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INFLUENCE OF REPEATED
AND LOW DOSES OF PERTUSSIS VACCINE
ON HISTAMINE SHOCK

By
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The mouse and rat are animals which show a considerably
high resistance to histamine. To produce histamine shock in
these animals, considerably high doses of histamine are re-
quired. The high resistance of these animals can be reduced,
however, by a variety of means. Thus, it was shown that the
resistance of these animals is reduced by adrenalectomy (H al-
pern & WWood, 1950), implantation of sarcoma 180 (Parfent-
jev, 1955), advanced age (Parfentjev, 1955b), administration
of pertussis vaccine (Parfentjev & Goodline, 1948), infection
by B. pertussis (Pittman, 1951). To reduce the resistance to
histamine by means of the pertussis vaccine, relative high
doses of this vaccine are used (Kind, 1958). Yet, in most cases
these high doses have a toxic effect on the organism. It is
presumed therefore that routine pertussis vaccination is not
able to reduce the resistance to histamine in children since the
doses used for the vaccination of children are much lower than
those which produce sensitization to histamine in mice and rats.
On the other hand, it was proved recently by Sanyal (1961)
that children examined after pertussis infection or pertussis
vaccination are more susceptible to histamine than healthy,
unvaccinated children.

Since it had been found that the low doses of pertussis vac-
cine do not produce sensitization to histamine in mice and rats,
studies were undertaken to test the response of these animals
to the repeated administration of pertussis vaccine. It is known,
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indeed, that the repeated pertussis vaccination does not pro-
duce potentiation of anaphylactic shock in the mouse (Kopy-
tovskaya, 1958, Chedid & Bover, 1960), but this was re-
ported only in cases where the first injection induced an in-
creased formation of pertussis antibodies. Similarly, the pas-
sive administration of an antiserum which contains antibodies
against some B. pertussis antigens (not agglutinins) inhibits
the development of sensitization after pertussis vaccine ad-
ministration (Maitland et al., 1955).

The aim of the present study was to determine the effect
of low and repeated doses of pertussis vaccine on the course
of sensitization produced by this vaccine.

METHODS

The waccines were pr(‘pm‘td from fresh strains controled as to the pmpenics of
the 1. phase. The strains were multiplied on fluid media either by the shaking
or the submerged culture method. After attaining a density of about 80 x 10"
microbes per 1 ml. the 16-20-hour cultures were killed by adding 0.2 % of formol
to them. In experiments reported in the present study the vaccines 490/8:, §95/8:
and 1945/57 were utilized.

The density of waccines was determined on a Pulfrich nephelometer by com-
paring with the international turbiditv standard (International Biological Stand-
ard held by Statens Serum Institute, Copenhagen Denmark).

Histamine shock was produced by intraperitoneal injection of histamine (Hista-
minum dihydrochloricum Spofa). In mice the shock was evaluated by the number
of animals dving within 4 hours following the administration of histamine. In
rats the course of shock was tested by measuring rectal temperature with a regi-
stration thermistor thermometer or, in some cases, with a quick-operating mercury
thermometer. The animals were fixed in special boxes at a room temperature
of 20° C.

Desensitization with histamine was carried out by repeated intraperitoneal
injection of 5 mg histamine to rats. Eeach animal received the total of 5 injections
given every day.

Desensitization with endotoxin (prepared from 8. paratyphi B) was carried
out by 5 intraperitoneal injections given every day.

RESULTS
The study was prunarily concerned with the determination
of the time necessary for the development of sensitization to
histamine after various doses of pertussis vaccine. The dura-
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tion of sensitization after the administration of various doses
was determined concurrently. The results of these experi-
ments are shown in Table 1. From this table it follows that
sensitization does not develop—even after high doses of per-
tussis vaccine—in less than 48 hours. The peak of sensitivity
is found to occur after 5§ to 14 days and depends on the
height of the sensitizing dose employed. No signs of a lowered
resistance to histamine were found after the administration of
low doses.

