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This Invention relates to pertussis toxin and
toxold and to methads of preparing the same.

The subfect of Immunization ageinst whooping
cough and the treatment of this disease has been
given extensive study. ‘The resuits obtalned
heretofore have not been espectally edective and
the need for suitable materials for immuniza-
tion against whopping cough is obvious in view

".of the prevalency of this atlment.

We have discovered & methiod of prepsaring per-
tussis toxin and toxaid which have been proven
effectlve both clinieally and bacteriologically,
This is accomplished by growing cultures of per-
tussis bactlil In suitable media and under proper
conditions to give & pertussis toxin. and from

. Which toxin, a toxold can be prepared.

The following is a preferred form of our methed
which Is glven by way of llustration and not In
limitation: .

Cultures of pertusslsbacuu are grown {n shallow
layers (about '3 Inch) of soluble-starch broth in
an atmosphere containing about 20%' carbon
dioxide and 80% oxygen. This growing or in-
cubation period extends over about 48 hours at
& temperature of about 37° C. At the end of

. this perfod of time, the bacterizs are separated

from the broth by a flitretion operation through
paper and then through a Berkefeld or Mandler
filter to give & bacteria-fres Alirate, the bacteria
remaining on the Aiters. The filtrate constitutes

" the toxin and if 1t is to be used as such, it i3

suitably preserved by the addition of phenol, a

" mercurial preservative, or some similar mate-
rial,

If the toxotd s desired, it Is prepared by add-

‘ing about 0.3, (by volume) formalin (40%) to

the unpreserved toxin, prepared as described
above, and Incubating this mixture at a tempera-
ture of about 40° C. for 2 to 4 ‘weeks, This
toxoid Is then preserved by the addition of a pre-

‘servative material as i3 described for the toxin.

. The pertussis toxin prepared as descriped may
be used as a skin ¢est for determining suscepti-
bility 30 whooping cough. The pertussis toxold
may be used for Immunization against or for

.the treatment of whooping cough.

In placs of using soluble starch, the becilll
may be grown in sny suitable vegetable extract

. broth, the potato extract being especiaily effec-
-tive for this purpose. However, it {s important

that the broth be used In shallow layers, say not
over 1 inch. Another medium for incubation of
the bactlil s semi-solld sgar end this can be
used in thicker layers, say, about 2 Inches.

. The atmosphere in which the incubation takes
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place Is preferably one containing a mixture of
carbon dloxide and oxygen !n substantial quan-

_titles aithough the proporilons thereof! are not

necessarily limited o those given In the specific
A3 8 matter of fact the Incubaticn
may be carried out in ordinary alr !f desired,

" The time and temperature [or lncubatlon are
also subject to some variation aithough the 48
hour period is approximately the mintmum for
commercial production at the tempersturs
utilized. Any considergzble extenston of this
period may cause undesirable side reactlons.

In preparing the toxold the amount of the
formalin which may be used may be changed
{from that given sithough It ls obviously unde-
sirable to use more formalin than Is required to
detoxify the toxin. The time and temperature
used for the detoxification is alsa subject zo some
variation.

Our toxin and toxold have praved themseives
effective in cilnical and bacteriniogical tests om
rabbits and humans. When our toxin 18 injected
Intradermally Into rabbits, there s produced a
swelling and erythema (n dllutions up to 1-i00
and In most cases, the undiluted toxin causcs
necrosis somewhat similar to that produced by
the injection of whole cuitures. The toxold pro-
duced by our detoxification.treatment, upon in-

_Jection inte rabblts, produces antibedies which
neutralize the toxin, as evidenced by Injections .

of such toxin. Our toxold also neutrsilzes the "
necrotic factor of whole cultures as evidenced by _
the lack of necrosis when live cultures are in-
jected into rabbits previausly immunized with the
toxoid. Ib iz evident that our toxo!d injecticns
produce something akin to s rue antitoxin with
its attendant immunity.

In a serles of clinical studies under the diregs .

tion of - competent pedlatriclians, our pertussts
toxold hes been found especially effective for
the early treatment of active cases of whooping
cough. It has also been found effective as &
prophylactic in cases that have been directly ex-
posed to the disease. If used early in treatment
or soon alter exposure in contact cases, the
Immunologicairespanse to our toxoid Is sufctently

_rapid to prevent or modify the disease in the
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large majority of cases.
In one series of tests a confirmed clinical r:.d
laboratory dlagnosis of whooping cougb .13

mede on = total of 140 treateq cases, - Cd
Into three groups. The first group cont: <ot
cases were treated durtngthe first or © v sy

after onset and before paraxysms h- 2
In the second group, 70 cases were 4 e
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. in which treatment was begun during the flith
. weelk of the disesse.
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the third or fourth week of the Infection In which
there wag already some degree of whooping and
In the third group there wers 37 cases

Qf the first group treated
927 of the cases did not develop whcoping or
vomliting snd of these who did not develop severe
cleared up entlreiy aiter the
fourth Injectlon (each dose 1.5 cc. every other
day). In seversl Instances there was complete

. cessation of symptoms within 2 or 3 days when
 treatment wes begun in the early stages and while

this may be due to Bn unusuzlly prompt in-
crease in antlbody such as may occur when a
partizily immunized person {s injected »ith anti-
gen, It also suggests the possibiiity that our per-
tussis toxoid produces a desensitizing efect which
may be responsible, in some measure, {or its cura-
tive effect.

