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Experiments with Vi-Negative Strains
of Salmonella typhi

A. F. B. STANDFAST1

The immunological properties of a number of strains of Salmonella typhi were tested.
One of these strains, although it did not contain the Vi antigen, was able to protect the mice
against Vi-positive challenge when used as a vaccine for mice. The finding of a stable Vi-
negative strain is important, as many strains, such as the classic 0 901, revert to the Vi-
positive state on a single mouse passage.

Using the Vi-negative organism as challenge in eight assays of the vaccines used in the
Yugoslav field studies at Osijek, the phenolized vaccine was shown to be about 10 times
more potent than the alcoholized vaccine. Further laboratory tests in conjunction with
field trials will be necessary to show if these results are significant.

Since Grinell in 1932 first showed that the mouse
could be used as an experimental animal for virulence
tests with Salmonella typhi, several attempts have
been made to develop active protection tests. In
America the challenge doses of organisms have been
given in mucin (Siler et al., 1941; Batson, 1949; and
others), while in England mucin has been avoided
and the challenge given in saline (Felix, 1951, and
others). Both these tests, however, are regarded as
measuring the response to the Vi antigen and are
based on the assumption that the Vi antigen is the
essential antigen concerned in protection. Most, if
not all, of the tests with non-Vi strains and antigens
mentioned in the literature have been carried out
with the traditional laboratory strain, 0 901. This
paper reports some experiments with some freshly
isolated Vi-negative strains of Salmonella typhi.

MATERIALS AND METHODS

Strains
A number of Vi negative strains were collected

through the kindness of Dr E. S. Anderson of the
Central Enteric Reference Laboratory and Bureau,
Colindale, London. On examining these strains
(Tables 1 and 2) it soon became obvious that they
fell into two groups: (1) those which reverted to the
Vi-positive state on passage through mice, and in
each case examined a single passage was enough;

1 The Lister Institute of Preventive Medicine, Elstree,
Hertfordshire, England.

and (2) those strains which appeared to be in a stable
Vi-negative state. Three strains fell into the second

TABLE I
VIRULENCE OF Vi-NEGATIVE AND Vi-POSITIVE STRAINS
OF SALMONELLA TYPHI TESTED BY THREE ROUTES, WITH

POST MORTEM FINDINGS

Average LDso by
Culture

Strains Intraperi- Intraperi- I ntra- from
toneal toneal cerebral post
route route erbal mortem

in saline with mucina route

Vi-negative:

Ty 114 b 38x 106 5 470 3 090 Vi +

Ty 226 b 66x 106 8 040 5 860 Vi +

Ty 228 b 74x 106 6 250 1 535 Vi +

T 5593 237x 10 331 000 31 400 Vi +

0 901 755x 106 NT NT Vi +

T 5410 68x 106 > 10 000 10 530 VI-

T 5501 82x 10' 54 350 5 000 Vi-

T 5508 119x 106 338 000 2 430 Vi-

Vi-positive:

Ty 2 28x 10 5 400 1 600 Vi +

T 58 60x 106 117 NT Vi +

T 4904 250x 10 NT 266 Vi +

a NT = not tested.
b Vi-negative mutants from Ty 2.
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TABLE 2
RANGE OF LD5o OF TEST STRAINS OF SALMONELLA TYPHI

Strain Route a Lowest Highest Geometric NumberLDso LDso mean of tests

T 5501 IpM 18 000 142 000 54 350 10

T 58 IpM 31 340 117 9

T 5501 Ic 1760 15 000 5 000 12

T 4904 Ic 100 690 270 8

T 5501 Ip 68x 10' 11Ox 106 82x 10 6

Ty 2 Ip 21 x 106 41 x 10' 28x 10' 13

a Route: IpM = intraperitoneal in mucin; Ic = intracerebral;
lp = Intraperitoneal in saline.

group and appear to be permanently Vi-negative as
no Vi antigen can be demonstrated either serologic-
ally or by phage tests after five serial passages in
mice. Most of the work reported in this paper has
been with one of these strains, T 5501.

Agglutination tests

All tests were carried out with standard suspen-
sions kindly supplied by Colonel H. J. Bensted, then
Director of the Central Public Health Laboratory;
these suspensions were checked at each test with
standard sera from the same source.

Mouse virulence and protection tests

The procedure for virulence tests in mice and for
active and passive protection tests has been described
in the preceding paper.'

