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Laboratory Toxicity Test of Field Trial
Typhoid Vaccines *

J. SPAUN,1 IAN DAVIDSON 2 & S. OLESEN LARSEN8

It is important for the control of vaccines to develop methods for testing their toxicity
in the laboratory. Two typhoid vaccines that had given different rates of reactions among
vaccinated persons in extensive field trials provided a unique opportunity for exploring the
validity of the laboratory assessment of their toxicity. An elaborate design of a toxicity
test based on weight changes in intraperitoneally vaccinated mice is described in this paper.
The results of the laboratory test reflected the experience gained in field studies.

There has, in recent years, been an increasing
interest in laboratory tests for the toxicity of
vaccines. Within the group of inactivated bacterial
vaccines special attention has been given to the
toxicity testing of pertussis vaccine. Neurotoxicity
in children has often been reported, even in recent
years (Str0m, 1960), and this has focused interest on
its laboratory determination.
Typhoid vaccine deserves a similar interest. It is a

general experience that, with the size of the doses
used at present for human immunization, reactions
are frequent although seldom serious. Ritchie,
Ashcroft & Nicholson (1964) reported that half the
schoolchildren they vaccinated suffered unpleasant
reactions.

In the absence of specific tests, e.g., for neuro-
pathogenicity, it is generally thought that weight
development in young animals after vaccination may
be taken as a suitable measure of toxicity. However,
parallel tests in the laboratory and in man of vaccines
of different toxicity have seldom been reported. The
value of the animal weight test is consequently
dubious.

Personal previous experience with weight control
of mice injected with various types of typhoid
vaccines in different doses revealed that it was
necessary to pay much attention to the design of the
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experiment if conclusive results were to be reached.
Emmens (1948) has underlined the importance of
this, indicating that even the simple operation of
taking animals by hand out of a box and allotting
them singly to jars might introduce a systematic
trend in the weight. This suggests that the first
animals that come to hand are the tamest. The
principle of randomization in allocation, treatment
and care of experimental animals is also strongly
urged by Finney (1952).

It is known from recent reports ' that the weight
changes of various strains of mice differ after injec-
tion of pertussis vaccine. Therefore, it should be
pointed out here that in the following report no
attention will be paid to the absolute weight gain of
the mice. The analysis of the results is based only
on the comparison of weight changes observed with
the two different vaccines. It should be stressed that,
when the present experiments were made, nothing
was known about the rate of reaction in man of the
two typhoid vaccines under trial.

MATERIAL AND METHODS

In these studies it was decided to use two indepen-
dent series of random numbers for the randomiza-
tion procedures: one series for the allocation of the
mice to the numbered jars, the other for allotting
the jars to groups and for the order of treatment.
The mice were received from the Institute's

breeding farm in large boxes holding approximately
50-60 animals each. The mice were taken from these

* Division of Biologics Standards, National Institutes of
Health (1963) Pertussis Vaccine Symposium report, Bethesda,
Md. (unpublished).
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TABLE 1
INJECTION SCHEME

Group Animal No. Preparation and dose
No. o. (number of organisms)

1 15 19 37 57 65 96 103 128 135 156 Vaccine K I x1o"

2 6 28 41 59 71 81 100 118 132 145 Vaccine K 5x10'

3 3 18 48 61 69 94 99 121 136 152 Vaccine K 25x10'

4 7 32 35 62 72 93 104 127 137 151 Vaccine K 125xlO

5 16 31 43 51 70 86 111 124 141 146 Vaccine K 625x10'

6 8 23 40 53 77 84 112 116 139 149 Vaccine L 1x10'

7 1 27 42 55 66 91 97 126 142 150 Vaccine L 5x10'

8 14 20 34 60 76 92 107 122 133 153 Vaccine L 25x10'

9 13 21 46 64 74 85 106 119 131 159 Vaccine L 125x 106

10 9 26 38 56 75 82 109 114 129 158 Vaccine L 625x 10'

11 4 30 44 63 78 90 98 125 134 160 0.5 ml saline

12 10 17 47 58 80 89 110 123 138 157 0.5 ml saline

13 2 29 39 54 73 83 102 117 130 147 0.5 ml saline+0.5% phenol

14 5 24 45 52 67 88 101 115 143 154 0.5 ml saline+0.5% phenol

15 11 25 33 49 68 87 108 120 144 155 No treatment

16 12 22 36 50 79 95 105 113 140 148 No treatment

transport containers one by one and each was
allocated at random to a separate, numbered jar. A
total of 160 mice was used and these were given the
same numbers as the jars.
The 160 numbered animals were afterwards

distributed into 16 groups of 10 animals each, using
a second series of random numbers. The injection of
the animals was performed according to this second
randomization. All the weighings were performed
in numerical order.
The animals after their allocation were weighed

