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SYNOPSIS

Knowledge of the phenomena of antigen antagonism and synergy
is still very limited, and their effects cannot yet be measured quanti-
tatively. However, it appears from this consideration of the condi-
tions under which antigens may influence one another and of the
practical application of what is known of these conditions that
synergistic effects of antigens may well play a more important role
in preventive vaccination than was formerly supposed.

Despite the appreciable number of individual observations made on the
antagonism and synergy of antigens, our knowledge of the subject is
admittedly very limited. It would therefore appear useful to consider under
what conditions antigens can mutually influence one another and how
far such conditions can be recognized, experimentally controlled, and
perhaps made use of in practice.

Antigen Competition

We may start with the phenomenon of competition. Antigens are
characterized by two properties: (1) their specific binding power for anti-
bodies, and (2) their ability to bring about the formation in vivo of specific
antibodies. One of the best-known examples of antigen competition in vitro
is the relation between the Vi antigen and 0 antigen of typhoid bacteria and
similar micro-organisms. When freshly isolated typhoid bacteria are
tested, a strong agglutination often occurs in Vi serum, though in 0 serum
it will be weak or non-existent. If these bacteria are previously boiled or
kept for a long time as a laboratory culture, the power to agglutinate in Vi
serum disappears and the agglutination in 0 serum becomes correspondingly
stronger. It is thought that in bacteria containing Vi antigen the latter is
situated on the surface as an external sheath, whereas the 0 antigen is
situated in deeper layers and can only react when the outer Vi antigen
sheath is no longer present.

The same hypothesis is assumed by Westphal 11 in connexion with the
antigen relationships between typhus fever rickettsiae and the Proteus OX19
antigen. The antibodies responsible for the Weil-Felix reaction with
Proteus OX19 bacteria were prepared in a pure state. These pure antibodies
agglutinate Proteus OX19 bacteria, but not typhus fever rickettsiae.
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In the course of our work on the preparation of specific typing sera for
differential diagnosis in the Salmonella group we observed another form of
competition in vitro in the development of 0 and H antigens. The 0
antigens develop better on a 2 %-3 % agar culture medium, whereas the H
antigens prefer 1% agar (see Table I).

TABLE I. INFLUENCE OF AGAR CONTENT OF CULTURE MEDIUM ON THE
AGGLUTINABILITY OF PARATYPHOID B 0 AND H ANTIGENS

Dilution *

Serum I
1:1 1: 2 1:4 1: 5 1:10 1:20

Specific serum IV

3% agar ++++ ++++ ++ - (+) -

1%agar +--

Specific serum b

3 % agar +l-++ ++±+ - ++ +

1 % agar ++++ ++++ - ++++ ++ +

"Swarm" serum 1,2...

3 % agar ++ + -

1% agar ++++ +++ - ++ (+)

* A space left blank indicates absence of agglutination reaction.
- = not tested at this dilution

Apart from the water or agar content both culture media offer the same
nutrients for bacterial metabolism, but the " swarming" of the bacteria
nevertheless occurs on the 1% agar medium only. It is brought about by
the flagella, which are at the same time the carriers of the H antigens.2
According to Meyer 6 the flagella of Proteus X19 are very short only when
it is grown on 3 % agar, but with 1 % agar they are considerably longer.
Meyer also showed that pronounced flagella formation decreases the 0
agglutination of the X19 strain.6 This observation corresponds exactly to
our findings with the Salmonella group. It seems clear that the flagella, as
carriers of the H antigens, can contain more H antigen when they are
longer. There are two possible interpretations of the decreased agglutin-
ability of the 0 antigen which is associated with this. The quantity of 0
antigen might be decreased because the competing formation of H antigen
claims a larger part of the nutrient substances. On the other hand, it is
also possible that the pronounced development of the flagella, which in this
case considerably exceed the bacilli in length, represents a purely mechanical
obstacle to the approach of the poles of two bacilli tending to 0 agglutina-
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tion. In the case of the diphasic Salmonella types, the two phases also
compete with one. another. The more pronounced the presence of the
first phase, the weaker that of the second, and vice versa.

