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EVALUATICN OF REPEATED IMMUNOASSAYS (MOUSE INTRACEREBRAL 
POTBNCY TESTS) OF THE SECOND INTERNATIONAL 

STANDARD OF PERTUSSIS VACCINE 

R . K .  C u p t a ,  S u n i t i  B. S h a r m a ,  S u b h a s h  A h u j a  a n d  S.N. S a x e n a  
Bio logica l  S t a n d a r d i z a t i o n  a n d  Q u a l i t y  C o n t r o l  D i v i s i o n ,  

C e n t r a l  R e s e a r c h  I n s t i t u t e ,  K a s a u l i  (H.P.) 173 2 0 5 ,  I n d i a  

ABSTRACT 

D u r i n g  o n e  y e a r  2 7  p o t e n c y  a s s a y s  of s e c o n d  I n t e r n a t i o n a l  
S t a n d a r d  o f  P e r t u s s i s  V a c c i n e  were p e r f o r m e d .  when t h e  I n d i a n  
S t a n d a r d  of p e r t u s s i s  v a c c i n e  was b e i n g  s t a n d a r d i z e d .  I n  a l l  t h e  
27 a s s a y s ,  t h e  50 % i m m u n i z i n g  d o s e  ( ImDso)  whs c a 1 . c u l a t e d  b o t h  b y  
W i l s o n - W o r c e s t e r  M t h o d  a n d  by p r o b i t  a n a l y s i s .  The I rnDso o f  t h e  
I n t e r n a t i o n a l  S t a n d a r d  v a r i e d  from 0.022 1 . U .  t o  0.076 I . U .  (Mean 
0.0111 I . U . )  when i t  was c a l c u l a t e d  b y  W i l s o n - W o r c e s t e r  m e t h o d  a n d  
f r o m  0.0226 I . U .  t o  0.07011 I . U .  (Mean 0.01102 I . U . )  when i t  was 
c a l c u l a t e d  by p r o b i t  a n a l y s i s .  T h e r e  were n o  s t a t i s t i c a l l y  
s i g n i f l c a n t  d i f f e r e n c e s  b e t w e e n  I m D a o  v a l u e s  c a l c u l a t s d  b y  W i l s o n -  
Worcester methcd  a n d  b y  p r o b i t  a n a l y s i s .  T h s  c h a l l e n g e  dose of 
B o r d e t e l l a  p e r t u s s i s  i n  terms of LDso u n i t s  h a d  n o  e f fec t  o n  t h e  
ImDso v a l u e s .  The  a v e r a g e  s l o p e  ( b )  of t h e  assays was 1.92 when 
c a l c u l a t e d  b y  p r o b i t  a n a l y s i s  a n d  t h e  a v e r a g s  h o m o g e n e i t y  f a c t o r  
((0 i n  t h e s e  assays c a l c u l a t e d  b y  W i l s o n - W o r c e s t e r  x le thod  was 
1.13. 

( K E Y  WORDS: S e c o n d  I n t e r n a t i o n a l  S t a n d a r d  of P e r t u s s i s  V a c c i n e :  
I m m u n o a s s a y s )  

INTRODUCTION 

T h e  i n t r a c e r e b r a l  mouse p o t e n c y  a s s a y  f o r  p e r t u s s i s  v a c c i n e  

d e v e l o p e d  by K e n d r i c k  et; 

p r o v i d e s  a l a b o r a t o r y  m e a s u r e  of v a c c i n e  p o t e n c y  w h i c h ,  as i n  t h e  

is t h e  o n l y  a v a i l a b l e  model  t h a t  
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310 GUPTA ET AL. 

