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The potency, toxicity and immunogenicity of
glutaraldehyde inactivated pertussis vaccine
R. K. GUPTA, S. N. SAXENA, S. B. SHARMA, S. AHUJA

ABSTRACT
Whole cell pertussis vaccine was prepared by inactivation
of Bordetella pertussis organisms with glutaraldehyde
under optimal conditions (0.05% glutaraldehyde at room
temperature for 10 minutes). This glutaraldehyde inacti-
vated pertussis vaccine-1 (GIPV-1) was compared to the
routinely produced heat inactivated (56°C for 30 minutes)
pertussis vaccine (HIPV) for potency, toxicity and
immunogenicity. Three batches of GIPV-1 and HIPV
were prepared from B. pertussis strains 134, 509 and
10536. Other batches of GIPV were also prepared by
inactivating the organisms with 0.05% glutaraldehyde at
room temperature for 30 minutes (GIPV-2). The potency
of both the GIPV preparations was slightly less than that
of HIPV but no statistically significant differences were
found. The toxicity of GIPV preparations evaluated by
the mouse weight gain test (MWGT) and tests for histamine
sensitizing factor (HSF) and leucocytosis promoting factor
(LPF) was lower than that of HIPV. The average weight
gain of mice on day 7 and HSF and LPF activity of both
the GIPV preparations were different from those of
HIPV preparations (p<O.01). The agglutinin production
in mice inoculated with HIPV, GIPV-1 or GIPV-2 pre-
parations was very similar against various antigens of
B. pertussis. The agglutinins were produced against all the
three major agglutinogens of the B. pertussis strains from
which the preparations were made. The mice inoculated
with G IPV -1 and GIPV -2 preparations showed neutralizing
antibodies against pertussis toxin in their sera while those
inoculated with HIPV preparations did not produce those
antibodies. Thus, as GIPV preparations have a potency
and immunogenicity similar to HIPV preparations and
are less toxic, they are better pertussis vaccines.

INTRODUCTION
In the currently available whole cell pertussis vaccine
some toxicity is accepted to achieve a certain level of
potency. 1 There has been a need for safe and effective
vaccines with lesser reactogenicity for many years.P?
Recently, although several reports have described the
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production of safe and effective acellular pertussis vac-
cines,6-10 the use of whole cell pertussis vaccine has been
preferred." It is difficult to establish the clinical efficacy
of subcellular or acellular vaccines'? and it would take a
long time to organize and complete clinical trials with it.13
Though encouraging results of the efficacy of the
Japanese acellular pertussis vaccine have been obtained
from preliminary field trials.s more clinical trials in infants
below one year of age are required to assess its safety.14,15
Thus, the whole cell pertussis vaccine will continue to be
used in many countries.

Whole cell pertussis vaccine is generally prepared by
heat inactivation and thiomersal preservation. The heat-
ing used for the preparation kills the organisms and
destroys the thermonecrotic toxin but does not reduce the
pertussis toxin (PT)16-the factor which causes the disease'?
and is responsible for the biological activity and toxicity
of pertussis vaccine.l=" Some attempts have also been
made to produce toxoids of PT and other toxins of B. per-
tussis without destroying their immunogenicity. !2.21The use
of glutaraldehyde in the preparation of a number of vac-
cines that are safe toxoids has been described.i=" This
prompted us to prepare whole cell pertussis vaccine by
inactivation of the organisms with glutaraldehyde.
Encouraged by the results of preliminary tests on the
safety, potency and stability of the glutaraldehyde inacti-
vated pertussis vaccine (GIPV),29-32 we have investigated
what might be the optimal conditions for inactivation of
B. pertussis organisms with glutaraldehyde. 33

MATERIALS AND METHODS
Bordetella pertussis strains
B. pertussis strains 10536 (serotype 1,2,3), 134 (serotype
1,3) and 509 (serotype 1,2) received from the Triple Vac-
cine Division of the Central Research Institute, Kasauli
were used to produce pertussis suspensions; strain 18323
(serotype 1,2,3) received from the Institute of Immuno-
logy, Zagreb, Yugoslavia was used as a challenge strain in
the intracerebral mouse protection (potency) test; and
strains GL353 (serotype 1), 360E (serotype 1,2) received
from Dr Noel W. Preston, University of Manchester,
Manchester, UK and strain Tohama (serotype 1,2)
received from Dr Yuji Sato, National Institute of Health,
Tokyo, Japan were used to prepare antigens for the mic-
roagglutination test. These strains were received and
maintained in a lyophilized state by making freeze-dried
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copies after subculturing the original strains on the
Bordet-Gengou medium.