With reference to antigen competition in vitro, I should like to refer to
some unpublished findings by Prigge dating from 1943. At that time the
first combined diphtheria and scarlet fever vaccines were sent by an industrial
firm to the inspection department of the Paul Ehrlich Institute for routine
government examination. Titration of these vaccines was restricted to the
diphtheria component which, without exception, consisted of high quality
diphtheria aluminium adsorbate vaccines. From the data of the producing
firm it was clear that the diphtheria portion of the combined vaccine had
been taken from a batch of vaccine already subjected to official examination.
At the same time the precise proportions of the mixture were given.

The evaluation of the diphtheria component according to the process
developed by Prigge & Schafer 7 partly accorded with the values expected
theoretically, but there were also deviations which went far beyond the
permissible margin of error for the method. In Table II the second column

TABLE II. RETENTION OF POTENCY OF DIPHTHERIA VACCINE COMBINED WITH
SCARLET FEVER VACCINE

Combined diphtheria and
Diphtheria scarlet fever vaccines
vaccine

1: 1 dilution 1: 9 dilution

Control No. 69 81 80

Manufacturer's data 400 SE/ml 300 SE/ml 60 SE/ml

Measurement by MK method
(Prigge & Schafer7) 700 SE/ml 353 SE/ml 59 SE/ml

shows the values for the pure diphtheria vaccine, the third column the
values for the diphtheria component consisting of the same vaccine com-
bined in a ratio of 1 :1 with scarlet fever vaccine, and the fourth column the
values obtained on mixing 1 part diphtheria vaccine with 9 parts scarlet
fever vaccine. There is excellent agreement between the values found and
those expected theoretically.

Table III, on the other hand, shows pronounced weakening of the
diphtheria component in a 1:1 mixture (column 2).

This result was not a chance one, but was repeated on the testing of
other combined diphtheria and scarlet fever vaccines in a more or less
pronounced form. Table IV shows the test results for 16 such vaccines,
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TABLE III. WEAKENING EFFECT OF SCARLET FEVER VACCINE ON POTENCY OF
DIPHTHERIA VACCINE

Combined diphtheria and
scarlet fever vaccines

Diphtheria
vaccine

1 1 dilution 1: 9 dilution

Control No. 72 83 84

Manufacturer's data 400 SE/ml 300 SE/mi 60 SE/ml

Measurement by MK method 860 SE/ml 97 SElml 54 SE/ml
(Prigge & Schafer ')

mixed in a ratio of 1:1, and whose diphtheria components, according to
the manufacturer's figures, should have contained 300 SE/ml.* The values
found, however, are more or less regularly distributed between 300 and
50 SE/ml.

TABLE IV. RESULTS OF POTENCY TESTS OF 16 COMBINED DIPHTHERIA AND
SCARLET FEVER VACCINES *

SE/ml found 300 200 153 100 75 50

Number of vaccines 3 2 4 3 1 3

* Diphtheria aluminium adsorbate vaccine diluted 1 :1 with scarlet fever vaccine

Table V shows 7 combined diphtheria and scarlet fever vaccines, with a
mixture ratio of I part diphtheria vaccine to 9 parts scarlet fever vaccine,
whose diphtheria component was evaluated by the manufacturer at a mini-
mum of 50-60 SE/ml. In this group no decrease below the expected value
was observed.

TABLE V. RESULTS OF POTENCY TESTS OF 7 COMBINED DIPHTHERIA AND
SCARLET FEVER VACCINES *

SE/ml found 100 50-60

Number of vaccines 3 4

* Diphtheria aluminium adsorbate vaccine diluted 1: 9 with scarlet fever vaccine

The diphtheria aluminium adsorbate vaccines are diphtheria toxoids
which, in pure form, have a low potency only, but whose immunizing power
is in some cases increased several hundred times on mixing with aluminium
hydroxide. This increase in activity is thought to be the consequence of a
physical change of state. However, the physical states of organic compounds

* SE = "Schutz-Eitiheit", the German protective unit.



