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Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 
This invention relates to an antigen derived from 

Hemophilus pertussis, and to the process for its prepara 
tion. 
Whooping cough is a serious disease of infancy, re 

sponsible for numerous fatalities in unimmunized chil 
dren. It has heretofore been possible to immunize chil 
dren against whooping cough by the use of vaccines. 
Such vaccines commonly consist of a suspension of killed 
Hemophilus pertussis organisms in saline alone, or in 
saline and alum, the latter being known as alum-precipi 
tated vaccine. Those vaccines, while efficacious, are not 
without certain inherent disadvantages. For example, 
their use has resulted in numerous cases of sterile ab 
scesses among those immunized. Furthermore, toxic 
symptoms, as evidenced by fever and irritation of the 
tissues after the vaccine has been injected, are common 
side reactions, even where necrosis or other severe in 
flammatory reactions do not occur. In some instances, 
encephalitis has resulted from immunization with the 
known vaccines. 

It is an object of this invention to provide an antigen 
derived from Hemophilus pertussis cells which is sub 
stantially non-irritating to the tissues into which it is 
administered, yet which is capable of providing a last 
ing immunity in human beings. It is another object 
of this invention to provide a preparation capable of 
evoking an immunity against whooping cough. It is a 
further object of this invention to provide an antigen 
which is characterized by the absence therefrom of bac 
terial toxins, cells and debris. Other objects will be 
apparent from the disclosures made hereinafter. 

In accordance with the above and other objects, we 
have discovered that a useful antigen for immunization 
against whooping cough, having extremely low toxicity 
both systemically and locally can be prepared by ex 
tracting intact Hemophilus pertussis cells with an aqueous 
solution containing a controlled amount of a phenolic 
compound. 

In broad outline, the manner of carrying out this in 
vention for preparing pertussis vaccine is as follows: 

Hemophilus pertussis is cultured upon agar or char. 
coal-agar media in accordance with the usual methods 
employed for the preparation of pertussis vaccine, and 
the bacterial growth is harvested by washing the bac 
terial cells from the agar growth medium with water 
or saline solution. To the suspension of bacterial cells 
is added a controlled amount of a phenolic compound, 
and the cells are allowed to stand in contact with the 
Solution of the phenolic compound for from one to three 
Weeks during which time the antigenic material is ex 
tracted from the cells. The mixture is shaken from time 
to time to assist the extraction, the shaking being carried 
out Sufficiently gently so that the cells will not be 
disrupted. 

5 

2 
The intact cells are separated from the extraction 

solvent as by centrifugation or filtration, leaving a cen 
trifugate or filtrate comprising the antigenic material 
dissolved in the aqueous solution of the phenolic com 
pound. 

In cases where the aqueous phenolic solution has a 
phenolic concentration greater than about 0.5 percent, 
the concentration later is reduced to an amount not 
greater than about 0.5 percent, to provide a vaccine which 
can be administered parenterally without untoward effects 
caused by the phenolic compound. Reduction can be 
Secured by any suitable procedure, for example, by sol 
vent extraction, or by dialysis. Throughout the process, 
aseptic conditions should be observed as in standard 
practice in the preparation of vaccines. 
The antigen-containing solution thus produced is a 

clear, colorless liquid having an antigenic potency which 
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is proportional to the number of cells present in the 
original bacterial suspension. The solution is standard 
ized by assay procedures of the National Institutes of 
Health, which consist of the injection into mice of the 
antigenic material with the production of a typical immu 
nity against challenge doses of virulent pertussis organ 
isms. After standardization, the antigenic solution can 
be brought to the strength desired by dilution or by evap 
oration in vacuo at room temperature to provide a vac 
cine of desired potency. The vaccine can also if de 
sired, be treated with alum in accordance with custom 
ary procedures to give an alum-precipitated vaccine. 
The vaccines, whether clear or alum-precipitated are filled 
under aseptic conditions into dosage containers suitable 
for distribution to the trade. 