Purified pertussis toxin
The purified PT preparation, JNIH-534was a gift from Drs
Yuji Sato and Hiroko Sato of the National Institute of
Health, Tokyo, Japan. The PT preparation was in the
freeze-dried state and contained 62.5lJ.g of total protein.
It was reconstituted in 1 ml of sterile normal saline and
stored at 4-8°C till used.

Monospecific pertussis typing sera
Dried monospecific pertussis typing sera for factors 1, 2
and 3 were supplied by Dr I. A. Lapaeva, Gamaleya Insti-
tute of Epidemiology and Microbiology, Moscow, USSR.
These were reconstituted in normal saline and used
according to the instructions provided.

National standard of pertussis vaccine
The national standard of pertussis vaccine containing 54
I.U. per vial, standardized against the second international
standard for pertussis vaccine." was used for determining
the potency of the pertussis preparations. The contents of
each vial were reconstituted to 8 I.U. per ml in 6.8 ml of
sterile normal saline and stored at 4-8°C.

Chinese hamster ovary cells
The Chinese hamster ovary (CHO) cell line was received
at the seventy-eighth passage from the Measles Vaccine
Section of the Institute. The CHO cells were maintained
by serial passage after every 3 days in Eagle's minimum
essential medium (MEM) containing 50 lJ. g/ml of tetracy-
cline, 25 mM HEPES buffer and 10% calf serum.

Animals
Swiss albino mice of the DACA strain weighing 13 to 15g
were used in tests for potency and leucocytosis promoting
factor (LPF), those weighing 14 to 16 g for the mouse
weight gain test (MWGT) and 20 to 25 g for the test for
histamine sensitizing factor (HSF). All these animals were
from the Experimental Animal House of the Institute.

Pertussis suspensions
Three bacterial harvests from each of the B. pertussis
strains 10536, 134 and 509 were prepared by growing the
organisms in Verwey medium= at 35°C for 42 to 48 hours
in 10 litre flasks loaded on shakers. The bacterial mass in
each flask was separated by centrifugation and suspended
in 250 ml of normal saline without preservative. Each har-
vest was examined for purity, opacity and agglutinogens.
The capacity of each harvest was adjusted to 200 Interna-
national Opacity Units (200x 109 organisms per ml) in
normal saline. The organisms of each harvest were inacti-
vated separately by heat and by glutaraldehyde under
optimal conditions. The inactivation conditions are
described below.

Heat: One portion of each batch, in a volume of 150 ml,
was heated at 56°C for 30 minutes in a water bath. The sus-
pension was shaken frequently during heating. After
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heating, the bottle was cooled in running water as quickly
as possible and the contents centrifuged at 4000 rpm for
60 minutes at 4°C. The bacterial mass was resuspended in
150 ml of normal saline containing 0.02% thiomersal.

Glutaraldehyde: For GIPV suspensions, a 0.05% con-
centration of glutaraldehyde (Wako Pure Chemical Co.,
Osaka, Japan) was obtained by adding 7.5 ml of a 1%
aqueous solution to 150 ml of suspension in a glass bottle.
The suspension was held at room temperature for 10
minutes to make the GIPV-l preparations. 50 ml aliquots
from 7 batches were allowed to remain at room tempera-
ture for 30 minutes to make GIPV-2 preparations. After
inactivation for 10 or 30 minutes the suspensions were
centrifuged at 4000 rpm for 60 minutes at 4°C. The super-
natants were discarded and the bacterial masses resus-
pended in normal saline containing 0.02% thiomersal.
The volume of the normal saline was the same as that of
the bacterial suspension used for inactivation.