ANTAGONISM AND SYNERGY OF ANTIGENS

such as adsorbate vaccines are not stable, being subject to ageing pheno-
mena, even when there is no external interference. According to a personal
communication from Demnitz to Prigge, it is possible to re-activate an aged
adsorbate vaccine by the addition of fresh aluminium hydroxide. We may
give a further example of such ageing processes. In 1950 we tested a com-
bined diphtheria-tetanus vaccine which, according to the maker, should have
contained 150 diphtheria protective units and 150 tetanus protective units
per ml (see Table VI). We found, however, that the tetanus component had
fallen to only one-third of the value given. When a second test was carried
out 14 months later, the diphtheria component had also fallen in value in
the same way. We may deduce from these findings that the ageing or
deterioration of the two vaccine components took place at different speeds.

TABLE VI. RESULTS OF POTENCY TESTS OF COMBINED DIPHTHERIA AND
TETANUS ALUMINIUM ADSORBATE VACCINES AT 14-MONTH INTERVAL

SE/ml

diphtheria tetanus
component component

Manufacturer's data 150 150

First test 180 45

Second test 62 59

If the previously mentioned findings for combined diphtheria and scarlet
fever vaccines are regarded in this light, we may offer the following inter-
pretation: the lability of the physical state of the diphtheria-adsorbate
vaccine is increased by the addition of the scarlet fever vaccine. The scale
of decrease in activity observed for the diphtheria component, ringing from
apparently completely retained to strongly decreased activity, results from
the variation in the speed of this decrease in activity and the different time
intervals between the manufacture of the combined vaccine and the sub-
sequent evaluation in the Institute.

If our interpretation is correct, these observations, although not a
genuine example of antigen competition, are nevertheless of importance in
this connexion. They indicate that the apparently neutral mixture of
antigens in vitro may bring about a change which on subsequent use of the
vaccine in vivo appears to be antigen competition. However, an exact
analysis of these findings has not yet been made. It can hardly be by mere
chance that we have so far observed a falling-off in the potency of the
diphtheria component in the mixture ratio of 1 :1 only, but not with a ratio
of 1: 9. This fact would seem to indicate that a part is played by other
factors, concerning which we can as yet make no definite statement.
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When the binding power of the antigens is tested in vitro, the antigen
and antibody are allowed to act on one another under precisely defined
conditions. The specific agent of the antigens active under these conditions
is the same as that which leads to the formation of the specific antibodies in
the living organism-namely, according to modern theories, a specific
surface-structure. However, the mode and place of antibody formation are
still disputed. The theories of Ehrlich, Metchnikoff, Pauling, and Burnet
represent successful attempts to bring some theoretical order into the maze
of experimental results. So far, however, theory has taken little notice of
two immunity phenomena; first, avidity, and secondly, the intensity or
speed of reaction of the organism to a first or a repeat immunization with
the same antigen in the same dose.

Consequently we have attempted in the " endless band " theory, which
has now been published, to find some common denominator both for these
aspects and for the theories so far propounded. As guiding principles we
may lay down the following: (1) the antigen is permanently incorporated
at the site of the antibody formation and binds the developing globulin
molecule by means of its specific binding surface-structure, to which a
complementary surface-structure on the as yet incompletely formed globulin
molecule corresponds; (2) the bound globulin molecule is again set free
by the " endless band " movement of globulin metabolism and becomes a
free antibody; and (3) the amount of antibody formed in unit time, which is
reflected in the antibody level of the serum, depends principally on the
speed of globulin metabolism, whereas the avidity of the antibodies is
influenced by the binding power of the antigen as much as by the speed of
globulin metabolism.3

For the question under consideration the dynamics of antibody forma-
tion stressed above are important. This factor replaces the antibody
concentrations, so far defined in vitro, by in vivo experiments, by a process
of which we can register experimentally only a given phase-as it were a
kind of " snapshot ". However, in order to take any " snapshot" measur-
able by our methods, we are usually forced to single out a particular case of
immunity development, namely, the reaction of the immunized organism
to the second dose of the same antigen.