on the first, second, fourth and sixth days before
being injected on that day, and then daily on the
seventh, eighth, ninth, tenth and eleventh days. An
800-g precision balance, Type K7, manufactured by
Mettler, Zurich, was used throughout, and the
measurements were done to an accuracy of 0.1 g.
The weighings were performed in the morning at the
same time every day before the animals were fed.
Their food consisted of grain and bread soaked in
water. Two typhoid vaccines (K and L) that had
been studied in extensive field trials (Ritchie,
Ashcroft & Nicholson, 1964; Yugoslav Typhoid
Commission, 1964) were used in the present experi-

ments.1 Vaccine K is acetone-inactivated and
vaccine L is heat-phenol-inactivated. Both vaccines
were freeze-dried and contained no detectable
amounts of phenol (Walter Reed Army Institute of
Research & International Laboratory for Biological
Standards, Statens Seruminstitut, 1964).
The injections of the animals were performed

immediately after weighing on the sixth day. All
injections were given intraperitoneally. The freeze-
dried vaccines were suspended and diluted in saline.
Table 1 gives information about the animals included
in the different groups and about the different doses
of vaccine and the control injections of saline or
saline containing 0.5 % phenol.

RESULTS

In Table 2 are given the average weights of the
mice in the different experimental groups on each of
nine days. The first four weighings represent the

l A part of each batch of these two vaccines was estab-
lished as the International Reference Preparation of Typhoid
Vaccine (Acetone-inactivated) and of Typhoid Vaccine
(Heat-phenol-inactivated) respectively, in 1962 (WHO
Expert Committee on Biological Standardization, 1963).
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TABLE 2
WEIGHT DEVELOPMENT BEFORE AND AFTER INJECTION ON SIXTH DAYa

Dose Day No.
Preparation (number of

organisms) I 2 1 4 6 7 8 9 10 11

I x106 16.48 16.90 17.80 19.12 19.53 20.20 20.88 21.53 22.35

1 x106 16.67 17.62 18.24 19.65 19.93 20.49 20.79 21.48 21.98

Vaccine K 25x10' 17.14 17.90 18.49 20.34 20.66 21.31 21.80 22.39 22.96

125 x 106 16.37 17.18 17.84 19.14 19.10 19.87 20.39 20.87 21.39

625 x 10' 16.23 16.88 17.57 18.85 17.54 18.46 19.26 19.62 19.97

1 x 106 15.88 16.49 17.06 18.28 18.70 19.34 19.85 20.29 20.98

5 x 10' 16.84 17.38 18.14 19.50 20.04 20.47 20.81 21.51 21.94

Vaccine L 25 x 10. 16.39 16.77 17.62 19.01 19.04 19.85 20.26 20.86 21.26

125 x 10' 16.54 16.92 17.82 19.12 18.48 19.55 20.22 20.72 21.40

625 x 10. 16.81 17.43 18.05 19.48 18.07 18.77 19.78 19.99 20.58

0.5 ml 16.64 16.79 17.36 19.03 19.44 19.92 20.59 20.99 21.49
Saline

0.5 ml 16.72 17.59 18.12 19.56 20.14 20.51 21.13 21.63 22.17

(0.5 ml 16.43 17.28 17.86 19.37 19.43 20.13 20.50 21.18 21.78
Saline+0.5% phenol

I 0.5 ml 16.37 17.18 17.79 19.19 19.32 19.96 20.67 21.22 21.87

f- 16.27 16.98 17.85 19.41 19.97 20.63 21.43 22.09 22.61
No treatment -

16.59 17.43 18.20 19.64 20.25 20.78 21.39 21.86 22.47

aAverage weight, in grams, of vaccination groups of 10 animals on different days.

average weights of each group before the injections,
while for days 7-11 are shown the average weights
after the animals were treated.
During the period before the injections the animals

increased in weight quickly, the average weights for
all groups being 16.5 g, 17.2 g, 17.9 g, and 19.3 g on
the first, second, fourth and sixth days respectively.
After injection of the different doses of vaccine and
the control liquids the rates of increase in weight
were retarded in several groups; and in groups
receiving higher doses of vaccines K and L a loss in
weight was noticed. A graph based on the results
given in Table 2 is given in Fig. 1; some of the control
groups have been combined and the lower-dose
vaccination groups left out in order to make the
graph clearer.

