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Studies on the Influence of the Route of Immunization
in the Active Mouse Protection Test with

Intraperitoneal Challenge for Potency Assay
of Typhoid Vaccines

J. SPAUN, M.D.1

In order to determine the reasons for the differences found in the potencies of typhoid
vaccines in the course of active mouse protection tests when immunization was done sub-
cutaneously or intraperitoneally and followed by intraperitoneal challenge, a series of
experiments were conducted which have suggested that intraperitoneal immunization and
challenge may be adversely or favourably influenced by the presence of undetermined
substances in certain types of vaccine.

Vaccines that prove least effective when administered intraperitoneally may affect the
experimental animals in such a way that they do not respond optimally to the antigenic
components of the vaccine, or some components of those vaccines may damage the perito-
neum so that the animals are rendered more susceptible to the subsequent intraperitoneal
challenge. On the other hand, it is possible that, where other vaccines show their greatest
efficacy when administered intraperitoneally, this may be due to the presence of substances
that enhance the vaccine's activity by inducing a non-specific local resistance in the perito-
neum.

The author suggests lines along which these questions may be investigated.

In the performance of active mouse protection
tests to assay the potency of typhoid vaccines, some
laboratories adopt a procedure in which the experi-
mental animals receive their immunizing inoculations
by one route and the challenge by another. Other
laboratories, however, may both immunize and
challenge intraperitoneally.
During a series of investigations of different

types of typhoid vaccine it was found that two kinds
of formol-killed vaccine elicited very considerable Vi,
H and 0 antibody production in rabbits after
intravenous immunization-a greater Vi and H
antibody response than an alcoholized vaccine
(Spaun, 1956). It was therefore surprising to find
that, when the intraperitoneal route was used for
both immunization and challenge in active mouse
protection tests, the formol-killed vaccines were
found to be considerably less potent than the
alcoholized vaccine.
The studies reported on here represent an attempt

1 Deputy Director, Department of Biological Standardi-
zation (WHO International Laboratory for Biological Stan-
dards), Statens Seruminstitut, Copenhagen, Denmark.

at a thorough analysis of the influence of the route of
immunization in the active mouse protection test.
It was also important to determine whether changes
in the route of immunization would affect the
potency estimates arrived at for the acetone-
inactivated and heat-phenol-inactivated WHO field-
trial vaccines (K and L) in the course of the inter-
national collaborative assay described elsewhere in
this issue.2 Two of the laboratories participating in
that collaborative assay undertook to conduct
studies on this point. These were the Division of
Biologics Standards, National Institutes of Health,
Bethesda, Md., USA (Dr Margaret Pittman), and
the Tarasevic State Control Institute for Medical
and Biological Preparations, Moscow, USSR
(Dr. E. N. Melikova).

MATERIALS AND METHODS

The vaccines used in the initial studies, carried out
in the author's laboratory in Copenhagen, were all
prepared from the same strain (Ty 2) of Salmonella

2See the article by Spaun & Uemura on page 761.
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typhi. All vaccines tested in any one type of pro-
tection test were prepared from the same harvest
of living culture of Ty 2. They are thus strictly
comparable except as regards the manner of prepa-
ration. One alcoholized vaccine (designated A) was
used as well as three vaccines (designated F, Fl and
F2) for the preparation of which the live typhoid
culture was killed with formol. The formol in
vaccine F was removed by drawing off the super-
natant after centrifugation, whereby considerable
amounts of antigenic material are lost at the same
time. Vaccines Fl and F2 contained 0.005% and
0.5% formol respectively. In addition, a heat-killed
vaccine (V) was included in these studies. It was
prepared in a manner similar to that adopted for
vaccine L, used in WHO field trials of typhoid
vaccines. Details of the preparation of vaccines A,
F, Fl, F2 and V have been given earlier in publica-
tions which also contain information on the anti-
genicity of these vaccines in rabbits (Spaun, 1954,
1956). The preparation of the WHO field-trial
vaccines (K and L) tested in Bethesda and Moscow
has been described by the Division of Immunology,
Walter Reed Army Institute of Research (1964).
White mice 12-16 g in weight were used for the

protection test studies in Copenhagen. Some were
immunized subcutaneously, others intraperitoneally,
with doses of typhoid vaccine ranging from 0.001
million organisms to 500 million organisms in
tenfold steps. All vaccine doses were injected in
volumes of 0.5 ml. The subcutaneous immunizations
were repeated five times at weekly intervals in order
to obtain a degree of immunity sufficiently high to
permit challenge of the animals with such a dose of
living Salm. typhi in saline as would with a high
probability ensure 1000% kill of non-immunized
animals. The interval between the last immunization
and challenge was 14 days throughout, and the
challenge was given intraperitoneally in all cases.
Survivors were recorded on the third day after
challenge.