In the subsequent studies our interest was concentrated on
the effect of the repeated doses of pertussis vaccine on sen-
sitization. For this purpose the mice were immunized with the
vaccine 490/8,, in the dose of § X 10 given intraperitone-
ally in 0.5 ml. At definite time intervals the animals were then
given the second dose, 0.5 % 10" and § X 10? respectively.
After, respectively, 24 hours and § days following the second
dose the mice were injected with histamine. For purposes of
antibody titer determinations a group of mice were sacrificed
by exsanguination immediately before the administration of
the second vaccine dose to the remaining mice. This experiment
was difficult owing to the fact that the administration of the
seccond dose (5 % 10") produces in mice a shock which is
lethal if the second dose is administered within less than 28
days. Due to this known fact it proved necessary to utilize in
this experiment a major number of animals. For this reason
the vaccine was also administered in the dose of 0.5 % 10°
which did not produce lethal shock. The results of these ex-
periments are shown in Table II. From this table follows
that the second pertussis vaccine dose produces an apparent ag-
gravation of the histamine shock if histamine is administered
after 24 hours following this second dose. The effect of re-
peated administration was apparent for both doses, 5§ % 10°
and 0.5 % 10" respectively. The administration of histamine
on the 5. day following this second dose failed in most cases
to demonstrate the already enhanced effect of this second sen-
sitizing dose, not even at a time by which the effect of the first
dose had subsided, i.e. after 20 days. On the contrary, it seems
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TABLE 1
Decrease in resistance to histamine after various doses of pertussis vaccine 5905/51.

Number of animals succumbed after the administration of histamine at various
intervals from the sensitization

Dose of vaccine — : — ST

24 hours 48 hours 5 days 14 days | 21 days ‘ 28 days

1 mg 5 mg : 1 mg 1 mg 1 mg 3 mg ‘ 1 mg 1 mg ‘ 1 mg

100 X 10" ol10 o/to ol1o ol1o ol1o ol10 ol10 olto of1o

so0 X 10" olio o/1o ol1o ol1o 1/10 1/10 2/10 /1o o/1o

r.000 X 10" o/10 o/'1o ol1o o/10 2/10 H1o 2/10 o/10 olro

2,000 X 16" olio o/1o 20 o/18 9/26 5/18 5/1o0 1/10 ol10

g.000 X 10" ofio olto 7l1y 9/18 711 8/10 7/10 424 110
8.000 X 10° ol1o o/10 - - 9/10 8/10 /11 - -
10.000 X 10" ol10 olio s/10 8/19 10/10 10/10  10/10 - -
20.000 X 10" ol10 o/to Hio 8/10 10/10 10/10 - - -

TABLE 11
Susceptibility to histamine after the second dose of pertussis vaccine.

Time Number of mice succumbed after the administration
i?}:?:figf:i{n ‘ of 1 mg histamine Al
: e o gglutinationtitr
defilon piorome b | e
L | 0,5 3 10f 5 10° | 0,5 ¥ 10° 5 % 107
48 hours 3/1s 6/10 6/10 8/12 10/12 )

s days 12/12 11/12 8/10 6/10 710 16 4+
10 days 8/10 1o/11 10/10 6/1o s/10 64 +++
15 days 6/20 si1o 7l1s 2/12 212 128 444
20 days 3/20 41 8/20 olzo0 1/19 256 44+
25 days o/z0 1/12 2/20 ol20 ol/zo 512 + 44

that by this time the revaccinated mice show evidence rather
of a certain degree of increased resistance to histamine.

The control titration of antibodies in the serum of mice
showed that antibodies detected by the agglutination reaction
appear in the serum by the fifth day following the administra-
tion of vaccine in the dose of 5 X 10", The peak of their
occurence is found to occur by about the 20th day following
the vaccination; however, the level of these antibodies is found
to be relatively high as early as by the 20th day, hence at a
time by which the repeated injection of pertussis vaccine failed
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Fig. 1.
The effect of previous administration of pertussis vaccine on the sensitizing effect
of a new dose of this vaccine (tested by the rectal temperature curve and the
number of dead rats).

Note: The second injection of pertussis vaccine was administered at the interval
of, respectively 2.5 and 4 months from the first injection.

to enhance the sensitizing effect of the first dose. The results
confirm that in the immune organism further injection of per-
tussis vaccine cannot produce sensitization to histamine.