Tests on concentrated pertussis suspensions
After making pertussis suspensions (2 types of GIPV pre-
parations and one heat inactivated pertussis vaccine
(HIPV) preparation for various harvests), each prepara-
tion was subjected to quality control tests in accordance
with WHO recornmendations.F-" An aliquot of each
preparation was diluted in normal saline to 40 Interna-
tional Opacity Units (40 x 109 organisms per ml) for these
tests. The concentration of thiomersal in the diluted
aliquot was 0.01 %.

Test for opacity
The opacity of bacterial harvests was determined before
and after inactivation.P Briefly, the samples to be tested
were diluted with normal saline and their absorbance was
recorded in a spectrophotometer at a wavelength of 440
nm. The opacity of the sample was then determined with
the help of a standard curve showing a linear relationship
between absorbance and opacity.

Test for potency
The potency (intracerebral mouse protection) test was
performed on various types of pertussis preparations in
accordance with recommendations of the WH038 and as
described earlier. 40The ImDsovalues for the test and stan-
dard preparations and the relative potency were deter-
mined by probit analysis using a Sharp PC 1500computer.
The computer programme for determination of ImDso
values, potency and 95% fiducial limits was developed by
Mr Yoshinobu Horiuchi and Mr Shigekatsu Yoshizawa of
the Chiba Serum Institute, Chiba, Japan.

Mouse weight gain test
The MWGT was performed according to the guidelines of
the WHO.38,41For each sample, 10 randomly selected
mice were used. The deaths and group weights of mice in
the test and the control groups were recorded daily for
seven days. All pertussis preparations made from a single
harvest were tested simultaneously.
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Test for histamine sensitizing factor
The HSF activity of each preparation was determined by
the method described earlier. 33.42 The results were expres-
sed as the number of organisms of each sample equivalent
to one HSDso. As there is no reference preparation of
pertussis vaccine for HSF estimation, the HSDso of HIPV
was taken as reference and the relative HS activities of
GIPV-1 and GIPV-2 preparations were calculated. To
minimize variations in the HSF assay, the various
preparations from one batch were assayed in a single
experiment.

Test for leucocytosis promoting factor
The LPF activity of various types of pertussis preparations
was assayed by inoculating 0.5 ml of 20 International
Opacity Units diluted suspensions intraperitoneally to
each of five mice. Another group of five mice was inocu-
lated with normal saline as a control. On day 4 post-
inoculation, each mouse was bled by cutting the tip of the
tail and 0.05 ml blood was mixed with 0.95 ml dilution
fluid for total leucocyte counts (TLC).43 The leucocytes
were counted in a Neubauer chamber and TLC values per
cu mm blood were calculated as described in the WHO
manual." The relative LPF activities for various samples
were calculated by dividing the mean TLC values of test
mice with the mean TLC values of control mice.

lmmunogenicity test
The immunogenicity of all batches of HIPV, GIPV -1 and
GIPV-2 preparations was evaluated in mice with regard
to production of agglutinins and neutralizing antibodies
against PT according to the method described already. 44
The mice used for the MWGT (dose: 10 International
Opacity Units per mouse intraperitoneaIly) were given a
second dose of the same amount, 14 days after the first.
The mice were then bled and the serum separated. The
sera of mice belonging to same group were pooled in
equal volumes and inactivated at 56°C for 30 minutes.
These sera were stored at - 20°C till tested by the mic-
roagglutination test and PT neutralization test in CHO
cells. 4~

RESULTS
Control tests on bacterial harvests
All the bacterial harvests exhibited the morphological,
staining and cultural characteristics of B. pertussis. The
suspensions made from B. pertussis strain 10536 had
agglutinogens 1, 2, 3; and those from strain 134 showed
the presence of agglutinogens 1, 3; while suspensions
from strain 509 contained agglutinogens 1,2. After inacti-
vation of the organisms with heat or glutaraldehyde, all
the suspensions were sterile and did not contain live B.
pertussis organisms.