Unlike the hitherto employed cell-suspension type vac 
cines, which when injected intradermally in test animals 
such as rabbits, often cause dermal irritation including 
Severe inflammatory reactions and even necrosis, the 
antigen Solutions of this invention, derived from Suspen 
sions containing equal numbers of bacterial cells, gen 
erally produce no reactions. At the most, only mild 
reactions have ever been noted in animal and human 
clinical tests. 
The absence of side effects after administration of 

the vaccines prepared as described herein are shown in 
the following table in which are set forth the results of 
comparative intradermal skin tests on red rabbits. The 
tests employ pertussis antigen consisting of cellular mate 
rial prepared in accordance with conventional procedure, 
and cell-free pertussis antigen prepared in accordance 
with this invention. In the table, the first column indi 
cates the material employed in the test as set forth in 
the data below the table. In each instance 0.2 ml of 
the preparation was injected intradermally. The second 
column indicates the total number of cells injected. It 
should be noted that with lots Nos. B, C, D, and E no 
cells were injected, the cell numbers used in connection 
With these being the concentration of cells in each ml. of 
the original Suspension which was extracted. The third 
column indicates the A.U. (antigenic units) injected, 
this figure being determined by the mouse test method 
of the National Institutes of Health. The fourth, fifth 
and sixth columns represent respectively the results of 
the observations for unfavorable reactions after admin 
istration of the antigen, the observations being made 
respectively 24, 48 and 72 hours after the intradermal 
injection of the test animals. The areas of redness and 
necrosis observed were measured. 
As used herein, the term A.U. is an expression of the 

antigenicity of the vaccine as compared with that of the 
standard vaccine provided by the National Institute of 
Health. That standard employing 20 10 billion cells 
permi. of vaccine has an A.U. value of 202.5. 
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TABLE 

Cells injected A U. injected 
lot No. per skin test per skin test 

3a, 38 

7.3 Bil--------- 0.2 Raised, Red 9 x 11 mm. 

3.65 Bill 5.1 Raised, Red 9 x 9 mm 
825 Bill 2.55 Raised, Red 4 x 5mm 

A.------------ 92.3 Mi 1.28 Red 3x3 mini---- 
4564 Mill- 0.64 Red 2x2 mm. 
2288 Mill- 0.32 Negative.--------- 
1145 Mi 0, 16----- do----- 
57 Mill 0.800. 08----- do.-- 
58.4Bill 20.3 
58.4 Bill 39.6 

29. 
45.5 do 

Raised, Red 9 x 10mm. 
Raised, Red 9 x 7 mm. 
Raised, Red 6 x 8 mm 

Skin reaction 

72r. 

Raised, Red 9 x 10 mm., 
Necrosis 3 x 3 mm. 

Raised, Red 9 x 7 mm. 
Raised, Red 6 x 8 mm. 

Necrosis 3 x 3 mm. 

Red 5 x 5mm.------ Red 5 x 5 mm. 
Red 3 x 3 mm. Reil 3x3 mm. 
Red 2 x 2 mm. - Red 2x2 mm. 
Slightly Red- -- Sightly Red. 
Negative.----- -- Negative. 

w w a do.... DO, 

-do- DO, 
---do- D0. 
---do- w Do, 

Lot A: A commercial vaccine containing cell material together with sodium ethyl mercurithiosalicylate 1-10,000 and formalde 
hyde i:1000. 

Lot B: A vaccine prepared by extraction of cells with 0.2 percent aqueous phenol at 4°C. for 14 days, 
Iot C: A vaccine prepared by extraction of cells with 0.2 percent aqueous m-cresol at 4°C. for 14 days. 
LotD: A vaccine prepared by extraction of cells with 0.2 percent adueous phenol at 25°C for 14 days. 
Lot E.: A vaccine prepared by extraction of cells with 0.2 percent aqueous na-cresol at 37° C. for 14 days. 
In employing the extraction process of this invention, 

the extraction step is carried out at a temperature be 
tween about 4 C. and about 40 C. The most efficient 
extraction temperature appears to be about 37° C. At 
that temperature, extraction of antigenic material is sub 
stantially complete after about 14 days, and the vaccine 
prepared from the extract is substantially free from ma 
terials which cause side effects. Increase of the extrac 
tion temperature above 40° C. has an unfavorable effect 
on the quantity and quality of the vaccine produced. 
Numerous phenolic compounds can be employed to 