B r i t i s h  Field Tr ia l s ' ,  has been co r re l a t ed  w i t h  t h e  c l i n i c a l  

efficacy. T h i s  t y p e  of assay w i t h  s l i g h t  modification has a l s o  

been recommended f o r  a c e l l u l a r  pe r tusa i s  vaccine developed by 

Japanese workers'. For t he  potency assay of pertussis vaccine, a 

reference preparation is  always included i n  each assay. Finney 8-4 

GL analysed t h e  da ta  from various assays i n  an attempt t o  exclude 

the use of re ference  preparatior,  i n  each assay a s  a l a r g e  par t  of 

the expenditure of time, e f f o r t  and mater ia l s  i n  a s e r i e s  of 

assays i s  devoted t o  work w i t h  the  re ference  preparation. Finney 

yt g' found t h a t  t h e  use of reference preparation i n  an assay can 

not be omitted by u s i n g  t he  average of t he  ImDso over a s e r i e s  of 

assays a n d  found about 8 times var ia t ions  i n  the  I m D s o  values. 

Cameron' a l so  found s i m i l a r  observations.  On the o the r  hand, 

Maloney' found d i f f e r e n t  results accummulated from t h e  da ta  of 

Bureau of Biologics. 

D u r i n g  the  s tandard iza t ion  of Indian Standard of pe r tus s i s  

vaccine aga ins t  t h e  In t e rna t iona l  Standard, a t o t a l  of 27 assays 

of t h e  l a t t e r  standard were performed w i t h  cons i s t en t  technique i n  

our laboratory over a period of one year. I n  most of t h e  develop- 

i n g  count r ies ,  t he  I m D s o  i s  ca lcu la ted  by Wilson-Worcester method' 

as described i n  the WHO manuale due t o  non-ava i lab i l i ty  of 

computer f a c i l i t i e s .  I n  t h i s  repor t  t he  va r i a t ions  observed among 

various assays of the Second In t e rna t iona l  Standard of Pe r tus s i s  

Vaccine have been determined w i t h  I m D s o  c a l cu la t ed  by Wilson- 

Worcester method an6 by probi t  analysix.  
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INTERNATIONAL STANDARD OF PERTUSSIS VACCINE 311 

MATERIALS AND METHODS 

In t e rna t iona l  Standard of Pe r tus s i e  Vaccine 

The Second In t e rna t iona l  Standard of Pe r tus s i s  Vaccine w i t h  a 

unitage of b6  I . U .  p e r  ampoule9 was received from t h e  S t a t ens  

Serum I n s t i t u t e ,  Copmhagen, Denmark. T h e  conten ts  of each ampoule 

were recons t i tu ted  t o  8 I . U .  per m l  i n  5.75 m? of s t e r i l e  normal 

s a l i n e .  For each assay 1 m l  of t he  r econs t i t u t ed  vaccine was used 

and one ampoule was s u f f i c i e n t  f o r  5 assaye over a period of about 

2-3 months. D u r i n g  t h i s  period t h e  r econs t i t u t ed  vaccine was 

s to red  a t  (1-8'c. 

M& 

Swiss a lb ino  mice of the  LACA s t r a i n  weighing 13-15 g of both 

sexes i n  equal numbers were used. A t o t a l  of 20 randomised n i c e  

(10 male and 1G female) were used f o r  each d i lu t ion .  

l n t r ace reb ra l  potency assay 

The a c t i v e  mouse pro tec t ion  t e s t  (potency assay! was performed 

i n  accordance w i t h  t h e  recommendation of WHO'*. Three d i l u t i o n s  of 

t h e  standard pe r tus s i s  vaccine i n  5 fo ld  s t e p s  were prepared i n  

normal s a l i n e .  The various d i l u t i o n s  contained 0.5 I . U . ,  0.1 I.U. 

and 0.02 I . U .  per m l .  Each d i l u t i o n  was in j ec t ed  i n t r a p e r i t o n e a l l y  

i n  a volume of 0.5 ml t o  each of 20 mice. Fourteen days a f t e r  

i n j ec t ion ,  each mouse was inoculated i n t r c e r e b r a l l y  w i t h  0.03 ml 

of suspension of Bordetella p e r t u s s i s  18323 ( i n  1% casamino a c i d  

sa l ine )  containing 100,000 organisms. Five fo ld  d i lu t ions  of t h e  

challenge suspension were a l s o  inoculated i n  normal mice kept 

alongwith t h e  immunized mice f o r  t h e  ca l cu la t ion  of 50% l e tha l  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