Opacity test
The opacities of pertussis suspensions before and after
inactivation are shown in Table I. The effect of 0.05%
glutaraldehyde for 10 and 30 minutes was very similar.
The mean loss in opacity after inactivation with glutaral-
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TABLE I. Effect of heat and glutaraldehyde on the opacity of
different strains of B. pertussis suspensions

Batch No. Number of organisms (x 10Y)

Before HIPV GIPV-l GIPV-2
inactivation

1110536 200 172 177
2110536 200 i72 183
3/10536 200 177 187 187
41134 200 177 187 183
5/134 200 172 183 183
6/134 200 172 187 187
7/509 200 180 185 185
8/509 200 177 187 185
9/509 200 172 183 185

Mean 200 174.5 184.3, 185
% Loss 12.8 7.9 7.5

,. Not prepared

TABLE II. Potency of different strains of B. pertussis suspensions

Batch No. Potency (I. U. per 40x 109organisms)

HIPV GIPV-l

1110536 10.3 (4.7-21.0) 8.1(4.5-14.8)
2/10536 11.7 (4.5-50.7) 9.9(6.5-.D3.1)
3/10536 19.7(11.4-31.7) 17.7(7.5-39.1)
4/134 9.3 (4.2-21.0) 6.8(3.9-13.4)
51134 7.7 (5.5-16.3) 8.1(3.5-17.5)
61134 9.7 (4.9-20.1) 7.3(3.8-14.1)
7/509 13.3 (6.2-28.1) 23.9(8.9-35.8)
8/509 17.5 (9.fr35.5) 14.4(6.1-32.1)
9/509 13.3 (6.1-32.7) 12.1(4.8-31.0)

GIPV-2

19.1(8.3-37.6)
5.6(3.1-13.7)
7.3(3.4-16.7)
5.8(4.2-12.0)

21.2(8.8-43.5)
13.9(8.4-32.0)
11.5(7.1-24.4)

Figures in parenthesis show 95% fiducial limits of potency.
• Not prepared

dehyde for 10 minutes was 7.9%; for 30 minutes it was
7.5% while the mean loss was 12.8% after inactivation of
the organisms with heat.

Potency test
Table II shows the potency values of the HIPV, GIPV-1
and GIPV-2 preparations. The potency of all prepara-
tions were almost similar and there were no statistically
significant differences. However, the potency values of
GIPV-1 and GIPV-2 preparations were slightly lower
than those of HIPV preparations for most of thebatches.

Mouse weight gain test
Table III shows the average weight gains of mice inocu-
lated with HIPV, GIPV-1 and GIPV-2 preparations. The
average weight gains on post-inoculation days 3 and 7 for
GIPV-1 and GIPV-2 inoculated mice were higher than
those inoculated with HIPV preparations. The mean per
cent weight gains on post-inoculation day 7 when compared
with the control group were 77, 104 and 104 for the HIPV,
GIPV-1 andGIPV-2 preparations respectively. There
were significant differences between weight gains on day



166

TABLE III. Mouse weight gain of vaccines prepared from different
strains of B. pertussis

Batch No Average weight gain (g) per mouse

HIPY GIPY-l GIPY-2
Day3 Day7 Day3 Day7Day3 Day7

1110536 0.2 0.7 0.3 1.0
2/10536 0 1.0 0.2 1.3
3/10536 0 1.2 0.2 1.5 0.3
4/134 0 0.6 0.7 1.3 0.5
51134 0 0.7 0.4 1.0 0.4
6/134 0.1 0.9 0.5 1.1 0.6
7/509 0.4 1.2 0.5 1.2 0.3
8/509 0.2 0.8 0.6 1.2 0.5
9/509 0 0.8 0.3 1.0 0.2

Mean 0.1 0.9 0.4 1.2 0.4
%wt.gain 77 104

• Not prepared

7 of mice inoculated with HIPV and GIPV-l preparations
(p<O.Ol) and also of those inoculated with HIPV and
GIPV-2 preparations (p<O.Ol) showing that GIPV prep-
arations had a low toxicity. All the preparations passed
the MWGT according to WHO specifications."