In order to demonstrate this property likewise for rats,
another experiment was undertaken in which the animals re-
ceived the second dose of pertussis vaccine after the time-
elapse of 2.5 to 4 months, The results of this experiment are
shown in Fig. 1. From the graph it is possible to deduce the
following conclusions: The lethal effect of the administered
histamine dose manifests itself only in the control group which
received 7 days previously the sensitizing dose of 20 X 19”
microbes; rats which had been sensitized 2.5 and 4 months
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Fig. 2.
The course of rectal temperature in rats after administration of a low (1 % 10°)
or a high (20 x 10") pertussis vaccine dose; and an attempt to exert influence
upon it by endotoxin and histamine desensitization.

previously did not respond by lethal shock, not even if they
had been revaccinated or rather resensitized with the same
dose 7 days prior to the histamine injection. 1f the course of
shock is evaluated by the rectal temperature fall the differ-
ences are relatively smaller and not entirely uniform. Again,
rats sensitized 7 days before the experiment exhibit the se-
verest course of shock. By administering the second sensitizing
dose 2.5 months after the first sensitizing dose no reactions are
produced which would differ from the response found in the
unsensitized control group. Four months after the first sen-
sitization the unsensitized control group seems to be the least
susceptible as compared to all of the remaining groups; how-
ever, the results are not uniformly demonstrable. Hence, in
its sum this experiment confirmed the preceding results ob-
tained on mice, namely the fact that the repeated administra-
tion of pertussis vaccine cannot produce in the immune or-
ganism any marked increase in the sensitivity to histamine.
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Fig. 3.
The effect of previous B. pertussis vaccine injection on the course of histamine
shock in the mouse at various time intervals from the sensitization,
Note: The previous pertussis vaccine injection (0.1 X 10") was administered 5
day prior to the administration of the true sensitizing dose, i.e. 0.4 X 10" and

5 X 10" respectively.

Since it was found that the repeated administration of per-
tussis vaccine in the dose of § % 10° produced in mice a lethal
shock whereas with the low dose remained free of this effect,
an attempt was made to determine whether or not a per-
ceptible response to the administration of a low dose, occurs at
all. The experiment was undertaken on normal rats and on rats
which had been previously sensitized with pertussis vaccine
with a dose of 20 X 10". At various time intervals after the
primary sensitizing dose, the animals were given a relatively
low dose (1 X 10") of pertussis vaccine and the response of
the rat was tested by measurements of rectal temperature.
Fig. 2 shows the temperature curve resulting from the admi-
nistration of pertussis vaccine in the dose of, respectively,



290

20 X 10" and 1 X 10" to normal rats and rats sensitized
with the 595/8, vaccine (in the dose of 20 X 10°). From the
graph it follows that the 20 % 10° dose produces in the rat
a shock which is in the normal rat of a short duration; on the
other hand in the sensitized rat this shock is profound and
for the most part lethal. The administration of a low dose
produces in the sensitized rat either fever (in animals in which
the sensitization is of a longer duration) or—in animals in
which the sensitization is of a shorter duration—shock with an
initial mild rise in temperature. The effects of the low per-
tussis vaccine dose can be moderated by previous desensitiza-
tion with endotoxin or histamine.

The change in temperature occurring after the administra-
tion of a low dose to sensitized rats proves the increased reac-
tivity of their organism. It appeared therefore to be of interest
to know whether or not changes occur also in the response of an
organism which had been inoculated with a low dose only. The
results of this experiment, summarized in Fig. 3, showed that
previous administration of a low dose to a white mouse is able
to alter the reactivity of this animal. A white mouse injected
with pertussis vaccine will not respond with lowering resistance
to histamine in less than 48 to 72 hours (see also Table I).

If, on the other hand, this dose is administered to a mouse
which was previously sensitized with a low dose which by itself
is not able to reduce the resistance to histamine, the symptoms
of lowered resistance will apear as early as in 24 hours. On the
other hand, as has been already shown, in normal (previously
uninjected) mice the reactivity to histamine remains unaffected
by the administration of pertussis vaccine, however, high its
dose may be to 48 hours. We consider the principal difference
in the chronological dynamics of the sensitization onset to be of
extreme importance and significance.

In order to exclude in this case the influence of stress on the
sensitizing properties, another experiment was undertaken in
which the response to histamine was tested on mice inoculated
with low pertussis vaccine doses. The results of this experiment,
presented in Table 11, demonstrate clearly that the administra-
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TABLE 111
Effect of stress on histamine sensitivity in awhite mice.

Number of animals succumbed after the

Type of stress, produced administration of 1 mg histamine

Dose of vaccine on the 7th day following
the basic vaccination

24 hours after stress 72 hours

100 X 10° Cold stress — 5 hours 1/10 ol1o0
100 X 10° B. parapertussis vaccine

(dose 5 % 10") 3/10 1/10
100 X 10 Coleémide (3 X o0.05 mg) -

B.p. vaccine (5 X 10") 615 -
100 X 10" B.p. vaccine (5 x 10") 18/30 17/20
100 X 10" o ol1o ol10

tion of the second dose of persussis vaccine induces an increased
susceptibility to histamine by another mechanism than mere
stress action.

