)E 3 d(D88) il it 4 i 1
B4 CD3*CD4 " /CD3 " CD8 * Fhi&5 , JBF I X R 413y
HAY 1. 38 fi5, WK 6, 4 AR LA (D113) , 4k
FIXF R ZH M PR 3 # CD3" CD4" JK - Ft &
CD3°CD8* 7k F F& ik, i =2 CD3* CD4/CD3*
CD8 " & Fvmr , i LB 51wl D, HL R LB S A A
PR, BN HA B 3

BRI MARRE )5 1 ~2 h(D1,D85),
- 121

Chin Pharm J, 2024 January, Vol. 59 No. 2



R3 ELBHRNEXRRERGEZLGEERNRLHBAXITHIET 2. v s

Tab.3 Red blood cell count and percentage of male rats after receiving recombinant group B meningococcal vaccine repeatedly.

X xS

Measure . HGB HCT Retic Retic MCV MCH PLT
time Groups /g L1 /% /1012 . -1 /% /10-51, /10-12 ¢ /102 . -1

After three days of first dose Negative control 135.8 £3.4 44.32£0.97  0.525+0.035 8.35+0.70 70.34 £1.72 21.52 £0.47 1.23 £0.07

(D4,n=5) Adjuvant control  133.0+3.2  43.12+1.18  0.390+0.060"0 6.24+1.18D) 68.76+3.33  21.20+1.05 1.13 £0.16
Low dose 125.2+4.1V  41.10=1.64D 0.340£0.061" 5.66+1.07") 68.28+2.34  20.78+0.63 1.19 £0.20
High dose 126.8 +0.41)  41.38£0.441) 0.334£0.068") 541 +1.10D 66.98£1.61  20.50 £0.47 1.15+0. 14

After three days of last dose Negative control 155.3 £6.8 49.89£2.22  0.179 +0.030 2.05+0.38 57.23 £1.76 17.81 £0.75 0.91 0. 14

(D88,n =10) Adjuvant control 148.7 £7.0 48.25£2.20 0.182 +0.034 2.11 +£0.41 56.08 +1.37 17.27 +0. 68 1.00 +0. 14
Low dose 146.3 +4.61)  47.74£1.9%4 0. 183 £0.030 2.13 +£0.39 55.41 +1. 88 17.01 0. 67V 1.06 £0.09")
High dose 141.9 £5.41) 46,50 £1.83D  0.137 £0.032)  1.60 £0.36")  54.43 +2.06" 16.60 +0.64"  1.14 +0.10"

End of recovery period Negative control 166.3 +7.8 54.73 £3.35 0.197 £0.028 2.11£0.39 58.13 +1.66 17.70 0. 63 0.89 +0.08

(D113,n =5) Adjuvant control 159.4 +7.3 52.44 +2.03 0.222 +0.018 2.41 £0.26 56.74 +2.35 17.22 +0. 88 0.90 +0.08
Low dose 157.0 £3.7 52.80 +1.94 0.199 +0.030 2.18 £0.37 57.58 +3.47 17.14 £0.79 0.97 +0. 10
High dose 155.6 +6. 1 52.32+£2.42 0.221 £0.050 2.31 +£0.49 54.70 £1.23 16.26 +0. 431 0.97 £0.08

T D 5 RE A, P <0. 05, Anova & Dunett 2552V i 35 s HGB — Ifi £1 8 (4 ; HCT — £14HL H % 5 Retic — RIZIZL4NH; MCV - F34£7 4N AR MCH - SE- 22141

N 213 1 74 PLT ~ 1L/ M

Note:!) P <0.05, compared with negative control, significant difference test by Anova & Dunett; HGB — hemoglobin; HCT — hematocrit; Retic — reticulocyte; MCV — mean

corpuscular volume; MCH — mean corpuscular hemoglobin; PLT - platelet.