furnish the phenolic content of the aqueous extraction 
solvent. Among the phenolic compounds which provide 
the most satisfactory results, both with respect to the anti 
genic potency and the freedom from irritating substances 
of the vaccines produced, are the cresols, the mononitro 
phenols, phenol, and carvacrol. Other examples of 
phenolic compounds which can be used include the 
chlorophenols, hydroquinone, catechol, resorcinol, 2,4- 
dinitrophenol, pyrogallol, picric acid, phloroglucinol, and 
the like. Additional phenolic compounds suitable for the 
purposes of this invention will readily be apparent. 
To provide effective extraction of the antigenic ma 

terial but not extraction of irritating substances, the 
amount of phenolic compound employed in the aqueous 
extraction solvent should be from about 0.05 to about 2.0 
percent, on a weight-volume basis. Concentrations above 
the upper limit have an increasingly destructive effect 
upon the antigen, and concentrations below the lower 
limit have but little extractive ability. A concentration 
of about 0.2 percent is preferred since that concentration 
provides efficient extraction, but yet is below the upper 
permissible concentration in the final vaccine. More 
over, such a concentration of phenolic content is desirable 
for preservative purposes. 
The following examples further illustrate this invention. 

Example 1 
Ten liters of charcoal agar were prepared according 

to the procedure described by H. M. Powell et al., Public 
Health Reports 66,346 (1951), and were placed in twenty 
toxin bottles containing 500 ml. of media. Each bottle 
was seeded with 12 mi. of a stock 24-hour smooth cul 
ture of Hemophilus pertussis. The seeded bottles were 
incubated at 37° C. for 48 hours, and the organisms thus 
cultured were washed from the surface of the charcoal 
agar in each bottle with 50 cc. of 0.85 percent aqueous 
Sodium chloride. About 1,000 ml. of a suspension of bac 
terial cells were obtained. The suspension was diluted 
with 277 ml. of normal saline solution so that the final 
cell count was about 180 billion cells per ml. To the 
suspension were added 20 g. of phenol, and the mixture 
Was stored at a temperature of about 4-6. C. for fourteen 
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After fourteen days, the mixtune was centrifuged at about 
13,000 rp.m. for about one hour, and the Supernatant 
liquid was decanted from the cell sediment. The clear 
antigen-containing solution thus obtained was tested for 
potency by injection into mice in accordance with the 
standard NIH mouse immunization test. 
The clear antigen solution was placed in sterile, cello 

phane dialysis sacks and dialysed against several changes 
of pure water over a period of three days, thereby reduc 
ing the phenol concentration to a value of about 0.3 per 
cent. The volume increase of the dialysed solution was 
removed by evaporation in vacuo at room temperature, 
and the antigenic potency of the solution was tested by 
the NIH procedure. The antigenic solution contained 
about 114 A.U. per ml. 

Example 2 
To 200 ml, of an antigen solution prepared according 

to the procedure of Example 1 was added about 50 ml. 
of 20 percent potassium aluminum sulfate dodecahydrate 
and 16.6 ml. of 50 percent dibasic sodium phosphate so 
lution. The mixture was allowed to stand about four 
hours with occasional shaking and the precipitate con 
taining the antigenic material which formed was separated 
from the liquid by centrifugation at about 14,000 rp.m. 
The precipitate which contained the alum-precipitated 
antigenic material was resuspended in 200 ml. of normal 
saline solution, and tested for immunizing potency in mice 
according to the standard test method. The test showed 
the presence of about 63 A.U. per ml. 

Example 3 
To about 1000 ml. of a suspension of Hemophilus 

pertussis cells prepared according to the procedure of 
Example 1 and containing about 180 billion cells per ml, 
were added about 2 g. of phenol. The mixture was 
stored at about 6 C. for about fourteen days, with inter 
mittent shaking to resuspend the cells. At the end of 
fourteen days, the suspension was centrifuged at about 
13,000 rp.m. for about one hour and the supernatant 
liquid, containing the extracted antigen, was subjected to 
mouse tests for antigenicity. The solution contained 
about 62 A.U. per ml. 