Histamine sensitizing test
The HS activities of various types of pertussis preparations
are shown in Table IV. The HSDso values varied between
1.7xlOB and 4.1x108 organisms (mean 2.6xl08
organisms) for HIPV preparations; between 9.8x 108and
24.3xlOB organisms (mean 14.6xlOB organisms) for
GIPV-1 preparations; and between 9.2x10B and
25.0x lOB organisms (mean 18.4x lOB organisms) for
GIPV-2 preparations. The GIPV-2 were the least histamine
sensitizing, showing 0.14 mean relative HS activity as
compared to the HS activity of HIPV preparations. The
mean relative HS activity of GIPV-1 preparations was
also very low (0.18). There were significant differences
between HSDso values of HIP V and GIPV-l preparations
(p<O.Ol); and of HIPV and GIPV-2 preparations
(p<O.Ol). There were, however, no differences between
the HSDso values of the GIPV-1 and GIPV-2 preparations
(p>0.05).

Test for leucocytosis promoting factor
Table V shows the mean TLC of mice inoculated with
various types of pertussis preparations. This varied bet-
ween 14140 and 25680 per cmm for HIPV inoculated
mice; between 5940 and 10560 per cmm for GIPV-l
inoculated mice; between 6020 and 10 000 per cmm for
GIPV-2 inoculated mice; and between 5200 and 6160 per
cmm for saline inoculated mice. There were no differences
between TLC values of mice inoculated with GIPV -1 and
saline (p>O.Ol); with GIPV-2 and saline (p>0.05); and
with GIPV-l and GIPV-2 (p>0.05). But there were signi-
ficant differences between TLC values of mice inoculated
with HIPV and saline (p<O.Ol); with HIPV and GIPV-1
preparations (p<O.Ol); and between HIPV and GIPV-2
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TABLE IV. HSD,o values of different strains of B. pertussis
suspensions

Batch
No.

Histamine sensitizing activity

HIPY GIPY-I GIPY-2

HSD;o Relative HSD51J Relative HSD51J Relative
(lOXorg) activity' (lOXorg) activity" (lOXorg) activity

1.7 1110536 2.6 1.0 9.8 0.27
1.2 2110536 2.8 1.0 12.4 0.23 ;~*
1.1 3/10536 3.0 1.0 14.9 0.20 24.6 0.12
1.1 41134 4.1 1.0 24.3 0.17 25.0 0.16
1.0 51134 3.2 1.0 21.2 0.15 23.0 0.14
1.0 61134 2.6 1.0 15.7 0.17 23.0 0.11
1.2 7/509 !.7 1.0 10.0 0.17 9.2 0.18
1.2 8/509 !.7 1.0 11.5 0.15 11.5 0.15
104 9/509 2.1 1.0 11.3 0.19 12.8 0.16

Mean 2.6 1.0 14.6 0.18 18.4 0.14

• The relative activity has been calculated in comparison to HSD;u value of HIPV.
•• Not prepared

TABLE V. Mean total leucocyte count (TLC) of mice inoculated
with lOx 109 organisms per mouse of various types of pertussis
preparations

Batch No. Type of MeanTLC Relative
pertussis (percmm) activity
preparation

HIPY 19680 3.8
GIPY-I 7520 1.4
Control 5200 1.0

HIPY 24400 4.7
GIPY-l 6960 1.3
Control 5200 1.0

HIPY 25680 4.2
GIPY-l 10560 !.7
GIPY-2 10000 1.6
Control 6160 1.0

HIPY 14140 2.7
GIPY-l 6580 1.3
GIPY-2 6020 1.1
Control 5240 1.0

HIPY 20640 3.9
GIPY-l 7100 1.4
GIPY-2 6020 1.1
Control 5240 1.0
HIPY 22000 4.2
GIPY-l 6880 1.3
GIPY-2 6700 1.3
Control 5240 1.0

HIPY 22480 4.3
GIPY-I 6760 1.3
GIPY-2 6880 1.3
Control 5240 1.0

HIPY 17920 3.4
GIPY-I 8080 1.5
GIPY-2 7400 1.4
Control 5240 1.0
HIPY 25200 4.8
GIPY-l 5940 1.1
GIPY-2 6640 1.3
Control 5240 1.0

