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INHIBITION OF MACROPHAGE MIGRATION IN SALMONELLA IMMUNITY
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ABSTRACT

CAMERON, C. M. & VAN RENSBURG, J. J., 1975. Inhibition of macrophage migration
in Salmonella immunity. Onderstepoort J. vet. Res., 42 (l) 15-24 (1975).
Protein antigens were prepared from rough strains of Salmonella typhimurium and S. dublin by
phenol and verona!- buffer extraction. It was shown that the in vitro migration of peritoneal exudate
cells from guinea pigs that were immunized with rough avirulent mutants could be inhibited
effectively with these antigens.
The cells obtained from S. typhimurium-immunized guinea pigs were also sensitive to S. dublin
antigens and vice versa.
A degree of sensitivity and inhibition could be demonstrated consistently in a group of
immunized guinea pigs. However, the variation in samples, even from among individual animals that
had survived challenge, was so great that it precludes the use of the macrophage migration technique
as a routine standard assay procedure for immunity.

Bacterial strains
The virulent smooth S. typhimurium strain 2656V
as well as the avirulent rough mutants used in this
study are described by Cameron & Fuls (1974).
S. dublin strains 5765 and 5565 are avirulent
mutants (Cameron & Fuls, unpublished data, 1974).
The rough S. dublin strain 1/17 was described by
Botes (1964) and the virulent S. dublin strain 2652V
was isolated from a case of calf paratyphoid.

INTRODUCTION

The mechanism of immunity to Salmonella
infections is a complex problem and has been
intensively investigated and reviewed (Jenkin &
Rowley, 1963). In a series of publications it has been
shown that the immunity that is associated with a
carrier state (Jenkin, Rowley & Auzins, 1964) is due
to the production of specific antibody (Turner,
Jenkin & Rowley, 1964) and that this particular
antibody is attached to supposedly 'immune' cells
(Rowley, Turner & Jenkin, 1964). The role of humoral
antibodies in protection against infection has also been
stressed by other workers such as Jonas & Pulford
(1970), Venneman & Berry (1971a) and particularly
by Kenny & Herzberg (1967, 1968).
Conversely, other investigations have led to the
conclusion that true cellular immunity is the primary
mediator of protection against salmonellosis,
especially when living vaccines are employed (Blanden,
Mackaness & Collins, 1966; Osawa, Kawakami,
Karashige & Mitshuashi, 1967; Venneman & Berry,
1971 b). It has also been shown that this cellular
immunity is associated with the development of
delayed hypersensitivity (Collins & Mackaness, 1968).
It would appear, however, that neither humoral
1nr cellular mechanism operates separately, but that
in fact both mechanisms are active simultaneously
(Collins, 1971; Venneman & Berry, 197lc). Moreover, appreciable evidence has been accumulated
which indicates that the phagocytic activity of macrophages is mediated by cytophilic antibodies (Kurashige, Osawa, Kawakami & Mitsuhashi, 1967;
Rowley, Auzins & Jenkin, 1968; Hsu & Mayo,
1973).
Consequently it is obvious that an assay of humoral
antibodies alone would not be an acceptable measure
for immunity to Salmonella infections. Therefore, since
the macrophage migration technique is an accepted
in vitro. measure for delayed hypersensitivity and
possibly also other manifestations of cellular immunity
(Melnick, 1971; Bloom, Landy & Lawrence, 1973;
David, 1973), experiments were conducted to
determine whether this technique could be applied
as a measure of immunity against Salmonella.

Preparation of vaccine and immunization of guinea pigs
The preparation of fresh live vaccines of the
various mutants as well as the formalin inactivated vaccine composed of the virulent smooth
strain of S. dublin is described by Cameron & Fuls
(1974). The live vaccines were nephelometrically
standardized to contain approximately 3 x I 08
bacteria/ml while the inactivated vaccine contained
0, 5% packed cells.
Guinea pigs were immunized by administering a
single subcutaneous injection of 1, 0 ml of either of
the vaccines.