The reticulo-endothelial system is nowadays generally taken to be the
site of antibody formation; localized mainly in the spleen, liver, and bone
marrow, it must really be regarded as a ubiquitous tissue system. Anti-
bodies can be formed anywhere in the organism, with a centre of concentra-
tion varying according to the dose and mode of application of the antigens.

In contrast to antigen competition in vitro there is, therefore, in the
case of antigen competition in vivo, a whole series of factors to be considered
in the planning and evaluation of experiments. These factors comprise:
(1) the type of animal, possibly also the race and age of the animals;
(2) the dose and mode of administration of the antigen; (3) the nature of
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the antigen itself, its adsorbability and binding power; (4) the nature of
the proof of antigen activity, according to whether this is a protective
action, i.e., proof of immunity, or a proof of the presence of antibodies
in vitro or in vivo. Variations in only one of these factors can appreciably
affect the results.

On attempting with these reservations to give a survey of the possible
mechanism of antigen competition, two fundamental possibilities can be
seen: (1) quantitative competition, where a given antigen suppresses other
antigens by the quantitative excess of the dose, and (2) qualitative competi-
tion, where a given antigen in moderate doses affects the activity only of
quite specific related antigens and does not influence others.
A prerequisite for quantitative antigen competition is that the power of

the organism affected by the antigens, for instance, the power to form
antibodies, must be limited in some way so that competing antigens have
to divide the available capacity between them. This limitation was often a
serious obstacle in our work on the preparation of high quality crude sera
for the production of Salmonella specific typing sera and mixed sera. In
order to get usable Salmonella antibody titres with the rabbit it is necessary
to approach the limits of tolerance for the antigen doses as closely as
possible. If, following Roschka's method, bacteria washed with alcohol
and acetone are used, the dose can be increased to from 100 mg to 200 mg
of dried substance per single intravenous injection.8 Nevertheless, even
with this maximum saturation of the rabbit's organism with antigens,
adequate antibody titres are often not obtained when the number of dif-
ferent antigens injected simultaneously is very high. The percentage com-
position of the agglutinin mixture produced in this way depends not only
on the percentage composition of the injected antigen mixture, but also
on the different antigen potencies of the separate components. Thus in
general the H antigens are appreciably more active than the 0 antigens,
and among the latter the paratyphoid A and B antigens are particularly weak.

The quantitative competition of antigens has also been used in practice
for the suppression of unwanted antibody formation in pregnancy. Unger
(quoted by Schwenzer 9) has apparently successfully repressed, at least to
some extent, the formation of Rh antibodies by massive immunization with
typhoid or whooping cough vaccine. A prerequisite for the success of such
treatment seems to be that the introduction of the competing antigen
should start before the Rh antigen exerts its effect. If this action has already
taken place before introduction of the competing antigen, the body will
be in a state of first immunization in respect of the competing antigen, but
in a state of second immunization in respect of the Rh antigen. In suitable
cases, competing immunization with the classic Aand B blood-group antigens
has also been carried out, the latter having a stronger antigenic action than
the Rh antigens. No success worthy of note has so far been reported.
Probably in these cases too, the competing antigen has been given too late.
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However, we should like to discuss a still further cause of failure. Since
antibodies can be produced, not only in the liver and spleen, but also at
the site of injection and in the regional lymph-nodes, the outlets for the
Rh antigen stored in the pregnant uterus are perhaps also of significance.
The route via the vena portae into the liver and the route via the lymph-
nodes and the thoracic duct must be considered here. Along both these
routes the Rh antigen might still be quantitatively superior to a competing
antigen injected somewhere or other either intravenously or intramuscularly.
Perhaps the success of competing immunization in the suppression of
Rh bodies might be improved by intraperitoneal injection of the competing
antigens.

Qualitative competition for the same receptor cell has not yet been
observed with the antigens so far studied. It seems to be confined to virus
infections.

In recent literature the competition phenomena observed in virus
diseases have been termed interference phenomena, although there is no
doubt that they come under the general heading of competition. According
to Vivell,10 interference phenomena are distinguishable from immunity
phenomena in that they are (1) observed before antibody formation,
(2) strictly dependent on the presence of living micro-organisms, and
(3) non-specific. What is involved here is not the property common to all
antigens-namely, specific binding power and the power to stimulate the
formation of specific antibodies-but the special property of many antigens
to act as agents of disease.