Example 4 
To about 1000 ml, of a suspension of Hemophilus 

pertussis cells prepared according to the procedure of 
Example 1 and containing about 180 billion cells per 
ml. were added about 2 g of phenol, and the material 
was stored at about 37° C. for two weeks, during which 
time the suspension was gently agitated from time to 
time to resuspend the cells. The suspension was there 
after centrifuged at about 13,000 rp.m. for about one 

days, with occasional shaking to resuspend the cells. 75 hour and the supernatant liquid containing the extracted 
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antigen was subjected to mouse assay tests to determine 
its immunizing potency. The solution contained about 
92 A.U. per ml. 

Example 5 
The procedure of Example 3 was followed, except that 

2 g, of o-cresol were added to the cell suspension. 
Upon assay of the antigen solution thus prepared, it 

was found that the antigen solution contained 130 A.U. 
per ml. 

Example 6 
The procedure of Example 3 was followed, but using 

instead of phenol 2 g. of m-cresol. The cell count of 
the cell-suspension was about 168 billion cells per ml. 
of suspension. 
Mouse assays showed that the resulting antigen solu 

tion contained 136 A.U. per ml, 
Example 7 

The procedure of Example 3 was repeated, except that 
2 g. of o-chlorophenol were added to the cell suspen 
sion. Final cell count was 168 billion cells per ml. 
Assay by standard mouse protection methods showed 

the presence of 27 A.U. per ml. 
Example 8 

The procedure of Example 3 was followed, except that 
2 g. of p-nitrophenol were added to the cell suspension. 
Cells were extracted at 168 billion per mi. 
Mouse assays showed that the resulting angtigen solu 

tion contained 12 A.U. per ml. 
Example 9 

. The procedure of Example 3 was repeated, except that 
2 g. of o-nitrophenol were added to the cell suspension. 
Cells were extracted at 168 billion per ml. 
Mouse tests showed the presence of 30 A.U. per ml. 

in the resulting antigen solution. 
Example 10 

The procedure of Example 3 was followed, except that 
2 g. of carvacrol were added to the cell suspension. 
Mouse assays indicated that the resulting antigen solu 

tion contained about 22 A.U. per ml. 
We claim: 
1. A method of preparing a reaction-free antigen for im 

munization against Hemophilus pertussis which comprises 
extracting intact cells of Hemophilus pertussis for a period 
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of about 1 to about 3 weeks with an aqueous solution of 
about 0.1 to about 0.2.2.0 percent on a weight/volume 
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basis of a phenolic compound of the group consisting of 
phenol, cresol, chlorophenol, nitrophenol, and carvacrol, 
separating the extract from the intact cells, and adjusting 
the concentration of the phenolic compound in the sep 
arated extraction solution to a value less than about 0.5 
percent. 

2. A method of preparing a reaction-free antigen for 
immunization against Hemophilus pertussis which com 
prises extracting intact cells of Hemophilus pertussis for 
a period of about 1 to about 3 weeks at a temperature 
between about 4 C. and about 40° C. with an aqueous 
solution of about 0.1 to about 0.2 2.0 percent on a 
weight/volume basis of a phenolic compound of the 
group consisting of phenol, cresol, chlorophenol, nitro 
phenol, and carvacrol, recovering a clear aqueous anti 
gen-containing Solution by separating the aqueous phenol 
ic extract from the intact cells, and adjusting the con 
centration of the phenolic compound to a value less 
than about 0.5 percent. 

3. A method according to claim 2 in which the phe 
notic compound is phenol. 

4. A method according to claim 2 in which the phe 
nolic compound is o-cresol. 

5. A method according to claim 2 in which the phe 
nolic compound is p-cresol. 

6. The method according to claim 2 in which the phe. 
nolic compound is o-nitrophenol. 

7. A method according to claim 2 in which the phe 
nolic compound is m-cresol. 
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