In the second group, all symptoms dlsappeared
after the fourth Injection n 43% of the lndi-

. viduals treated, 3o that the diagnosls. by another

observer, was extremeily difficult. In the re-
maeainder of this group the resuits were varied but
in each case there was marked improvement, the
disease continuing to run s mild, modified course.

Those cases that were trested during the Afth
weelk of the disease were refractory to treat-
ment. ’

In none of treated cases was there any evidence
of an [nterstitial or a broncho-poeumonia. Ob-
viousiy the eariler the treatment is instituted for
exposed cases or in chlldren sufering from the
infection, tha greater the opportunity to effect an
immunity in time to prevent the diseases or to
modl{y ite course. Among 140 children not
directly exposed, who had received the complete
prophylactic treatment. 3 developed mild and
s typical whooping cough within three weeks

‘after the last injection. T'wo of these 3 cases
- occurred
chiidren suffered typical and severs whooping

in familles where non-immunized

cough. Of 10 intimete contacts who received our
pertussis toxeld !mmedlately after exposure, all

even these 2 were mild {n character.

¥ "f‘! Naturally the dosags may be varied to meet

conditions. The [ollowing table indicates the
tvenuxe dosage but, of course, may ba vaned it

Das"aae
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-1
For curative use: 3 to § Injections, 3 cc. every

other day.
Por treatment of exposed contacts: 3 Injections.
2 cc. every other day.

. For general prophylactic use: {(chlldren not
- " directly exposed), 3 !njections, 2 ce. each at

weekly Intervals.

~ On the whole, the reactions ‘from the injections
* - bhave been extremely mild or almost compietely -

lacking. Where there is any obfectionabie re-

: - sctlon, It responds promptly to suitsble treat-
+ ment and 1% Is possible to continue injection using

an increased number of doses of amaller amounts

[S . of the toxoid.
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1(: is sometimes desirable to prepare 2 vaccine-
toxold mixture to be used to give antl-bacterial
Immunity as well as the anti-toxic !mmunity.,
Such a mixture can be prepared by taking the
broth after Incubation and detoxifying it with-
out fitration, using formelin {or this purpose, as
already described. This treatment detoxifies the
bacteria as well as the toxin. Add!tional vacclne,
independently prepared, may be added, i de-
sired. Still another way in which the mixture
cen be ‘made up is to mix toxold and vaccine,
each prepared separately.

It Is evident that other suitable chu.nges and
variations may be adopted in carrying out our
process without departing f{rom the spirit and
scope of the inventlon excepc as deflned In the
gppended claims. .

We claim:

1. The process which -comprisess growing
culturss of periussis bacilll In soluble-starch
broth for a period of about 48 hours a8t a tem-
perature of 37° C. and under an atmosphere con=
talning about 1 part by volume of carbon dloxide
and about 4 parts by volume of oxygen, separat-
Ing the bacterig {rom the broth by filtration and
adding a preservatlive to the fiitrate which Is then

'suitable for use as s toxin.

2. The process which comprises growing
cultures of pertussis bacilli In soluble-starch
broth for a period of about 48 hours at a tem-
perature of 37° C. and under an stmosphere con-
taining about 1 part by volume of carbon dloxide
and about ¢ parts by volume of oxygen. separat-
ing the bacterin from the broth by Aitration,
adding %o the toxin flitrate about 0.3% (by

volume) formalin and Incubaeting the mixture at’

8 temperature of about 40° C. for a per:od of from
about 2-4 weeks.

3. A process which comprises growing cultures
of pertussis bacill in shallow layers of soluble-
starch broth at a temperature of about 37* C.
and for a period of about 48 hours snd under an
atmosphere contalning about 1 part by volume
of cerbon dioxide and sbout & parts by voiume
of oxygen, separating the bacteria from the
lquid. and detoxifying the liquid by adding a
small amount of formalin and maintaining it at
a suitable temperature for a sufficlent period of
time to completely convert the toxin contained
In the liquid to a toxoid.

4. A composition comprising a pertussis toxold
prepared In accordance with the process of claim
2, sald composition belng substantlally {ree irom
pertussis bacteria and being a preserved material
suitable for lmmunization egainst and for the
treatment of whooping cough znd having .the

power of neutralizing the necrotic factor of whole

cultures of pertussis, and being further chsar-
acterized by the production, when Injected, of
something akin to a true antitoxin with its at-
tendant immunity, thereby serving as a proe-
phylactic as well as being capable of causing
specific immunoiogical response.
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