1110536

2110536

3/10536

41134

5/134

6/134

7/509

8/509

9/509
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TABLE VI. Agglutinin production in mice immunized with 2 doses (each dose of lOx 109 organisms per
mouse) of pertussis vaccines

Batch Type of Agglutinin titre against B. pertussis suspensions
No. pertussis

vaccine Before adsorption After adsorption

10536 GL353 134 360E Tohama 10536 GL353 134 360E Tohama

1110536 HIPY 800 640 960 160 320 720 <40 360 120 200
GIPY-1 1600 960 1600 320 480 800 <40 680 160 240

2/10536 HIPY 1280 640 1280 1280 1280 640 <40 640 1280 1280
GIPY-1 1280 1280 1280 1280 1280 640 <40 640 640 640

3/10536 HIPY 2560 1280 1280 640 640 1280 <40 320 320 320
GIPY-l 2560 2560 2560 1280 1280 1280 <40 160 640 1280
GIPY-2 2560 1280 1280 640 640 640 <40 80 320 320

4/134 HIPY 2560 2560 2560 320 640 1920 <40 960 <40 <40
GIPY-1 1280 1280 1280 160 320 960 <40 480 <40 <40
GIPY-2 1280 1280 1280 160 320 960 <40 480 <40 <40

5/134 HIPY 1280 1280 640 640 640 1280 <40 320 <40 <40
GIPY-l 2560 1280 1280 160 80 1280 <40 640 <40 <40
GIPY-2 1280 1280 640 160 80 1280 <40 640 <40 <40

6/134 HIPY 1280 640 2560 320 160 640 - <40 1280 <40 <40
GIPY-l 1280 1280 2560 160 160 640 <40 1280 <40 <40
GIPY-2 2560 1280 1280 320 80 640 <40 640 <40 <40

7/509 HIPY 1280 1280 640 320 640 240 <40 <40 1180 480
GIPY-l 1280 1280 320 1280 2560 480 <40 <40 1920 1920
GIPY-2 1280 1280 320 640 1280 240 <40 <40 960 960

8/509 HIPY 2560 2560 640 640 640 640 <40 <40 320 320
GIPY-1 2560 1280 160 1280 1280 1280 <40 <40 320 640
GIPY-2 2560 1280 160 1280 1280 1280 <40 <40 640 640

9/509 HIPY 1280 1280 320 1280 1280 640 <40 <40 640 1280
GIPY-l 2560 1280 320 1280 1280 640 <40 <40 640 640
GIPY-2 640 640 160 640 640 640 <40 <40 320 640

preparations (p-co.oi). The relative LPF activity of HIP V
varied between 2.7 and 4.8; of GIPV-1 between 1.1 and
1.7; and of GIPV-2 between 1.1 and 1.6.

Immunogenicity test
The agglutination tit res of sera collected from mice
immunized with two doses of lOx 109 organisms per
mouse of different types of preparations are shown in
Table VI. The agglutinin titres of sera obtained from mice
immunized with HIPV, GIPV-1 or GIPV-2 preparations
were very similar before and after adsorption of the sera.
Table VII shows the neutralizing titres of the sera of mice
immunized with 2 doses of 10 x 109organisms per mouse
of HIPV, GIPV-1 and GIPV-2 preparations. The sera
obtained after immunization with HIPV preparations did
not contain neutralizing antibodies against PT except for
one batch which had a very low titre. The sera obtained
after immunization with GIPV-1 and GIPV-2 prepara-
tions had similar neutralizing antibody titres.

DISCUSSION
Pertussis or whooping cough has been controlled in a
number of developed countries with the use of killed
whole cell vaccine.5,18,45,46However, this vaccine pro-
duces adverse reactions and has not 'been accepted by
parents and physicians in some countries,4,47-49although
there is no doubt about its efficacy. Thus, there is a need
to reduce the toxicity and reactogenicity of the pertussis

