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ABSTRACT

Data are presented showing that active immunization of guinea pigs with
botulinum toxoids afforded a high level of protection to challenge with
botulinum toxins b; the respiratory route. Resistance to challenge by this
route was similar to tesistance afforded to challenge by th.e paren.eral and
oral routes. The high survival percertages obtained in these studies made
it impossible to establish any relationship between serum antitoxin titer
and resistance to challenge.

Efficacy of botulinum antigens in the issunization of man and labora-
tory animals is based on development of serum antitoxin titers and the
increase in resistance afforded laboratory animals to parenteral challenge.
Minimum satisfactory levels of antitoxin have somewhat arbitrarily been
selected as twice the standardization level or twice the lowest measurable
titer. Guinea pigs immunized with univalent tomoids and whose sera con-
tained approximately the satisfactory lavels of antitoxin withstood intra-
peritoneal challenge with le to 0F LDS5 of homologous toxin.*

It has been established in our Laboratory that inhalation of bacterial
toxins in moderate doses can be lethal to a variety of laboratory animals.
It was considered that respiratory challenge might provide a more severe
test of the efficacy of toxoids than challenge by other routeb. Support
for this view was provided by Iakolev's finding that higher levels of
antitoxin were required for prophylaxis against inhalation of botulinum
toxin than against challenge by other routes. This report presents
results of some of our studies to deteruine resist Lice afforded actively
i-inized guinea pigs to challenge with botulinum toxins by the respiratory
route.

The toxins used in initial studies were produced from cultures grown
in cellophane tubing immersed in nutrient medium. Cultures were clarified
by centrifugation and used without further concentration or purification,
since unaltered cell-free preparations were considered to be most suitable.
Type E toxin was activated with trypsin prior to clarification of culture
and subsequently stored in the frozen state. The type A toxins used in
later studies were partially purified preparations stored in either the
liquid or dried state.

* In conducting the research reported herein, the investi'ators adhered to
"Principles of Laboratory Animal Care" as esta- Ushd by the Natlonal
Society for Medical Research.
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Intraperitoneal and oral LD5 0 estimates of toxins were determined in mice

and guinea pigs. Respiratory LD50 estimates were determined in guinea pigs

exposed bodily to static aerosols of the toxins. More than 60 per cent of

the particles in the aerosols were five microns or less in diameter. The

guinea pig inhaled dose, in terms of MIPLD5 0 units, was estimated by Litration

of the collecting fluid from inpinger samplers. Serum antitoxin titers of

the imunized aniaals were determined on sera obtained by cardiac bleeding

of the animals the day before toxin challenge.

Before imunized guinea pigs were challenged the LD5 0's for normal guinea
pigs were obtained. These estimates for the five toxins for normal guinea
pigs challenged by the various routas, expressed in mouse IPLD50 , are shown
in Table I. The animals were most susceptible by the IP route, as expected,

and were more susceptible tO toxin administered by the respiratory route than

by the oral route.

Expression of LDIO estimates in guinea pig intraperitoneal LD50 suggests

that normal guinea pigs show essentially similar susceptially to the five
toxins administered by the respiratory route. The respiratory susceptibility
is more closely related to their oral susceptibility than to their intra-
peritoneal susceptibility with at least four of the five types.

In our first series of experiments, groups of guinea pigs were immunized
by the subcutaneous route, each with a single injection of univalent toxoid.

Each of the univalently immunized groups of guinea pigs was divided into
three subgroups, which were challenged 36 to 40 days after imnunization with
homologous toxin by the oral, respiratory, and intraperitoneal routes
respectively. Normal control groups were challenged inthe same manner.

TABLE I. TOXICITY OF BOTULINUM TOXINS FOR THE

GUINEA PIG BY VARIOUS ROUTES

Type Mouse IPLD5 0

IP Respiratory Oval

A 5.2 l 7.17

B 4.2 350 306

C 1.6 87 177

D 4.1 186 436

E 34.3 778 178,000
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The respiratory challenge results are sunnarized in Table II; the
respiratory challenge doses are expressed in guinea pig respiratory
LD A high percentage of the actively i-unized guinea pigs survived
tha respiratory challenge doses. Although not shown in this table, 70
to 100 per cent of the animals in the subgroups challenged by the intra-
peritoneal and oral routes survived challenge of 106 to ld Lb5 0
respectively.

Average antitoxin titers ranged from 10 to 50 times measurable levels,
and although a considerable variation in antitoxin titers was obtained,
the high percentage of survivors made it impossible to establish any
relationship between serum antitoxin titers of individual animals and
resistance to challenge.

Higher levels of challenge would be necessary to determine the magnitude
of resistance to respiratory challenge. A second test ir. this series of
experiments was designed to accomplish this.