Challenge of immunized animals
bacteria used for challenge purposes were lyophilized and reconstituted in tryptone water prior to
use (Cameron & Fuls, 1974). The suspension was
diluted to contain approximately 3 x 108 bacteriajml
and guinea pigs were challenged by the intraperitoneal injection of 1 ,0 ml of the suspension. Deaths
were . ;corded for 14 days.
Preparation of antigens
Large quantities of bacteria were produced in D15
broth (Schlecht & Westphal, 1966) shake cultures.
The cells were harvested by centrifugation and either
frozen at -20° or lyophilized. Antigens were prepared
from rough S. typhimurium 2656 34 x 0 by the
following procedures:
pH 1I extract: The pH 11 extract was prepared as
described by Kawakami, Osawa & Mitsuhashi (1966).
Sodium dodecyl sulphate extract (SDS): SDS
extracts were prepared according to the method of
Jenkin & Rowley (1965).

MATERIALS AND METHODS

Experimental animals
Albino guinea pigs obtained from a known
Salmonella-free source were used throughout. They
were fed a balanced pelleted ration supplemented by
fresh lucerne.

Phenol extract: A phenol: water extract of bacteria
was prepared as described by Sutherland & Wilkinson
(1971) and the protein precipitated from the phenol
phase with ethanol as described by Tauber & Garson
(1959). The precipitate was washed with ethanol,
suspended in distilled water and lyophilized.
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Verona! extract: The procedure used was adapted
from the method employed by Barber, Eylan &
Keydar (1968) and Barber & Eylan (1972).

Measurement of migration and migration inhibition
The extent of migration was measured by means
of a microscope fitted with a calibrated eyepiece.
The diameter of the area of migration from each of
the 2 tubes in a well were measured at right angles.
The average of the 4 diameter readings obtained was
used to calculate the surface area of outgrowth and
arbitrary units.

In order to remove as much of the flagellar proteins
as possible the bacteria were first treated with ethanol
and acetone as follows:
Washed wet cells (40 g) were suspended in distilled
water to give a dense suspension which was mixed
with 9 volumes of 95/o ethanol and stirred at 37 oc
for 4 h. The cells were sedimented by centrifugation
and washed twice with acetone. They were resuspended
in a small volume of acetone, placed in a petri dish
and allowed to dry at 37 oc for 18 h.

Since the antigens were slightly toxic this had to
be taken into account when the true /o inhibition
of migration in the presence of antigen was calculated.
The following formula was therefore employed:
Percentage
area
100area
minus
area
100area

The dry bacteria (5/o m/v) were suspended in
0, 05 M verona! buffer pH 8, 4 and stirred at 37 oc
for 48 h. The cells were removed by centrifugation
and trichloracetic acid crystals added carefully to
the supernatant fluid to give a final concentration of
20/o (m/v). The precipitated protein was collected by
centrifugation and dissolved in 0,1 N NaOH. This
solution was exhaustively dialysed against distilled
water at 4 oc and lyophilized.

of migration inhibition =
of migration of immune cells with antigen
X

100

X

100

of migration of immune cells without antigen
of migration of normal cells with antigen
of migration of normal cells without antigen

Each bar in the histograms represents the results
obtained from a single guinea pig.

Experimental design
The first experiments were designed to find soluble
antigen preparations of S. typhimurium and S.
dublin that would not cause non-specific inhibition
of macrophage migration due to their inherent
toxicity. For this purpose different concentrations of
the 4 antigen extracts were included in tissue culture
medium. The migration of normal peritoneal cells in
the presence of antigen was compared with their
migration in the absence of antigen (Fig. 2 and
Fig. 3).

Phenol and verona! extracts were prepared similarly
from S. dublin strain 5765.