TABLE VII. Neutralizing antibodies against pertussis toxin in sera
of mice immunized with 2 doses (each dose of lOx 109

organisms per mouse) of pertussis vaccines sera

Batch No. Neutralization titre

HIPY GIPY-l GIPY-2 Saline

1/10536
2/10536
3/10536
41134
5/134
6/134
7/509
8/509
9/509

<2
<2
<2
4

<2
<2
<2
<2
<2

60
20
16
64
32
32
16
64
16

64
16
64
32
32
32
64

<2
<2
<2
<2
<2
<2
<2
<2
<2

• Not prepared

vaccine while retaining its potency.
In the present study, several batches of GIPV were pre-

pared by inactivation of B. pertussis organisms with
glutaraldehyde under optimal conditions. The prepara-
tions were made from the three strains of B. pertussis
which are used at this Institute for the production of per-
tussis vaccine so that the vaccines contained all the three
major agglutinogens (1,2,3) suggested by Preston.s''-"
The average loss ill the opacity for heat treated suspen-
sions was 7.9% (GIPV-1) and 7.5% (GIPV-2). These
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findings are similar to those found earlier. 33,52Both types of
GIPV preparations were much less toxic than the HIPV
preparations for all the batches when assayed for MWGT,
HSF and LPF activities. The average weight gains on day
7, HSD50values, HS activities, total leucocyte counts and
LPF activities of GIPV-l and GIPV-2 preparations were
significantly different from those of HIPV preparations.
The residual PT in th~ HIPV preparations is mainly
responsible for the toxicity and reactogenicity of pertussis
vaccine while the dermonecrotic toxin is destroyed during
heating. The lipopolysaccharide or endotoxin is
pyrogenic and causes weight loss in mice." The role of
other toxins of the pertussis vaccine such as cytotoxin,
adenylate cyclase and haernolysin has not been clearly
defined. 12.20

. ,..In an earlier study we found no reversal of toxicity of
/", Ptirl GIPV preparations which did not show an increase

in HSF activity at 25 or 35°C for three months'? Pertussis
toxoid prepared with glutaraldehyde did not show reversion
of the tmlbid whereas the .toxoid prepared with formal-
dehy~did.53 The potency values of all the three types of
preparations were almost similar. These results support
our earlier findings with GIPV preparations.29,32,33There
are a few reports on the preparation of whole cell pertussis
vaccine by inactivation of the organisms with glutaral-
dehyde.22,23,27,54,55However, glutaraldehyde has been
extensively studied for the production of safe and potent
tetanus and diphtheria toxoids.P<? and cholera toxoid.P
Glutaraldehyde has also been used for the detoxification
of purified PT, thus reducing the HS activity of the
toxin .19,56--59Recently glutaraldehyde has been employed
for preparation of an acellular pertussis vaccine. 7,60

It is important to estimate the level of agglutinogens of
the pertussis vaccine and evaluate this agglutinin response
in animals as well as in man.4.6H6 We compared the
immunogenicity of GIPV preparations against that of
HIPV preparations with regard to the production of
agglutinins. The agglutinin response of mice to HIPV,
GIPV-l and GIPV-2 preparations was very similar.
Antibodies against various agglufinogens were produced
as per the serotype composition of the strains used for
making the suspensions. Iida and Horiuchi= also found
the glutaraldehyde detoxified B. pertussis organisms simi-
lar to conventional formaldehyde treated organisms with
regard to agglutinin production in mice. Recently, it has
been reported that pertussis is a toxin-mediated dis-
ease17,20,67and antibodies against PT are important in pre-
vention.Fv" This protection however has been shown
only in mice, not in children. Tiru et al. 21reported that the
neutralizing antibodies against PT were produced in the
sera of mice immunized with the toxoided whole cell vac-
cine. In the present study, neutralizing antibodies were
found in the sera of mice immunized with GIPV prepara-
tions but not in the sera of mice immunized with HIPV
preparations confirming our earlier findings." We found
that GIPV preparations were more immunogenic than the
HIPV preparations.

Though there were no significant differences between
the potencies of GIPV-l and GIPV-2 preparations, the
potency of GIPV-2 was slightly lower than that of GIPV-l
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while the average weight gains on day 7, HSF and LPF
activities for these two types of preparations were similar.
We therefore conclude that GIPV made under optimal
conditions is a safe, potent and immunogenic pertussis
vaccine.
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