RESULTS

The first unexpected finding with a Vi-negative
strain is illustrated in Table 3. The surviving mice
from a virulence test with strain T 5501 were chal-
lenged 10 days later with a virulent Vi-positive

1 See the article by A. F. B. Standfast on page 37 of this
issue.

TABLE 3
TWO TYPICAL EXPERIMENTS WITH DOUBLE CHALLENGE, THE SURVIVORS FROM THE FIRST CHALLENGE
BEING GIVEN 10 DAYS LATER A SECOND CHALLENGE, INTRAPERITONEALLY OR INTRACEREBRALLY

Test 1A. Intraperitoneal virulence test with VI-negative strain Test 1B. Survivors of test IA challenged intraperitoneally with
T 5501 Vi-positive strain Ty 2 10 days later

Dose of T 5501 x 10 [ Survivors out of 10 mice Dose of Ty 2x 10' Survivors out of 10 mice

100 1 NT

50 8 NT

25 10 200 10

12.5 10 -4' 200 9

Controlsfo 10 100 0
Controls

t0 10 -4' 50 2

Test 2A. Intraperitoneal virulence test with Vi-negative strain Test 2B. Survivors of test 2B challenged intracerebrally with
T 5508 Vi-positive strain T 4904 10 days later

Dose of T 5508x 10 T Survivors out of 10 mice Dose of T 4904x 10' Survivors out of 10 mice

100 0 NT

50 7 NT

25 10 -4. 10000 10

12.5 10 10000 10

r 10 4 10 000 O
Controls 1

0O 10 I-1000 1

NT = not tested with second challenge.
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culture of strain Ty 2 with the unexpected result
that all but one of the mice which had received
T 5501 survived. Although in this experiment both
doses, the original T 5501 challenge and the later
Ty 2 challenge, were given intraperitoneally, it is
unlikely that after a lapse of 10 days local non-
specific immunity elicited by the first dose could be
responsible for the solid protection. To prove this
point, an experiment was done (Table 3, test 2) in
which an intracerebral challenge with Salmonella
typhi strain T 4904 was given after 10 days to the
survivors of a virulence test of strain T 5508. This
gave the same result-all the " vaccinated" mice
were immune. Strain T 4904 is a Vi-positive, 0-
inagglutinable strain of high virulence by the intra-
cerebral route (see Table 1). This type of test has
been repeated on many occasions and the accumu-
lated results are given in Table 4.
These results led to a thorough examination of the

Vi-negative strains and a search for Vi antigen in
strain T 5501, as it seemed unlikely that the ap-

TABLE 4
H, 0, AND Vi TITRES OF SERA FROM RABBITS AND MICE
IMMUNIZED WITH LIVING Vi-NEGATIVE SALMONELLA
TYPHI STRAIN T 5501 AND WITH OTHER ANTIGENS

Rabbits Lowest Highest Arithmetic Numbers
immunized with titre titre mean of rabbits

living T5501 2048 64000 30000 16

killed Ty2 1024 32000 14000 5

living T5501 4096 32000 13200 16

killed Ty2 2048 32000 11000 5

living T 5501 <8 <8 <8 16

Vi killed Ty 2 20 160 80 5

living E. coll 64 1 024 400 2

Mice immunized Lowest Highest Arithmetic Number
with titre titre mean of pools a

living T5501 100 400 170 6

killed Ty2 100 200 150 4

living T 5501 <8 <8 <8 6

Vi killed Ty 2 320 640 490 4

living E. coil 80 160 76 4

a Each pool Is the serum from a group of 15 mIce given
two doses of vaccine and killed and bled 10 days after the
second dose.

parently Vi-negative T 5501 could protect against a
Vi-positive strain.

Examination of Vi-negative strain for Vi antigen
Kauffmann (1936) has reported that 0 901 would

revert to the Vi-positive state on a single passage
through mice, though this strain will remain stable
for years under laboratory cultivation. This
finding of Kauffmann's with strain 0 901 was
repeated (Table 1). The first step in the examination
of the Vi-negative strains was therefore to passage
the two strains T 5501 and T 5508 serially five times
through mice. The organisms were examined after
each passage and at no stage exhibited any Vi antigen
by agglutination with known serum of high Vi titre
or by absorption of agglutinins from such sera.
The cultures recovered post mortem from the mice
used for the fifth passage were also injected into
sixteen rabbits, and in addition two rabbits were
given living Vi-positive Escherichia coli and five
rabbits were given killed S. typhi, strain Ty 2. Each
bleeding ofeach rabbit was kept separately and tested
separately; the results are shown in Table 4, from
which it will be seen none of the rabbits given strain
T 5501 showed any production of Vi agglutinins.