Groups of guinea pigs were imminized with either univalent type D or
pentavalent botulinum toxoids (combined typed A, B, C, D, and E) prior to
challenge with varying doses of type D toxin by the respiratory route.
The type D toxin was selected, of the toxin types available, bRcause of
its high potency in culture, enabling higher challenge doses. :.!.uniza-
tion with pentavalent toxoid was inc'uded so that the effectiveness of an
antigen in a multivalent preparation and a univalent antigen could be
compared.

TABLE II. RESPONSE OF GUINEA PIGS TO CHALLENGE WITH BOTULINUM TOXINS

Challenge
Toxin Antitoxin Respiratory Nc. Survivors Per Cent
Type Titer LD50  Total Exposed Survival

0.3
A <0.04 - 0.96 40/44 91

B 0.059 7O.0B 7 30/38 79

<0.005 - ./

C 0.4 8 38/44 86
<0.02 - 1.9

6.1 35/39 90
D <0.32 - 21

E 0.029 3 26/32 81
<0.0025 - 0.2
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Two subgroups we:e employed for the pentavalent immunizations. The first
pentavalent group received 1.0 milliliter of toxoid as an immunizing dose and
was challenged 50 days after immunization. One-half milliliter immunizing
dose was employed for the second pentavalent group and for the univalent group,
and these groups were challenged 40 days after immunization. Antitoxin titers
of pvols of eight sera obtained the day before challenge were determined.

Subgroups were challenged with varying doses of type D toxin by the
respiratory route. Smaller groups of guinea pigs immunized in the same manner
served as controls for intraperitoneal and oral challenges. Normal guinea pigs
were challenged in a similar fashion.

Table III shows that essentially all of the actively immunized guinea pigs
survived 20 to 2000 respiratory/ LD50. Although not shown in this table,
60 to 100 per cent of the animals in comparable immunization groups survived
ICP guinea pig LD5 0 when challenged either by the intraperitoneal or by the
oral route.

TABLE III. CHALLENGE OF IMNIZED GUINEA PIGS WITH TYPE D TOXIN
BY THE RESPIRATORY ROUTE

Type Challenge
Immunization and Antitoxin Respiratory No. Survivors Per Cent

Volume Injected Titer LDso Total Exposed Survival

3.8 22 40/40 100

Univalent 3.2 - 5.1 162 40/40 100

0.5 ml
2100 40/40 100

0.63 26 20/20 100

Pentavalent <0.16 - 1.9 277 20/20 100
0.5 ml

2090 16/20 80

1.5 26 20/20 100

Pentavalent 0.32 - 5.8 .230 20/20 100
1.0 ml

1980 20/20 100

None 1 ti20 30
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A third Lest in this series of experiments was designed to determine the.
resistance afforded pentava'.ntly imaunized guinea pigs to challenge with
purified type A toxin by the respiratory route. Groups of guinea pigs were
subcutaneously immunized with a 0.5-milliliter dose of pentavalent toxoid
and challenged after 40 days by the respiratory route with purified type A
toxin.

The results of the type A respiratory challenge are shown in Table IV.
A high percentage of the actively immunized guinea pigs survived. .% nos!
percentage of the nonimnunized guinea pigs survived the same challenge iose..
Fifty per cent of the animals in comparable imuanized groups survived iatra-
peritoneal challenge doses of lc0 LD50 and 100 per cent survived 10f oral LD5O.

A fourth test in this series of experiments was designed to .iatermine
the resistance afforded pentavalently imunized guinea pigs to challenge
with type A toxin at various times after immnization. G-inea pigs were
immunized with a 0.5-milliliter dose of pentavalent toxoid and challenged
after 15, 30, and 45 days by the respiratory route with dried type A toxin.
Table V shows that at the three immunization periods tested, essentially
all the immunized animals survived the challenge doses obtained.

To achieve even higher challenge doses, additional experiments were
conducted with dynamic aerosols generated in the Henderson apr.:-_tus.
Approximately 90 per cent of pentavalently immunized guinea pig3 survived
10' to I0* LD50 of type A toxin administered by the respiratory route 40
days after immunization.

With type D toxin, approximately 75 per cent of similarly imnunized
guinea pigs survived l0 LD50, and 50 per cent survived I&6 LD50. Similar
results were obtained with types B, C, and E.
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TABLE 1Y. CHALLENGE OF GUINEA PIGS WITH TYPE A TOXIN

Challenge Immunized a/ Noniimunized
Respiratory No. Survivors Per Cent No. Survivors

LD5 0'  Total Exposed Survival Total Exposed

50- 150 71/72 99 0/24

10 - 30 69/72 96 2i24

t- 3 72/72 100 3/24

a. Antitoxin Titer
Average 0.16
Range <0.02 to 0.96

TABLE V. CHALLENGE OF IDOUNIZED GUINEA PIGS WITH TYPE A
TOXIN BY THE RESPIRATORY ROUTE

No. Survivors
Challenge

Respiratory Total Exposed

L50 15 Days !i 30 Days ' 45 Days

1 30/30 30/30 30/30

12 30/30 30/30 30/30

60 29/30 30/30 30/30

a. Days after immunization.