There is a certain gradation according to the degree of relationship of
the mutually competing viruses. In the phenomenon described by Magrassi 5
the herpes virus competes with itself when it is taken into the body by two
different routes. In the self-competition of the influenza virus, virus frac-
tions not capable of reproduction compete with reproductive whole virus
carrying the infection. In other cases, closely related viruses compete with
one another, for instance, the A and B types in foot-and-mouth disease, and
mouse-adapted viruses with monkey strains in the case of poliomyelitis.
Finally, viruses even without any antigen relationship can compete with
one another in the case of infection, e.g., the vaccine virus and the foot-
and-mouth disease virus.

Knowledge of the finer details of such competition is incomplete.
A personal observation on the competition of antigens considered as

agents of disease may be of some interest. In 1942-43 a wave of cholera
outbreaks spread in South Russia from Rostov to the western Ukraine.
In August 1943 I was able to make bacteriological investigations of the
most westerly penetration of this epidemic. There were 77 clinical cases
with a case-fatality rate of about 50% in a crowded prisoner of war camp,
with about 2000 prisoners, in Slavuta near Rovno. Even though all the
prisoners were immediately vaccinated, the limited spread and rapid control
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of the epidemic were striking. In over 20% of the stool samples sent to us
for examination, however, pyocyaneus bacteria were present in addition
to a few cholera vibrios. By means of test-tube experiments I was able to
establish that on simultaneous seeding of peptone water with pure cultures
of cholera vibrios and pyocyaneus bacteria, the bacteria completely repressed
and overgrew the vibrios within 9-12 hours. If the cholera vibrios were
given a start of from 3-12 hours in peptone water, the overgrowing of the
vibrios by the pyocyaneus bacteria took place with increasing rapidity.
In this case the antagonistic effect of the pyocyaneus bacteria was combined
with the synergistic effect of the cholera vibrios. Consequently, in the
epidemic mentioned, the pyocyaneus bacteria may have helped in controlling
the spread of cholera vibrios.

Synergy of Antigens

As concerns the synergy of antigens, little can be said for lack of relevant
experimental observations. AlmrLost the only examples of in vitro synergy
we can mention are the action of staphylococci in promoting the growth
of influenza bacteria and the action of cholera vibrios on pyocyaneus
bacteria. On the other hand, we know of no examples of an increase in the
specific binding power of an antigen on the addition of another antigen
in vitro.

Similarly, few examples can be given of in vivo antigen synergy. Ramon
has demonstrated an increase in the effectiveness of diphtheria and tetanus
toxoid on the simultaneous use of typhoid vaccine. The antigenic activity
of horse serum and influenza A virus has also been shown to be increased
by the addition of acid-fast bacilli. Moreover, non-antigenic substances
such as lanolin-paraffin wax, and adsorbent substances, such as kaolin,
alum, aluminium hydroxide, etc., can considerably increase the potency of
antigens in some cases. It is assumed that the mechanism involved is a
physical change of state in the antigens, and it is an open question whether
the synergistic action mentioned of typhoid vaccine or of acid-fast bacilli
is based on a similar non-specific mechanism. Another possible interpreta-
tion is to be found in the idea of " non-specific stimulation therapy ", which
has played a big part in the past few decades. In any case there is so far
no definite evidence that any specific components are concerned in the
examples of synergy mentioned.

A classic example of synergy of antigens considered as agents of disease
is afforded by the observation of Shope (cited by Kikuth 4) that the swine
influenza virus can only produce the complete syndrome in conjunction
with the bacterium Haemophilus suis. In addition, the relationship between
the influenza virus and influenza bacteria in man, as well as between swine-
plague virus and swine-plague bacteria, can be regarded as synergistic.
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Comment

As regards the phenomena of antigen antagonism and synergy we are
still at the stage of collecting observations; indeed, we have not progressed
very far even with this stage. The weakening of the antigenic potency of
diphtheria toxoids by purification can doubtless be explained by the
presence in the unpurified toxoid of antigens which are synergistic for the
pure toxoid. Thus it appears not unlikely that synergistic effects play a
greater part than was formerly supposed in the present-day practice of
preventive vaccination. However, we are still very far from being able to
measure quantitatively the effects of antagonism and synergy.