R4 ZABHBERATREETALABEDI WO BRI HTET L. v 2s

Tab.4 Red blood cell count and percentage of female rats after receiving recombinant group B meningococcal vaccine repeated-

ly. x x5
Measure HGB HCT Retic Retic MCV MCH PLT
Groups

time /g L1 /% /102 - 1,1 /% /107151, /107124 /1012 - 1,71
After three days of first dose Negative control ~ 137.2 +10.3 43.84£2.85  0.274 +0.087 3.97 +1.47 62.30 +1. 65 19.46 +0. 38 1.04 +0.13
(D4,n =5) Adjuvant control ~ 139.8 +8.9 44.84 +3.65  0.202 +0.033 2.85+0.64 62.74 £2.18 19.62 £0.99 1.10 0. 16
Low dose 126.0 +6.4 40.24 £2.28  0.220 +0.045 3.46 £0.64 63.52 £1.81 19.92 £0.54 1.18 0. 19
High dose 127.8 7.6 40.80 +3.11  0.238 +0.056 3.63 £0.84 61.98 0. 66 19.44 +0.40 1.00 +0. 17
After three days of last dose Negative control ~ 146.8 +6.0 45.34x1.64  0.199 =0. 064 2.55+0.83 58.04 £1.85 18.77 0. 58 0.96 0. 11
(D88,n =10) Adjuvant control  145.6 5.3 45.46 +1.88  0.191 +0.045 2.44 £0.57 58.11 £1.26 18.61 +0.59 1.04 +0. 15
Low dose 139.7 £4. 1) 43.66 £1.97") 0.187 £0.036 2.45+0.43 57.27 £2.03 18.35 +0. 69 0.99 0. 10
High dose 133. 12,10 42.02+0.89") 0.194£0.034  2.60+0.44 56.30 +1.02 17.83 £0.49")  1.08 £0. 11
End of recovery period Negative control ~ 149.6 +8.9 48.22£3.41  0.169 £0.045 2.10+0.53 60.26 £1.37 18.70 £0. 31 0.89 £0.23
(D113,n =5) Adjuvant control  152.4 +£10.5 49.40 £3.27  0.165 +£0.035 2.08 +0.48 62.06 +2.24 19. 12 0. 68 0.91 £0.05
Low dose 149.2 6.1 48.24+1.99  0.154 £0.016 1.91 +0.21 59.88 £1.27 18.54 £0.56 0.86 0. 13
High dose 146.0 £17.5 48.30+£6.08  0.214 +0.085 2.85+1.73 60.16 1. 66 18.22 +0.69 0.84 +0.17

VD SRR F A, P <0. 05, Anova & Dunett 25501 i %

Note:!) P <0.05, compared with negative control, significant difference test by Anova & Dunett.
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RS ZABHBEXRRTREARGAERIHMFE LB 2L x =5
Tab.5 Changes of some serum biochemical indexes from the end dose of recombinant group B meningococcal vaccine to recovery

period. x *s

After three days of last dose (D88,n=10) End of recovery period (D113,n =5)
orous TP/g - L~! Alb/g - L1 Glb/g + L-! A/G TP/g - L~! Alb/g - L1 Glb/g + L.7! AG
Negative control-male 67.28+4.27  34.71+1.89  32.57+2.83 1.08+0.06  68.45+569  34.13+2.8 3433293 1.00 +0.00
Adjuvant control — male 65.63+2.45  31.65+2.28") 33.98 x0.64 0.94£0.08) 69.20+3.45  34.76+1.16  34.44+2.74 1.04 +0.09
Low dose-male 65.71+2.90  20.74+1.94)  35.97+1.54D  0.82:0.04) 69.78+3.69  34.10+0.82  35.68+2.96 0.96 +0.05
High dose-male 62.47 £1.39D  27.0420.97)  35.43£1.070  0.76+0.05)  69.38 x4 11 33.18+1.33  36.20+3.22 0.09 0. 07
Negative control-female 7410 £4.70  4.022.92  30.08 £2.68 1.49+0.14  81.04+583  4576+4.54  35.28x1.92 1.30 £0. 12
Adjuvant control-female 77.69£4.61  44.40+3.20  33.2922.321)  1.33x0.12D0 8114292  47.50x2.74  3B.64x1.84 1.44£0.11
Low dose-female 74.35 +6.26 38.94 45470 3541+1.91Y  L10x0.17") 84.82+4.79 47.50 £2.93 37.32£2.38 1.28 +0.08
High dose-Female 66.21 £2.920)  31.85+1.891) 34.36x1.16)  0.92:0.04) 8412638  46.02+2.95  38.10+3.56 1.20 +0.07

T D G HE B L P <0. 05, Anova & Dunett % Stk 835 TP - S (15 Alb - (1 [1; Glb - 3RE19;A/G - AE I/ BREA.