It is obvious from Fig. 1 that the daily weight
increases during the pre-injection period were not
regular from day to day, being particularly small
from the second to the fourth day. This may be due
to an intervening holiday (third day), when feeding
of the animals may have been inadequate. All

groups, however, followed the same trend during
this period.
The weight decrease following the two highest

doses of each vaccine amounted to more than 1 g
but only lasted for one day. On subsequent days
the animals regained their previous growth rate.
The weight response to the different vaccine doses

and to the control solutions is given in Table 3 and
Fig. 2. The average of the difference between the
weight of the mice on the day of injection and their
weight on the following day has been set out for
each group.
The groups receiving the two smallest doses of

each vaccine seemed to be unaffected in their growth
rate, while the two highest dose-levels effected a
considerable decrease in weight. The dose consisting
of 25 x 106 organisms elicited hardly any response
with vaccine K, while the same dose of vaccine L
halted the weight increase.

There was little difference between the weight gain
of the group of animals receiving saline and those
having no treatment at all. On the other hand, it
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FIG. I
AVERAGE WEIGHT GAIN OF ANIMAL GROUPS INJECTED WITH DIFFERENT DOSES OF VACCINES

K AND L AND OF CONTROL GROUPS
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TABLE 3
AVERAGE WEIGHT INCREASE FROM DAY OF INJECTION
(6TH DAY) TO FOLLOWING DAY (7TH DAY) OF MICE

GIVEN VARIOUS DOSES OF VACCINES K AND L

Dose Weight changes (g) after injection of
(number of
organisms) Vaccine K VaccineL Control fluids

1 x 10' +0.41 +0.42

5x10' +0.28 +0.54

25x106 +0.32 +0.03

125 x10' -0.04 -0.64

625x10* -1.31 -1.41

0.5 ml saline +0.50

0.5 ml saline +
0.5 % phenol +0.10

No treatment +0.59

Standard error | 0.155a 0.109

a Standard error computed excluding the variance con-
tributed by the groups given the dose 625x 106 organisms.

seemed obvious that the addition of 0.5% phenol to
the saline reduced the weight gain. The difference
between this group and the saline group is statisti-
cally significant. Vaccine L impaired the growth rate
more than vaccine K did in the groups receiving
doses of 25 x 10f and 125 x 10 organisms. The
difference between these two responses is statistically
significant for the latter dose only. The differences

FIG. 2
WEIGHT CHANGES IN MICE DURING THE 24 HOURS

AFTER INJECTION OF DIFFERENT DOSES
OF VACCINES K AND L
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in response to doses above and below those just
mentioned were not statistically significant.

ANALYSIS OF THE VALIDITY OF THE EXPERIMENTAL
DESIGN

A statistical evaluation of the validity of com-
paring the various results was carried out.

It was investigated whether there was any trend
in the weights depending on the order in which the
mice were taken out of the transport containers.
According to Emmens (1948), it would be expected
that the different physical activity displayed by the
animals during their distribution into single jars
would be reflected in their weight. However, an
analysis of the average weights of groups of 16 ani-
mals arranged in the order of their removal from the
transport containers did not disclose any significant
variation of weights relating to the time-sequence in
the allocation operation.
An analysis of variance showed that the variation

of the weights of the mice between the different
vaccine and control groups was not significant before
the injections.
The same order of weighing the animals was

maintained throughout the experiment in order to
eliminate any possible influence of the sequence of
the weighing operation. An analysis of variance was
performed to estimate whether the order of weighing
affected the results. An influence was detected with
a low level of significance, but this could not be
related to any particular feature in the design or in
the operations.

DISCUSSION

The experimental results achieved here are in-
teresting in so far as they reflect the experience now
available from studies in man. Ritchie, Ashcroft,
& Nicholson (1964) reported the rate of reaction to
vaccination with vaccines K and L. They recorded
the number of children with fever, the number absent
from school, and the number with severe and mode-
rate local reactions. Differences between the two
vaccines were experienced only during the first
24 hours after the first injection. For the present
purpose attention is primarily focused on the differ-
ence in the reaction rate between the two vaccines.
By a X2 test we found that the number of children

absent and the number with moderate and severe
reactions were significantly higher (2.5%> P> 1 %)
after vaccination with vaccine L than after vaccina-
tion with vaccine K, provided the observations from
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both schools were combined. There was no difference
between the rates of attacks of fever evoked by the
two vaccines.
The various reactions reported when the same two

vaccines were used in field trials in Yugoslavia
(Yugoslav Typhoid Commission, 1964) give the same
impression although the differences reported between
the two vaccines were not statistically significant.