RtSUME

Les phenomenes d'antagonisme et de synergie entre antigenes n'ont ete que peu
etudies encore, mais il se pourrait qu'ils jouent un role plus important qu'on ne le pense,
dans l'immunisation preventive.

Un des cas d'antagonisme les mieux connus est la competition in vitro entre les
antigenes Vi et 0 des bacilles typholdiques, ainsi que celle qui existe entre les antigenes
0 et H, observee au cours de la preparation des serums specifiques pour le diagnostic
differentiel des infections a Salmonella.

Il semble que des phenomtnes du meme ordre se produisent dans certains antigenes
combines (diphterie-scarlatine, en certaines proportions). Il n'est pas impossible non
plus que l'affaiblissement du pouvoir antigene des anatoxines par purification soit dui
a 1'elimination d'antigenes synergiques de l'anatoxine pure.

Le mecanisme de comptition entre antigenes peut etre quantitatif ou qualitatif.
Dans le premier cas, un certain antigene en exces peut supprimer l'action des autres.
Dans le second cas, un antigene, meme en quantite moderee, peut affecter l'activite d'autres
antigenes - specifiquement proches - et laisser intacte celle d'autres d'entre eux.

Pour expliquer l'antagonisme quantitatif, il faut admettre que la capacite que pos-
sede l'organisme animal de former des anticorps est limite, de sorte que les antigenes
entrant en competition se la <(disputent )). C'est ce qui se verifie lors de la preparation
sur le lapin des serums specifiques pour le typage des Salmonella, et celle des serums
mixtes. Lorsque le nombre d'antigEnes injectes au lapin est trop eleve, il n'est pas pos-
sible d'obtenir des titres en agglutinines suffisants pour chacun des antigenes. Le titre
en agglutinines correspondant 'a chacun des antigenes presents dans le melange injecte
ne depend pas seulement de la proportion des divers composants, mais de l'activite
specifique de chacun d'eux. C'est ainsi que les antigenes H sont sensiblement plus actifs
que les antigenes 0 et que, parmi ces derniers, les antigenes paratypholdiques A et B
sont particulierement faibles.

La competition quantitative des antigenes a deja e utilisee pratiquement pour
eviter la formation d'anticorps indesirables au cours de la grossesse. Certains auteurs
seraient parvenus a reprimer dans une certaine mesure la formation d'anticorps anti-Rh
en inoculant des quantites massives d'antigenes typho-dique et coquelucheux, a condi-
tion d'inoculer les antigenes competiteurs avant que les antig6nes Rh aient commenc6
a exercer leurs effets.

L'auteur cite en outre la competition qu'il a observee en 1942-43, lors d'uneepidemie
de cholera qui sevissait entre Rostov et l'Ukraine occidentale. Il semble que la presence
simultanee, dans 20% des echantillons de selles examines, de bacilles pyocyaniques
antagonistes du vibrion cholerique, aient contribue 'a arreter la progression de l'6pid6mie.
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On ne connait que peu d'exemples de synergie in vitro entre antigEnes et encore
aucun d'exaltation du pouvoir de combinaison d'un antigene par un autre antig6ne.
In vivo, les exemples de synergie sont rares: Ramon a montr6 que les anatoxines diphte-
rique et tetanique etaient exaltees par la presence de vaccin antitypholdique. On ne sait
s'il s'agit d'un mecanisme physico-chimique analogue a celui par lequel on explique
l'exaltation des anatoxines par certains adjuvants ou bien si d'autres processus sont A
l'aeuvre. Un exemple classique de synergie entre agents pathogenes est celle que l'on
observe entre le virus de la grippe du porc et Hemophilus suis; la presence de ce micro-
organisme serait necessaire au developpement du syndrome grippal complet chez le porc.
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