Note:!) P <0.05, compared with negative control, significant difference test by Anova & Dunett; TP — total protein; Alb — albumin; Glb — globulin; A/G — albumin/globulin.

A @D2 OD4 §DS6 @DSS EDII3 B
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Negative control Adjuvant control Low dose

Negative control Adjuvant control Low dose High dose

D88 ,n=10;D2 D4 D86 D113 ,n =5; 5N IE 4%, Anova & Dunett 22530 3%, D P <0. 05, 22 S PEM 5.2 ,2 P <0. 01,
D88 ,n =10;D2 D4 D86 D113 ,n =5 ;significant difference test,!) P <0. 05; extremely significant difference test, 2)P <0. 01 by Anova & Dunett, compared with negative

control group.

B3 ZLABAMBERREAGTELL G EHE(A) M (B) KR BEMAEE A (FIB) G A AKFEMR vxs
Fig. 3 Changes of FIB level in female( A) and male(B) rats within a short time receiving recombinant group B meningococcal vaccine

repeatedly. x +s

K6 FABHMERRTRWEAAGAERAHNLERARKCHRTH A x£5

Tab. 6 Distribution of lymphocyte subsets in rats after end dose of recombinant group B meningococcal vaccine and recovery period. x +s

After three days of last dose (D88,n =10) End of recovery period (D113 ,n=5)
Groups CD3* CD3 +*CD4 * CD3*CD8*  CD3*CD4*/ CD3 + CD3 *CD4 * CD3+CD8* CD3*CD4+*/
/% /% /% CD3*CD8 * /% /% /% CD3 *CD8 *
Negative control-male 48.17 £10.05 59.62 +3.58  38.23 £3.56 1.58 £0.25  48.34 +2.82  54.55+4.78  44.09 £4.77 1.26 +0.27
Adjuvant control-male 52.47 £3.58  62.88+4.24  34.71+3.98 1.84+0.34  42.99+3.27 62.96+5.56  35.29 +5.40 1.84 +0.44
Low dose-male 53.17£6.50 57.70£6.19  39.38 +6.28 1.51+£0.35 46.62+4.72 60.93+£7.97 37.21+7.78 1.72 £0.50
High dose-male 45.00 £5.44  65.90 +4.84  30.89 +4.56 2.19£0.51") 43.76 +4.12  60.38 +3.45  38.14+3.45 1.60 +0.26
Negative control-female 55.74£6.13  64.15+8.01  33.01 +8.00 2.10+0.81 50.02+8.40 60.64 £6.40  38.09 +6.33 1.65 +0.46
Adjuvant control-female 53.81+£4.04 60.69+6.19 36.40 +5.62 1.72£0.45 53.74£8.33  72.55+2.231) 26.15+2.29") 2.80 +0.36")
Low dose-female 54.55+£6.99  66.16 £5.40  30.64 +5.47 2.25+0.64 53.16+6.27 61.38+6.14  37.35x6.10 1.69 +0.37
High dose-female 54.88+7.83  64.56+5.91 31.47 +4.92 2.12+0.52  47.88+6.48  68.08 +4.52  30.46 +4.50 2.29 +0.50

D S FAME IR A, P <0. 05, Anova & Dunett 2% Rk 5.2

Note:!) P <0.05, compared with negative control, significant difference test by Anova & Dunett.