In the tests carried out in Bethesda on vaccines K
and L, in which mucin was added to the challenge,
the vaccine doses ranged from about one million to
50 million organisms in fivefold increments. For
these tests the suggestions for potency assay in the
minimum requirements for typhoid vaccine of the
National Institutes of Health 1 were followed, except
in the series in which the immunizations were per-

1 National Institutes of Health (1953) Minimum require-
ments: typhoid vaccine, Bethesda, Md. (mimeographed).

formed subcutaneously. Whatever the route, immu-
nizations with vaccines K and L were given in a
single injection.
The statistical evaluation of the results was

carried out by probit regression analysis (Finney,
1952a) or the corresponding logit analysis (Finney,
1952b).

RESULTS

Table 1 presents the results of five series of experi-
ments, each comprising two to five assays performed
simultaneously. Experiment 1 clearly showed
vaccines Fl and F2 to be significantly less potent
than vaccine A, all immunizations being intra-
peritoneal.

Experiment 2 is a comparison of the alcoholized
vaccine (vaccine A) and the heat-killed vaccine
(vaccine V) in the same type of assay, the immuni-
zations being given intraperitoneally three times at
weekly intervals. In this experiment vaccines A and
V were shown to be of equal potency.

Experiment 3 was designed to test the influence of
formol, given either intraperitoneally or sub-
cutaneously simultaneously with but in a separate
injection from the three intraperitoneal immunizing
inoculations with vaccine A. The relative potency
estimates for vaccine A showed that the simultane-
ous intraperitoneal administration of 0.5% formol
apparently reduces the efficacy of the vaccines
whereas subcutaneously administered formol does
not.

In Experiment 4 each of the five vaccines was
administered in five weekly subcutaneous inocula-
tions. Under these conditions vaccines Fl and F2
proved to have higher potencies than vaccine A,
although the difference was statistically significant
for vaccine F2 only. Vaccine F showed a potency
of only 1/4-00th that of vaccine A, signifying that the
removal of the supernatant containing formol
reduced the mouse potency owing to loss of antigenic
material. Vaccine V was found to have a potency
about one-third that of vaccine A, but the difference
was not statistically significant.

In Experiment 5 all vaccines were given once
intravenously, and the mice challenged intraperitone-
ally 14 days later. In this assay the potencies of
vaccines Fl and F2 were 40-50 times that of vaccine
A, statistically significant in both cases. The potency
of vaccine V was of the same order of magnitude as
in Experiment 4, while that of vaccine F was even
lower than in that experiment.
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TABLE 2
INFLUENCE OF ROUTE OF IMMUNIZATION ON RELATIVE POTENCY AND EDso OF TYPHOID VACCINES K AND L

(BETHESDA EXPERIMENTS)

Challenge
No.
of

tests
Immunization

Relative
potency of
vaccine K

(vaccine L=1)

95%
confidence

limits
of relative
potency

5 Subcutaneous 0.85 0.62-1.18
Intraperitoneal

in mucin
11 Intraperitoneal 3.32* 2.09-5.28

* Significantly different from unity at the 5 % probability level.

Table 2 presents the results of experiments per-
formed in Bethesda with vaccines K and L (acetone-
inactivated and heat-phenol-inactivated) with mucin
added to the intraperitoneal challenge after a single
subcutaneous or intraperitoneal immunization. In
this table the combined results of five tests with
subcutaneous immunization and 11 tests with intra-
peritoneal immunization are shown. Each com-
prises a simultaneous potency assay of vaccines K
and L. The potency of vaccine K is expressed in
relation to that of vaccine L, which has been arbi-
trarily assigned a potency of 1. The corresponding
95% confidence limits and the ED50 values and their
confidence limits are also shown in Table 2.