In the preceding experiments the altered reactivity was tested
on mice receiving pertussis vaccine by the intraperitoneal route.
An attempt was made to test this phenomenon on mice that
received this vaccine by another route. First of all, tests were
designed to determine the course of sensitization after various
modes of pertussis vaccine administration and to compare it
with that resulting from the intraperitoneal administration.
As can be seen from Table IV, the administration into the paws
produces a decrease in resistance to histamine at a somewhat
later date but the maximum sensitivity occurs in both cases after

TABLE 1V
Influence of the site of administration on the sensitizing propertics
of pertussis vaccine.

Mode of administration | Number of animals succumbed after the administration of
of the sensitizing pertussis | =, 1 mg histamine at various time intervals
vaccine dose (5 10%)

| 24 hours | 48 hours | 72 hours 96 hours | 120 hours 240 hours

Intraperitoneally ...... ol10 5/10 5/10 /1o 10/10 4/10
Iiifo: PAWS: covivanvsssans o/10 /10 3/10 6/10 9/10 3/10
Intracerebrally ......... ol10 - - 5/1o0 10/10 -
Intranasal route ........ - ol12 - - ol14 -
Subcutaneously ......... - 1/10 - - 6/10 -

It thyHR oinvisens - 711 - - 810 -




TABLE V
Effect of warious sites of administration of the repeated pertussis vaccine dose
on histamine sensitization.

| Number of animals succumbed after the administration

Site of administration| Site of administration of 5 mg histamine 24 hours after the second pertussis
of the primary dose of the repeated dose vaccine injection given at various intervals
100 < 108 5.000 "< 10% N e e—— . I
| 6 hours |24 hours 48 hours| 7 days | 14 days | 21 days

Intraperitoneally Intraperitoneally - 13/29 s/10 10/10 7l10 5/10
Into the paw Intraperitoneally 3/1a 13/20 8/15 »l10 6/10 i/10
Into the paw Into the opposite paw ol10 7/20 11/18 5/10 s/10 210
Into the paw Into the same paw i1/10 s/20  13/20 7ho 6l10 3/10

about the same time interval. The results show the intranasal
route to be unsuitable. Besides the intraperitoneal administra-
tion, satisfactory results were also obtained by administering
the vaccine intracerebrally, into the thymus and, to a lesser
degree, subcutaneously.

In the actual experiment, tests were carried out to determine
the response of the organism to low doses administered by the
intraperitoneal route or into the paws with the use of various
methods of revaccination. The results, presented in Table V,
confirm that after the repeated administration of the sensiti-
zing pertussis vaccine dose marked susceptibility to histamine
develops as early as in 24 hours following the second dose
while partial susceptibility develops even in as few as 6 hours.
At this time (i.e. 24 hours after the second sensitizing dose)
the susceptiblity produced by the second dose proved to be
higher on intraperitoneal administration than on subcutaneous
administration; later on, the difference between these two
groups becomes levelled and the sensitization course appears
to correspond approximately to that found after the primary
administration of pertussis vaccine. This result seems to be lo-
gically explaicable on the basis of the antigen absorption rate.
Between the sensitization by the intraperitoneal route and that
produced by the administration into the paws, no significant
difference are found, similarly as was shown in the preceding
table.
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DISCUSSION

The discussion of this study has to deal with two different
problems. The significance of this study from the point of view
of clinical medicine and pertussis vaccination on the one hand,
and the attempt at interpretation and analysis of the observed
phenomena on the other hand.

Pertussis vaccination is frequently accompanied by post-
vaccination reactions and disagreeable complications. How-
ever, until recently these reactions were not related to the lowe-
red resistance to histamine which occurs in mice and rats after
the administration of pertussis vaccines prepared from strains
in the 1. phase. On the other hand Sanyal, in 1961, reported
on increased susceptibility to histamine in children after per-
tussis infection and vaccination. In order to determine whether
or not the low doses are capable of inducing an altered reacti-
vity in the organism an attempt was made to test the response
of white mice to histamine after repeated and low doses of
pertussis vaccine.