2.6 FREHLEEE S $ A DN L3 PR AR B R, WLAR T K 6,3 IR
PA B BRI A ER B Nm210902 Nmd450522 #k (A J5 (26 63 I, D63 ) I iis % #L B 42 22 B i {0 25 O R 1

WA A1 Nm311302 \Nm311113 BR (B W) £ &P SR B L, AR L e 70 &2 I 36 0 A ME5E

<123 -

HE 224 2024 4F 1 H 56 59 #5652 1Y Chin Pharm J, 2024 January, Vol. 59 No. 2



TGN BRI ) 1% B BE 2 R T 10 512, 55445 3 B
W E IS, HMERESI Y R BRI s X B SR M
AR PRI B BE AN /N T 1:388 554K 550 X6 B 22 57
3 MEVERS R T HENE . P Nm311302 B bk, fi

BDI 0ODS85 1) A
ED88 EDIIZ D

o
o
]

S,
o
I

0.3+

Cytokine in male rats TNF-o/ug-L*!

A .

0- f t na
Negative control Low dose High dose

47 @Dl ODS8s C

= EDS8 EDII3 D

5

=

Q 34

=

2

[

T 27 D

g

&

g

2 14

£

S BE

153 I

N B 22

t t
Negative control Low dose High dose

SRAMERT IR L #E , Anova & Dunett 25 5344 5.2, D P <0. 01,

FAL 2L - B 151 02412676, 535 75 T3 A
FRALIR 1:588 11 512, (AR H A1 4507 bk R
P, Nm311TI3 Gk, 1 725 390 2 1L 4% 1 22 B )

A2

09+ BDI QOD8s B
ED88 EDII3 ]

=]
o
I

0.3

Cytokine in male rats TNF-o/ug-L!

Z/Ms

Negative control Low dose High dose

37 BDI @OD8S D

ED88 EDI113

Cytokine in female rats IL-6/ug. L

Negative control Low dose

P <0.01, compared with negative control group, extremely significant difference test by Anova & Dunett.

Eld4 FHABAMNERREEREEALYEMHEME(AB)FIEME(C,D) KB 401 B F TNF-o F0 1L-6 0 8] HAF R, n=57x+s
Fig.4 Changes of cytokine TNF-a and IL-6 level in male(A,B) and female(C,D) rats within a short time after repeated doses.

n=5,x%s
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Fig. 5 The titer of rat immune serum against two fHBP antigens. n=5,x s
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Fig. 6 Bactericidal activity against group B meningococcal epidemic strains of serum after 63 days first dose(D63). n=5,x s
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Tab.7 Mean bactericidal titer of group B meningococcal epidemic strains A and B subfamily

N. meningitidis GroupB fHBP-A family strains

N. meningitidis GroupB fHBP-B family strains

Groups n Nm210902 Nm450522 Nm311302 Nm311113
Male Female Male Female Male Female Male Female
Adjuvant control 5 1:5 <1:4 1:28 1:37 1:5 1:6 1:9 1:11
Low dose 5 1: 676 1:2 353 1:1783 1:2 048 1:194 1:1 024 1: 676 1:1 176
High dose 5 1:1 024 1:676 1:1 552 1:2048 1:84 1:128 1:388 1:1 176
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A —1M2 animal in negative control group, no obvious abnormal changes in injec-
tion site; B —2M2 animal in adjuvant control group, mild granulomatous inflamma-
tion in injection site;C —4M2 animal in high dose group,acute and granulomatous
inflammation in injection site;D — IM2 animal in negative control group, no obvi-
ous abnormal changes on the sciatic nerve; E — 2M2 animal in adjuvant control
group, visible monocyte infiltration on the sciatic nerve membrane ; F —4M2 animal
in high dose group, visible monocyte infiltration on the sciatic nerve membrane ; G —
1M2 animal in negative control group, no obvious abnormal changes in inguinal
lymph nodes; H —4M2 animal in high dose group,an increase in the number of my-
eloid plasma cells in inguinal lymph nodes; 1 — 1M2 animal in negative control
group, no obvious abnormal changes in sternum marrow;J —4M2 animal in high

dose group,an increase of granulocyte series in sternum marrow.

B7 EHfRH LEHE BERAKEE BB FHESHR

#/ e A 3 BEAR K 00 7T LR & (HE %€, A-HLJ-10 40 4%,

120 40 %)

Fig.7 Lesions related to the test substance/adjuvant control

were observed in the injection site, sciatic nerve, inguinal lymph

nodes, and sternum marrow. ( HE staining, A-H, J-x 10,

I- x20)
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