Vaccines K and L proved to be of equal potency
after subcutaneous immunization, but vaccine K
showed about three times the potency of vaccine L
after intraperitoneal immunization-a statistically
significant difference.

In this connexion it is appropriate to compare the
differences between the ED50 values for the two
immunization routes for each vaccine. Too much
attention should not be paid to the actual numerical
values as higher vaccine doses might have been

needed for subcutaneous than for intraperitoneal
immunization. A valid comparison, however, should
be possible between the ratios of the ED50s obtained
with the two routes. It will be seen that the EDo0
for vaccine K was about three times greater with
subcutaneous than with intraperitoneal immuni-
zation, whereas for vaccine L the value after intra-
peritoneal immunization was slightly, but hardly
significantly, the greater. Thus vaccine K afforded
relatively better protection than vaccine L when
given intraperitoneally.
The findings derived from the results in Table 2

receive support from two series of experiments
carried out in Moscow with vaccines K and L in a
potency assay very similar to that used in Bethesda,
except that the challenge was given in a saline
suspension without mucin (Table 3). In this assay,
too, only one immunizing dose was given. The
same type of discrepancy between the ratio of the
ED50 values was observed in this assay as in that with
mucin challenge. With intraperitoneal immunization
the ED50 for vaccine K was about 40 times less than
with subcutaneous immunization. For vaccine L
the value after intraperitoneal immunization was

TABLE 3
INFLUENCE OF ROUTE OF IMMUNIZATION ON RELATIVE POTENCY AND ED,o OF TYPHOID VACCINES K AND L

(MOSCOW EXPERIMENTS)

* Significantly different from unity at the 5 % probability level.
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only three to four times less than that after use of
the subcutaneous route. This unequal decrease
in the ED50s of the two vaccines affects the stated
difference in potency.

DISCUSSION

In the active mouse protection test of typhoid
vaccines, formolized vaccines confer a lower degree
of protection than alcoholized vaccine when the
mice are immunized by the intraperitoneal route.
Greater protection, however, is afforded when they
are immunized subcutaneously and much greater
protection when they are immunized intravenously.
The introduction of high concentrations of formol
into the peritoneum-and probably also into the
subcutis-simultaneously with intraperitoneal im-
munization affects the mice in such a way that they
reveal a lower protection than when the same
vaccine is given intraperitoneally without additional
formol.
The findings obtained after immunization with

typhoid vaccines not known to contain any sub-
stances toxic to tissue may be interpreted as follows.
From the differences in the relative potencies of

vaccine K observed in the mucin assay and in the
other one-immunization assay, the working hypothe-
sis may be derived that vaccine L, when given intra-
peritoneally, affects the experimental animals in such
a way that they do not respond optimally to the
antigenic components of the vaccine. It may also
be that some component or components of the
vaccine damage the peritoneal lining of the mice,
thereby rendering them more susceptible to sub-

Lorsqu'ils effectuent des essais d'activit6 des vaccins
antityphoidiques par le test de protection active de la
souris, certains laboratoires utilisent la voie peritoneale
pour l'immunisation et l'inoculation d'epreuve, alors que
d'autres recourent A des voies differentes pour l'une et
I'autre.
On s'est aperqu, au cours de ces etudes, que le vaccin

tue par le formol suscitait une production considerable
d'anticorps Vi, H et 0 chez les lapins immunises par voie
intraveineuse. La production d'anticorps Vi et H est
superieure A celle que produit le vaccin alcoolis6. Aussi
a-t-on constate avec surprise que le vaccin formole
paraissait moins actif que le vaccin alcoolise, lorsque

sequent intraperitoneal challenge despite an adequate
antigenic response. Owing to the acetone treatment
no such harmful effect is thought to occur with vac-
cine K. This question could most probably be an-
swered by testing vaccine K enriched with the
material extracted by the acetone. The vaccine plus
adjuvant should be assayed in the active mouse
protection test comparing subcutaneousand intra-
peritoneal vaccination.
The possibility cannot be excluded that vaccine K,

when given intraperitoneally, may produce a non-
specific local resistance in the test animals due to
precipitation by the acetone of certain materials
contained in the live agar-grown culture. This
problem might be investigated by treating the heat-
phenol vaccine L with acetone and testing the
resuspended precipitate for protective potency by
intraperitoneal and subcutaneous immunization.