Miller, Clark & Dierkhising (1951) found that
Vi agglutinins were produced in mice more readily
than 0 agglutinins-in striking contrast to their
results in rabbits. Mice were therefore used, and
the results are shown in the lower part of Table 4.
Here again strain T 5501 produced no rise in Vi titre,
unlike the Vi-positive strains.
These strains were also tested for the presence of

Vi-positive organisms by Dr E. S. Anderson. The
method of testing was to inoculate logarithmically
growing cultures with selected concentrations of Vi
phages and to incubate the resulting mixtures for a
number of hours. The presence of Vi-positive
organisms would be betrayed by multiplication of
the phages used. The sensitivity of these tests was
sufficiently high to detect a Vi-positive: Vi-negative
bacterial ratio of about 1: 104. Neither T 5501 nor
T 5508 showed any evidence of containing Vi-
positive organisms in these experiments.
From these tests we may conclude that strain

T 5501 is without Vi antigen, for even if the Vi
antigen of this strain was so labile that it was lost
on a single subculture in vitro, so that no laboratory
suspension could agglutinate with Vi serum or
absorb agglutinins, living T 5501 in sublethal doses
should cause the elaboration of Vi antibody in mice
in the same way as living T 5396 or killed Ty 2.
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TABLE 5

RELATIVE ABILITY OF LIVING AND DEAD VACCINES
TO PROTECT AGAINST A TY 2 CHALLENGE GIVEN

14 DAYS AFTER VACCINATION

Log I Dso
NumberVaccine Lowest Highest Geometric of assays

Lowet Hihest mean

Living T 5501 4.9031 6.1761 5.8940 7

Killed T 5501 6.7324 8.0792 7.5725 3

Killed Ty 2 7.1139 8.1761 7.4542 9

Killed 0 901 >9.3010 - - 3

Use of Vi-negative strain T 5501 as vaccine for
protection against Vi-positive challenge

Although, as might be expected, T 5501 was much
more potent as a living vaccine, it could be used as a

killed vaccine. In Table 5, the relative potencies are

shown. The killed Vi-positive Ty 2 vaccines were

better than the killed T 5501, and killed 0 901
vaccine was very poor. It is not possible to use living
O 901 as a vaccine, as this strain's ability to revert
to the Vi-positive state on a single mouse passage
means that immunity arising from living 0 901
vaccines can be " contaminated with Vi ".

TABLE 6
DURATION OF IMMUNITY ELICITED BY LIVING

Vi-NEGATIVE T 5501 AGAINST Vi-POSITIVE TY 2 a

Survivors/total and % after Ty 2 challenge
Dose

7 days 14 days 21 days 28 days

Living
T 5501:

1x106 13/35 37% 32/53 60% 17/40 42% 19/58 32%

1 x 10 18/50 36 % 34/80 42 % 19/58 33 % 12/50 24 %

1x1O4 14/50 28 % 28/89 32 % 24/56 23 % 6/50 12 %

I X 103 10/50 20 % 15/98 15 % 10/56 18 % 2/50 4 %

Killed
Ty 2:

1 x 10 23/40 58 % 24/40 60 % 19/41 46 % 13/39 30 %

a A series of groups of mice were vaccinated with a single
injection of living Vi-negative T 5501, at four dose levels; 7, 14,
21 or 28 days later groups were challenged with 2-5 LD50 of Vi-
positive Ty 2 given intraperitoneally in saline. A control
series was given an injection of 1x 108 killed Ty 2; groups in
this series were challenged 7-28 days later with the same
challenge as the T 5501 series.

Duration of immunity against Vi-positive challenge

The accumulated results of several experiments
are shown in Table 6. It will be seen that given an
adequate immunizing dose the immunity elicited is

TABLE 7
ACTIVE IMMUNIZATION TESTS ON THE YUGOSLAV VACCINES USED IN THE OSIJEK
FIELD TRIALS, a USING AN INTRAPERITONEAL CHALLENGE IN MUCIN OF A Vi-NEGATIVE

STRAIN OF SALMONELLA TYPHI T 5501

IDso (millions)
Route of Time -to Yugoslav Yugoslav Challenge Ratio
of mice challenge alcoholized phenolized x LD5o A: Pvaccine vaccine

(A) (P)

Intraperitoneal 14 5.0 0.4 30 1: 0.08

.. 14 1.2 0.11 20 1: 0.09

21 12.0 0.4 30 1: 0.033

21 22.0 0.9 56 1: 0.041

Subcutaneous 14 200.0 77.0 29 1: 0.385

.,914 490.0 20.0 10 1: 0.041

lo 21 230.0 56.0 44 1: 0.24

of 21 312.0 17.0 20 1: 0.054

a These vaccines are more fully considered in the article by A.F.B. Standfast on p. 37 of this issue.
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similar in duration (up to 28 days at least) to that
shown by a killed Vi-containing vaccine. With
smaller immunizing doses, the degree of immunity is
not so great, nor is the duration so long.
The duration of immunity shown by the living

T 5501 vaccine makes it unlikely that this is due to a
non-specific factor as described by Pillemer et al.
(1954) and by Rowley (1955).