It is known that previous administration of a specific per-
tussis serum inhibits the rise of a new sensitization (Maitland
etal., 1955); similarly, in the hyperimmune organism it is im-
possible to potentiate by pertussis vaccination the development
of anaphylactic shock (Kopytovskaya, 1958, Chedid & Boyer,
1960). In agreement with these authors our experiments de-
monstrated that repeated pertussis vaccination is not only free
of any enhancing effect on the first sensitizing injection (pro-
vided the sensitizing effect is estimated the sth day following
the repeated injection), but that it essentially reduces the pos-
sibility of development of a new sensitization.

The administration of pertussis vaccine induces not only an-
tibody formation but also changes in the reactivity of the whole
organism. One of these manifestations is, for example, the
lethal shock occurring after the repeated dose of pertussis vac-
cine. Though histamine is excreted during this shock (un-
published observation) the animal is not desensitized and be-
comes, contrarywise, more susceptible to histamine 24 hour
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following the shock. Lowered resistance to histamine occurs
temporarily likewise in animals revaccinated with a low dose
which per se is not able to induce lowered resistance. This re-
peated low dose produces in the sensitized organism a charac-
teristic response. Moderation of this reaction can be obtained
by previous desensitization with histamine or endotoxin. The
phenomenon involves in all probability a mixed reaction of the
anaphylactic type, a reaction to the endotoxic constituent of the
pertussis microbe and a reaction based on delayed type hyper-
sensitivity. It was found (Pekarck & I'rana, 1963) that the
lethal anaphylactic shock in pertussis sensitized rats can be in-
hibited by desensitization with histamine. As far as the favour-
able effect of endotoxin desensitization is concerned, this desen-
sitization can exert a favourable effect even on other reactions
than the resistance to endotoxin (Stetson et al., 1958).

If the organism is influenced by low doses which by them-
selves are not able to alter the reactivity of the organism to
histamine, the organism develops—after the administration of
the sensitizing dose proper—a rapid hypersensitivity. This
rapid development of hypersensitivity indicates that the admi-
nistration of low doses of pertussis vaccine produces in the or-
ganism some alteration. It is likely that this alteration involves
immunological mechanism since it conforms typically to the
known uniform regularity of the so-called secondary immuno-
logical response. Previous administration of non-specific vac-
cines (i.e. heated pertussis vaccine or endotoxin) had no effect
on the acceleration of sensitivity. It is therefore possible that
in organisms influenced by preceeding administration of a low
dose of pertussis vaccine there is an accelerate deliberation of a
special antigen fraction responsible for this type of sensitivity
from the body of pertussis microbe. This component of B. per-
tussis microbe is then contained in various cells and organs of
the sensitized organism and due to its presence causes the al-
teration of various functions,

If the immunological mechanism of the rise of sensitivity
to histamine after the administration of pertussis vaccine is
considered a striking parallelism appears between the mani-
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festations of this sensitivity and the reactions of the delayed
type hypersensitivity. First, sensitization with pertussis vaccine
produces in experimental animals as well as in man “hyper-
sensitivity of the delayed type” (Rowley et al., 1959). More-
over, delayed type hypersensitivity was reported to be accom-
panied by a transient increase in susceptibility to the action
of both endotoxin and histamine which occurs at time intervals
corresponding approximately to the peaks of endotoxin sensi-
tivity after sensitization with pertussis vaccine. An increased
ability to form antibodies against a variety of other antigens
was found to occur in the stage of delayed hypersensitivity as
well as after the administration of pertussis vaccine (Kind,
1957, Gell & Benaceraff, 1960); in both cases the stage of
susceptibility to the shock effect of histamine or endotoxin may
be acted upon by the administration of corticosteroids (Kind,
1953). Finally, it is also known that the administration of a
corresponding antiserum inhibits the development of the de-
layed type hypersensitivity to an antigen administered under
conditions leading in other circumstances invariably to the
development of the delayed type hypersensitivity, as it is the
case, for example, with the Freund adjuvant. This interference
of two primary immunological processes makes itself felt both
in the hypersensitivity to protein antigens and tuberculin and in
various transplantation reactions dependent on the hypersen-
sitivity of the delayed type (Snell et al., 1960). The parallelism
of this phenomenon and the inhibitory effect of immune sera
on the rise of sensitization to histamine after pertussis vaccina-
tion is striking.