3 12 GUPTA ET AL. 

d o s e  ( L D 5 o )  o f  c h a l l e n g e  s u s p e n s i o n .  On t h e  1 7 t h  d a y  of e a c h  a s s a y  

16 h e a l t h y  mice ( 8  male a n d  8 female) were a l l o w e d  t o  remain f o r  

e a c h  d i l u t o n  a n d  t h e  extra mice were d i s c a r d e d .  T h e  d e a t h s  were 

r e c o r d e d  f o r  t h e  n e x t  11 d a y s  after s e l e c t i o n .  T h e  ImDso i n  e a c h  

a s s a y  was c a l c u l a t e d  i n i t i a l l y  b y  t h e  W i  l s o n - W o r c e s t e r  method '  

w i t h  t h e  h e l p  of t a b l e s  d e s c r i b e d  i n  t h e  WHO m a n u a l a .  After t h a t  

t h e  I rnD50  was a l s o  c a l c u l a t e d  by p r o b i t  a n a l y s i s  f o r  e a c h  a s s a y  

u s i n g  a programmed S e i k o  S-301 c o m p u t e r .  T h i s  a n a l y s i s  was d o n e  

u s i n g  t h e  c o m p u t e r  f a c i l i t i e s  of t h e  T a k e d a  C h e m i c a l  I n d u s t r i e s  

L t d . ,  H i k a r i  P l a n t ,  J a p a n  when o n e  of t h e  a u t h o r s  was u n d e r  

t r a i n i n g  t h e r e .  

S t a t i s t i c a l  a n a l y s i s  

The  ImDso v a l u e s  c a l c u l a t e d  b y  W i l s o n - W o r c e s t e r  m e t h o d  a n d  b y  

p r o b i t  a n a l y s i s  were e v a l u a t e d  b y  a n a l y s i s  of v a r i a n c e  u s i n g  a 

programmed S h a r p  PC-1500 p o c k e t  c o m p u t e r .  T h e  ImDso v a l u e s  a n d  

h o m o g e n e i t y  f a c t o r  (d) a n d  s l o p e  ( b )  were e v a l u a t e d  a l s o  b y  mean, 

s t a n d a r d  d e v i a t i o n  (SD), s t a n d a r d  error a n d  95% c o n f i d e n c e  

i n t e r v a l s  as recommended r e c e n t l y " .  

RESULTS 

T a b l e  1 s h o w s  t h e  1mDs0 v a l u e s  of v a r i o u s  a s s a y s  p e r f o r m e d  o n  

t h e  S e c o n d  I n t e r n a t i o n a l  S t a n d a r d  of P e r t u s s i s  V a c c i n e .  T h e  I m D s o  

values v a r i e d  from 0 . 0 2 2  I . U .  t o  0.076 I . U .  (Mean 0 . 0 4 1  I . U . )  

s h o w i n g  3.45 times v a r i a t i o n s  among ImDso v a l u e s  when t h e s e  were 

c a l c u l a t e d  b y  W i l s o n - W o r c e s t e r  method.  The I m D n o  v a l u e s  c a l c u l a t e d  

by p r o b i t  a n a l y s i s  s h o w e d  3 . 1 2  f o l d  v a r i a t i o n s  w i t h  1mDs0 v a l u e s  

r a n g i n g  from 0 . 0 2 2 6  I.U. t o  0.0yOll I . U .  (Mean 0 . 0 4 0 2  I . U . ) .  The  
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TABLE 1. 
ImDso values of t h e  Second In t e rna t iona l  Standard of p e r t u s s i s  
vac c i n e  . 
E X p t .  ImDso (1.U. X 100) by Challenge dose 
No. Wi lson-Worcester method Probit  method LDSO u n i t s  
1 
2 
3 
b 
5 
6 
7 
8 
4 
LO 
11 
1 2  
13 
10 
15 
15 
1 7  
18 
19 
20 
2 1  
22 
23 
211 
25 
2 6  
27 