Lise of Vi-negative strain T5501 as challenge in
vaccine assays
In the various active protection tests suggested for

the standardization of typhoid vaccines, the use of
Vi-positive challenge strains is always stressed
(Felix, 1951; US Department of Health, Education,
and Welfare, 1953; and others), as it has always
been assumed that the Vi antigen was the essential
antigen for protection.
A series of assays was carried out on the Yugoslav

vaccines which had been used in the Osijek trials,
using the Vi-negative strain T 5501 as the challenge
strain. Table 7 shows that in all these tests the
Yugoslav phenolized vaccine was better than the
Yugoslav alcoholized vaccine. In this respect, these
assays differed from all the other assays carried out
at the Lister Institute,. in which there was no distinct
difference between these two vaccines.

DISCUSSION

The experiments described in this paper are
intended to draw attention to the fact that it is
possible to get definite protection against Vi-positive
strains of Salmonella typhi without demonstrable
Vi antibodies.
Henderson (1939) showed in passive protection

tests that either Vi or 0 serum will protect against a
moderate number of fatal doses of a fully virulent
Vi+O strain, but that the Vi-antibody was the only

one that would protect against large multiples of a
fatal dose of such an organism.
Landy, Johnson, Webster & Sagin (1955) showed

that acetone-killed and dried organisms of strain
O 901 and also the purified 0 antigen isolated from
this strain would protect mice against a lethal dose
of strain T 58, a Vi-positive, 0-agglutinable strain,
given in mucin. This experiment differs somewhat
from those described in this paper where a heat-
killed 0 901 vaccine would not protect against a
challenge of the Vi-positive, 0-inagglutinable strain
Ty 2 but a living or dead vaccine prepared from the
Vi-negative T 5501 strain would do so, although the
living was much more potent than the dead vaccine
(Table 5).

It is not possible yet to decide whether the action
of strains like T 5501 is due to the 0 antigen or to
some other antigen present in strain T 5501 but lost
by strain 0 901.
The failure of the present methods of laboratory

assay for typhoid vaccines (Edsall et al., 1959;
Ikic, 1956; see also the preceding paper) makes it
obvious that other methods must be found. Many
have been suggested, but all have bmen found to be
dependent on the Vi antigen and its corresponding
antibody. It was hoped at one time that the intranasal
test in mice might not be dependent on Vi antigen,
but studies carried out at this Institute and by
Landy and his colleagues (1957) showed that once
again the Vi antigen was the controlling factor.
The test reported in this paper is dependent on an

unknown factor which is definitely not the Vi antigen,
as protection can be obtained with a Vi-negative
vaccine against a Vi-positive strain. The results of
this test, moreover, place the Yugoslav vaccines in
the same order of potency as do the results of the
field trials, but only carefully controlled tests in
collaboration with further field trials can show its
practical value.

RISUMt

Poursuivant les etudes sur le vaccin antityphoidique
developpees a la suite de la premiere experience de
vaccination de masse en Yougoslavie, l'auteur de cet
article attire l'attention sur le fait qu'il est possible de
proteger des souris contre des souches de Salmonella
typhi Vi-positives, au moyen d'une souche depourvue
d'antigene Vi (souche T 5501). Cette souche a la parti-

1 See Table 2 of the article by A. F. B. Standfast on
page 37 of this issue.

cularite d'etre stable et de garder sa Vi-negativite au
travers de nombreux passages, alors que d'autres sou-
ches negatives, telles que 0 901, font retour a la positivit6
A la suite d'un seul ou de quelques passages sur la souris.
L'immunite conf&ee par le vaccin T 5501 vivant est aussi
durable que celle que donne un vaccin tue contenant
F'antigene Vi. Le vaccin T 5501 tue est immunisant aussi,
mais il est inferieur cependant A un vaccin Vi-positif
tue. Ces faits confirment l'idee que d'autres etudes ont
mise en lumiere, selon laquelle l'antigene Vi ne serait pas le
facteur antigenique essentiel du vaccin antityphoidique.
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