In the mouse toxicity test described here it was
also demonstrated that vaccine L was more toxic
than vaccine K. The course of the response curve
depicted in Fig. 2 was to be expected. Small doses
did not affect the animals at all. The highest doses
presumably affected the animals at a maximum rate
for both vaccines, and therefore no difference in the
response is apparent. Still higher doses would
probably have killed the mice. It is consequently in
the dose range in between these extremes that the
different influences of the two vaccines were evident.
It is obvious that only the special design, including
the multiple dose levels, the frequent weighings, and
the careful control of the sources of variation, made
it possible in the laboratory to reflect the experience
from the field. This is important in that it has proved
possible to rank the degree of reaction exhibited by
the two vaccines in the same order in the laboratory
as in man. It is not possible to attach a numerical
value to the relative toxicity of the two vaccines in
man. Neither do the shapes of the response curves in
the mouse tests allow of a valid statistical evaluation
of relative toxicity in the laboratory.
The toxic effects of the vaccines lasted only a short

time in the animals. A transient loss of appetite or

R1tS

Les auteurs decrivent une epreuve de laboratoire pour
la mesure de la toxicite respective de deux vaccins anti-
typhoidiques, le vaccin K (inactive par l'acetone) et le
vaccin L (inactive par le phenol et la chaleur), prepara-
tions largement utilisees au cours des campagnes de
vaccination de masse. Le principe de la methode est
d'enregistrer et de comparer les modifications de poids,
en fonction du produit employe, qu'entraine la vaccina-
tion d'animaux de laboratoire.
Des groupes de souris ont requ, par voie intraperito-

neale, une dose unique, variable suivant les lots d'ani-
maux, de vaccin K ou de vaccin L. Des groupes temoins
ont regu une injection de liquide physiologique, addi-
tionne ou non de phenol; d'autres souris enfin n'ont requ
aucun traitement. Tous les animaux ont e peses regu-
lierement dans les jours pr&edant l'injection et quoti-

loss of fluid could explain this influence. If the mice
were weighed at longer intervals, the quick weight
loss and subsequent rapid weight gain would have
concealed a loss in weight over, for instance, a
three-day period. The sensitivity of the method was
greatly increased by weighing the mice at short
intervals. A further reduction in the time between
the weighings might have yielded more information
but was not practicable.
The influence which the toxicity of these two

vaccines may exert on laboratory assays of potency
needs to be discussed. If it is assumed that the toxic
effect impairs the immunogenicity of the vaccines it
would be expected that the immunity evoked by high
(i.e., toxic) doses would not be proportional to that
effected by lower (non-toxic) doses of vaccine. Con-
sequently the response curve in the mouse protection
test would consist of two parts with different slopes.
However, the statistical analysis of the extensive
laboratory studies carried out on vaccines K and L
(Spaun & Uemura, 1964) did not reveal any parti-
cular feature in this regard. More elaborate analysis
of the immune dose/response curves of the two
vaccines evaluated separately might disclose such
an effect of toxicity on immunogenicity.

It would be interesting to see whether results
similar to those obtained by the intraperitoneal
injections reported here could also be obtained by
injecting the vaccines subcutaneously. Such ex-
periments might help to explain the difference
obtained in relative potency between vaccines K
and L when they are injected by the intraperitoneal as
compared with the subcutaneous route (Spaun, 1964).

SUMt

diennement dans les cinq jours qui lui ont succede. Toutes
precautions ont W prises afin de reduire au minimum les
causes d'erreur dues aux manipulations et aux pesees
successives.

Les vaccins, administres a faibles doses, n'ont determine
aucune alteration du rythme de croissance. Les doses
fortes (625 x 10 germes) ont provoque une chute de
poids notable immediatement apres la vaccination; par
la suite, le taux de croissance a repris une valeur normale.
Avec les doses intermediaires, la difference de toxicite
des deux vaccins est apparue nettement: la perte de poids
dans les 24 heures suivant la vaccination a e, de maniere
significative, nettement plus accusee avec le vaccin L
qu'avec le vaccin K. Le gain de poids, normal apres
l'injection de liquide physiologique, a baisse lors de
l'injection de solution saline additionnee de phenol.
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L'etablissement des courbes de toxicite de chaque vaccin
permet d'illustrer les differences entre les deux prepara-
tions: les doses faibles n'affectent quasiment pas les
animaux d'experience, et les doses tres fortes ont une
toxicite maximale identique pour les deux vaccins; en
revanche, pour les doses intermediaires, l'effet toxique
beaucoup plus eleve du vaccin L, mesure par la perte de
poids dans les 24 heures suivant l'injection, est manifeste.

L'interet de ces recherches est de confirmer certaines
observations faites au cours des campagnes de vaccina-

tion: le vaccin L entraine en effet des complications
postvaccinales plus frequentes et plus serieuses que le
vaccin K. Elles pourraient egalement aider a mieux com-
prendre les relations existant entre la toxicit6 des diffe-
rents vaccins et la valeur de leur pouvoir immunogene
tel qu'il peut etre evalue par les epreuves de protection
active chez la souris. I1 serait par ailleurs indique de re-
courir a cette methode pour etudier la toxicit6 relative
des vaccins antityphoidiques apres immunisation des
animaux d'epreuve par voie sous-cutanee.
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