Mean 
S. D. 
Standard 
Error 
95% Conf 

2.99(2.23-3.88) 
6.68(5.&1-8.22) 
6.16( b .81-7.89) 
2.63(1.73-3.96) 
3.63(2.75-h. 75) 
2. b3( 1.89 - 3.10) 
3.63(2.75-b.  75) 
5.59( 4.08-7.77) 
3.04'( 2. b0-3.82) 
3.63( 2.68-11.89) 
3.63(2.68-&.89) 
3.&6(2.b2-5.11) 
3 .68(2.91-&.71)  
7.66(5.85-9.96) 
5 .59(  25 -7.32) 
U.40(3.08-6.33) 
b.bO(3.33-5.85) 
II. b 6 (  3.39-5.85) 
b.b6(3.39-5.85) 
3.68(2.91-b.71) 
5. Gc(3.95-6.35) 
5.59(b.25-7.32) 
5. oo( h.  15- 6.00) 
2. b j (  1.89- 3.10) 
2.h3(1.89-3.10) 
2. 3 1 ( i .  70-3.  l b )  
2.20( 1.70-2.90) 
b.  l o  
? . 4 @  
0.27 

3.55 t c  b.65 3.50 t o  h.88 

210 
250 
179  
204 
373 

86 
h89 
558 
528 

64 
68b 

35 
278 
h 9 l  
369 

67 
7b9 
324 
353 
667 
298 
289 
215 
b r 8  
934 
655 
7118 

l n t e r v a i s  

Figures i n  paren thes is  shou t h e  95% f i d u c i a l  limits of ImDso 
values. 
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3 14 GUPTA ET AL. 

TABLE 2 
Analysis of variance between I m D s o  values obtained by Wilson- 
Worcester method and by probi t  ana lys i s .  

Source of Sum of Degrees of Mean F 
var ia t ion  squares freedom squares 
Between ca l cu la t ion  0.00001 1 0.00001 1 . 4 .  
methcds 
getween experiments 0.00883 26 0.00034 115.7 
Residual 0.0001g 26 0.000007 
Total 0.00903 53 

, 

L D b o  values of t h e  challenge dose used  i n  each assay varied from 

35 t o  934. The  challenge dose had no e f f e c t  on t h e  ImDgo values. 

There were not much d i f fe rences  i n  mean, SD, standard error 

and 95% confidence limits of ImDso  values ca lcu la ted  by Wilson- 

Worcester method and by probi t  ana lys ia .  T h e  results of ana lys i s  

of variance a l s o  d i d  not show s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rence  

between ImDso values ca lcu la ted  by Wilson-Worcester method and by 

probi t  analysik (P>0.05). These results a r e  summarfzed i n  Table 2. 

The slopes of various assays ca lcu la ted  by both the  methods 

i . e .  homogeneity f a c t o r  (d) by Wilson-Worcester method and ' b '  by 

probit  ana lys i s  a r e  shown i n  Table 3. T h e  ' b '  value was s l i g h t l y  

higher than t h e  '4' value i n  most of t h e  assays. The 'A' values 

ranged from 0.97 t o  2.59 (Mean 1.73) w h i l e  t h e  ' b '  values varied 

from 1.20 t o  2.85 (Mean 1.92).  'The mean, SD, standard e r r o r  and 

95% confidence limits f o r  '4' and 'b' valuas were very s imi la r .  

DlSCUSSION 

The v a r i a b i l i t y  of the  in t r ace reb ra l  potency assay of 

pe r tus s i s  vaccine is well known4*1*'a'2. Despi t e  t hese  var ia t ions  and 
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TABLE 3 
Homogeneity f a c t o r  ((0 and s lope  (b) of t h e  f i t t e d  regreas ion  
Lines ca lcu la ted  by Wilson-Worcester method and p rob i t  ana lys i s  
respec t ive ly .  