There are reasons to believe that formol retains the
known antigens in Salmonella typhi better than other
bactericidal agents (Spaun, 1954, 1956). It has now
been demonstrated that it is possible to obviate the
toxic effects of formol in the active mouse protection
test by immunizing mice intravenously. By so doing
it has been possible to obtain good correlation
between the antibody responses of rabbits to
different antigens and the results of the active mouse
protection test.

It remains to be determined whether the flat slope
of the dose-response curve seen in the intravenous
active mouse protection test is related to the route
of immunization or to the rather low challenge dose
used in the particular assay described. A flat slope
in the dose-response curve is undesirable as it
confers a low degree of precision in the assay.

'UME

l'on choisissait la voie intraperitoneale pour l'immunisa-
tion et l'inoculation d'epreuve.

L'etude des causes de cette apparente anomalie fait
l'objet de cet article. I1 etait important de determiner en
outre si le changement de voie d'immunisation affectait
aussi les estimations d'activite des vaccins utilises dans
les campagnes antityphoidiques, telles qu'elles decoulent
de 1'essai collectif international des vaccins. Deux des
laboratoires participant A l'essai international ont pris
part aux recherches qui port6rent en particulier sur
l'action des substances ajoutees aux vaccins, en cours de
preparation.

I1 ressort de ces etudes que, dans le test de protection
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active de la souris, certains vaccins formoles conferent un
degre de protection moindre que le vaccin alcoolis6,
lorsque les animaux sont immunises par voie intraperi-
toneale, mais un degre de protection superieur s'ils sont
administres par voie sous-cutanee, et encore plus par voie
intraveineuse. Des experiences faites pour preciser l'action
du formol - par introduction de cette substance, inde-
pendamment du vaccin, dans le peritoine - ont montre
que le vaccin est plus actif en l'absence de formol.
Des observations du meme ordre ont e faites lors de

la comparaison des Preparations internationales de
R6ference des Vaccins antityphoidiques - le vaccin L
(inactive par la chaleur et le phenol) et le vaccin K
(inactive par l'acetone) - dans le test de protection
active de la souris par la voie sous-cutanee et la voie
intraperitoneale. L'immunisation sous-cutanee demande
une plus grande quantite de vaccin que l'immunisation
intraperiton6ale, qui, elle-meme en demande davantage
que l'immunisation intraveineuse, pour obtenir le meme
degre de protection. Cependant, la variation entre les
doses n6cessaires pour immuniser 50% des animaux par
les diverses voies n'est pas la meme pour tous les vaccins.

Si P'on passe de la voie intraveineuse a la voie intra-
peritoneale, la dose de vaccin au formol necessaire pour

proteger 50% des animaux augmente davantage que s'il
s'agit de vaccin 'a 'alcool. Si l'on passe de la voie intra-
peritoneale a la voie sous-cutanee, la dose de vaccin au
formol necessaire augmente moins que celle du vaccin a
I'alcool. L'augmentation de la dose protectrice 50% du
vaccin K, si l'on passe de la voie intraperitoneale a la voie
sous-cutan6e, est moins grande que pour le vaccin L.

Trois hypotheses sont proposees pour expliquer les
faits:
1. I1 se peut que les vaccins les moins efficaces par voie
intraperiton6ale affectent le revetement de la cavit6
peritoneale, de sorte que les animaux ne donnent pas une
reponse optimum anx antigenes du vaccin.
2. I1 se peut que certains composes du vaccin lesent le
peritoine, rendant les animaux plus sensibles 'a l'injection
d'epreuve ult6rieure.
3. On ne peut exclure la possibilite que les vaccins les
plus immunisants par voie intraperitoneale conferent a
l'animal une sorte de resistance locale non specifique du
peritoine, due a certaines substances presentes dans le
vaccin.

L'auteur indique dans quelles voies ces recherches,
d'un si grand interet theorique et pratique, pourraient
etre poursuivies.
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