Pejbora et al. (1961), in his work on the mechanism of in-
creased susceptibility to endotoxin after BCG sensitization, pre-
sented experimental evidence to support the hypothesis that
the increased susceptibility is in no way a product of the actual
stage of hypersensitivity per se, being rather a result of reac-
tions and events developing in the organism during the inter-
action of the hypersensitive cell with the antigen which persists
in the organism. The same conclusions follow from the work
of Box & Briggs (1961) who showed that the non-specific sus-
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ceptibility to endotoxin subsided concurrently with the dis-
appearance of the infective agent from the organism. If this
hypothesis were correct it would be entirely logical why sen-
sitization to histamine is produced only by a high and not by
a low dose of pertussis vaccine, since in the latter case there arc
no such conditions for the persistance of the antigen in the or-
ganism. Of equal logical consequence is the finding that an in-
crease in the susceptibility to histamine can be produced, after
the administration of a low dose of pertussis vaccine, by the
second dose of this vaccine; in the sense of the above hypo-
thesis, the conditions for the interaction between the hyper-
sensitive cell and the antigen would prove true. On the basis
of the same principle it is possible to explain the early rise of
susceptibility to histamine after the administration of the se-
cond dose of pertussis vaccine : specific hypersensitivity already
exists and it need not develop progressively as in the case of the
primary administration of the sensitizing vaccine dose.

According to this conception the manifestation of hyper-
sensitivity to histamine produced by the administration of per-
tussis vaccine would be analogues of similar changes in suscep-
tibility associated with delayed type hypersensitivity. As a pre-
requisite for the development of increased susceptibility it is
possible to presume the formation of pharmacologically active
substances induced by the immunological reaction between the
hypersensitive cell and the antigen (Johanovsky, 1963) . The in-
dividual differences between delayed type hypersensitivity and
the manifestations of sensitization produced by pertussis vac-
cine might be explained on the basis of different properties of
individual antigens, different quantitative proportions and/or
the participation of other mechanisms, ¢.g. anaphylactic hyper-
sensitivity which occurs on pertussis vaccine sensitization.

We consider it necessary to lay particular stress on the fact
that this interpretation represents only a working hypothesis
and that no conclusions can be drawn from the parallel mani-
festations of these two types of reactions as to their analogous
mechanism; however, partial participation of at least some
elements of the delayed type hypersensitivity in the pathophy-
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siology of pertussis sensitization seems to be extremely pro-
bable.

We call attention again to the significance of the observation
from the point of view of the possible post-vaccination reac-
tions. It is known that mice develop sensitization only after the
administration of relatively high doses. On the other hand
doses utilized for the prevention of whooping cough are much
lower and this is why they were presumed to be free of the
sensitizing effect. Our results have shown with a fairly con-
vincly that marked physiological influencing of the organism
and an increase in its susceptibility to external noxious effects
is brought about even under the conditions of repeated ad-
ministration of relatively low doses of pertussis vaccine. This
was the main reason why we concentrated during the develop-
ment of methods for the preparation of pertussis vaccine, on
technological procedures allowing elimination of the maxium
possible amount of the histamine sensitizing factor without
substantially reducing the protective power of the vaccine (Pe-
karek et al., 1961). In fact, in experiments the Czechoslovak
pertussis vaccine is free of the sensitizing effect; on clinical ad-
ministration it produces reactions in a much lower percentage
and of a minor significance as compared to foreign vaccines,
and exhibits at the same time a high epidemiological effect
(Pekdrek & Stejskal, 1962).

SUMMARY

The response of mice and rats to low doses of pertussis
vaccine was investigated. [t was found that repeated sensitizing
doscs produce in the organism thus influenced a lethal shock.
Repeated injection of a low dose produces a febrile or shock
response. The enhancement of the sensitizing properties after
the repeated dose can be proved only within 24 hours following
the administration of this vaccine. In most cases further in-
crease in sensitization does not occur this being probably
brought about by the increased content of antibodies.

Previous influencing of the organism by a low dose which
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by itself is not able to produce sensitization, accelerates the
development of sensitization after the administration of the
actual sensitizing dose. This observation proves that the pro-
cess of sensitization may be influenced even by low doses of
pertussis vaccine,

Furthermore, the probability of the immunological mecha-
nism of this phenomenon, and the close relation of the per-
tussis vaccine-induced reactions to the manifestations of the
delayed type hypersensitivity were discussed.

Attention was drawn to the clinical significance of the sen-
sitization induced by repeated doses of pertussis vaccine, and
stress was laid on the importance of preparing pertussis vac-
cines free of sensitizing properties.
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