1 
2 
3 
0 
5 
6 
7 
8 
9 
10 
11 
12 
13 
10 
15 
16 
17 
18 
19 
20 
21 
22 
23 
20 
25 
26 
27 

Mean 
S. D. 
Standard Error 
95% Confidence 
i n t e r v a l s  

E x p t .  Homcgeneity Slope 
No. f a c t o r  (4) (b)  

1.80 1.92 
2.59 2.53 
1.97 2.22 
0.97 
1.69 
2.05 
1.69 
1.22 
2.20 
1.03 
1.b3 
1.07 
2.02 
1.73 
1.63 
1.06 
1.63 
1.63 
1.63 
2.02 
1.93 
i.63 

2.05 
2.05 
1.03 

2.59 

1.82 
1.73 
0.39 
0.075 
1.58 t o  
1.88 

1.20 
1-95 
2.05 
1.91 
1.117 
2.22 
1.70 
1.65 
1.32 
2.23 
1-95 
1.91 
1.26 
1.92 
1.92 
1.92 
2.23 
2.11 
1.91 
2.85 
2.05 
2.05 
1.53 
1.93 
1.92 
0.36 
0.069 
1.78 t o  
2.06 

i t s  doubtful usefulness i n  the  cont ro l  of a c e l l u l a r  pe r tus s i s  

vaccine' 'r' ' and even i n  the  whole c e l l  p e r t u s s i s  vaccine15, t h i s  

i s  the  only t e s t  which showed co r re l a t ion  w l t h  p ro tec t ion  i n  

children during MRC t r i a l s ' .  Moreover i t  i s  still t h e  only 

mandatory potency t e s t  f o r  a c e l l u l a r  p e r t u s s i s  vaccine3 and i s  
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316 GUPTA ET AL. 

widely used i n  a l l  countries f o r  t he  cont ro l  of pe r tus s i s  vaccines 

i n  the  absence of any r e l i a b l e  and p r a c t i c a l  a l t e r n a t i v e  t e s t 1 3 .  

In the present s t u d y ,  s l i g n t l y  more than a 3 f o l d  va r i a t ion  

was found i n  t he  ImDso values i n  27 assays performed i n  one 

year. The var ia t ion  was not as high a s  tha t  found by Finney et  

g ' .The  var ia t ions  i n  the  potency values of t he  Secorld 

In te rna t iona l  Standard of Pe r tus s i s  Vaccine among various 

labora tor ies  were about 3 f o l d 9 .  T h e  challenge dose had no e f f e c t  

on the  I m D 5 0  values (Table 1). For example i n  experiments No. 11 

s n d  1 2  the var ia t ions  among challenge doses were ebout 20 times 

whereas the I d s o  values f o r  these  2 experiments were s imi l a r .  The 

r e s u l t s  reported by  o ther  workers a l s o  do n o t  show any e f f e c t  of 

challenge dose on potency v e l ~ e s ~ ~ ' ~ .  

The 1mDs0 values ca l cu la t ed  by 2 d i f f e r e n t  s t a t i s t i c a l  methods 

were s imi la r .  The slmple Wilson-Worcester method f o r  t h e  

ca lcu la t ion  of ImDso i s  q u i t e  s a t i s f a c t o r y  f o r  developing 

count r ies ,  where the mwe complicated probi t  ana lys i s  method is 

d i f f i c u l t  t o  follow because of lack of computer f a c i l i t i e s .  

The slopes of t he  various assays were mostly between 1 and 2 as 

expected (Table 3 ) .  These r e s u l t s  a r e  s imi l a r  t o  those reported 

e a r l i e r  f o r  t h e  same preparation'.  The s lope  ( b )  a n d  t h e  

homogeneity f a c t a r  ( d )  values ca lcu la ted  by probi t  ana lys i s  and 

Wilson-Worcester method respec t ive ly  d i d  n u t  show much di f fe rence .  

From the r e s u l t s ,  I t  i s  observed t h a t  t he  d i f f e rences  i n  the 

1mDs0 values found i n  various assays a r e  not as h i g h  as reported 

e a r l i e r  and the  average of various assays could a c t  as 3 g u i d e  f o r  
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t h e  f u r t h e r  e x p e r i m e n t s  i n  w h i c h  t h e  r e f e r e n c e  may b e  t e s t e d  i n  

small number of a n i m a l s .  
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