Macrophage migration
The technique employed was essentially as described
by David, Al-Askari, Lawrence & Thomas (1964)
with minor modifications.
Peritoneal exudate cells were collected from either
immune or non-immune guinea pigs 4 days after
intraperitoneal injection of 10 ml of a light mineral
oil*. They were exsanguinated, the abdominal skin
removed and approximately 40 ml of warm Hank's
solution containing 10 units of heparin/ml injected
intraperitoneally. After gentle massage the abdomen
was opened and the dense cell suspension aspirated
by means of a 50 ml syringe fitted with a 17 gauge
needle. The oil was allowed to separate for a few
minutes and the suspension placed in siliconized 10 ml
conical centrifuge tubes. The cells were deposited by
centrifugation at 800 x g for 5 min. The supernatant
fluid was decanted and a 50/o suspension of the cells
prepared in Eagle's medium. Capillary tubes (1 , 0 mm
ID) were filled, sealed at one end with paraffin wax
or by melting a tip of the tube and centrifuged at
800 x g for 5 min. The tubes were cut at the interface
of the cells and fluid and duplicate tubes mounted in
each well of a Mackaness-type culture chamber. The
wells were filled with tissue culture medium. The
medium consisted of Eagle's medium containing 20/o
fresh guinea pig serum and 32 units of penicillin/mi.
No other antibiotics were added. The medium was
used either without antigen as control or contained
100; 50; 25 or 24; 12,5 or 12; 6,25 or 6,0 Jlg/ml
antigen, depending on the requirements and design
of a particular experiment.

Once suitable antigens had been found, their
ability to cause specific inhibition of migration of
peritoneal cells from immunized guinea pigs was
investigated.
Initially the cells from guinea pigs that had first
been immunized with avirulent strains and then
challenged with virulent bacteria were tested. Once
it was established that these cells were sensitive to
antigen, the cells from guinea pigs that had only been
immunized were tested. This procedure was followed
for guinea pigs immunized with S. typhimurium and
with S. dublin.
In both instances the reactivity of the cells was
tested using S. typhimurium and S. dublin antigens.
Groups of 6, 8 or 12 guinea pigs were used in all
the experiments.
Migration assays were done 14 days after either
immunization or challenge. In some of the experiments
it was impossible to assay all the guinea pigs simultaneously. In such instances 2 guinea pigs from each
group were assayed at 3 or 4 day intervals.
RESULTS

Macrophage migration
An example of 'immune' macrophages which have
migrated from a capillary tube in the absence of
antigen is shown in Fig. la. The migration of these
macrophages is inhibited, however, in the presence of
antigen (Fig. 1b). Macro phages from normal guinea
pigs migrate equally well both in presence or absence
of antigen.

The chambers were incubated at 37 oc in 5/o C0 2
for 24 h after which the degree of migration was
recorded.
*White oil A grade, Caltex, P.B. 680, Silverton
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FIG . 2 Non-specific inhibitory effect of various S . typhimurium extracts for normal guinea pig peritoneal exudate cells:
A = pH I I extract
C = Phenol extract
B = SDS extract
D = Verona! extract
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Toxicity of antigen preparations
Before commencing this study it was necessary to
find non-toxic antigens that would not cause nonspecific inhibition of migration and thus give false
results.
Toxicity of S. typhimurium antigens prepared from
S. typhimurium 2652 V 34 x 0
The effect of the 4 antigens on cells from normal
guinea pigs is shown in Fig. 2. The pH 11 extract was
extremely toxic even at 6,ugjml while the SDS extract
had a stimulatory effect, consequently these 2 antigen
preparations were not studied any further. The phenol
extract and the verona! extract were also toxic at
concentrations of 25 ,ug/ml and higher but this effect
was lost at concentrations of 12 ,ug/ml and 6 ,ug/ml.
The phenol extract was poorly soluble and was used
at 12 ,ug/ml in the subsequent experiments while the
verona! extract was used at 6 ,ug/ml.
Toxicity of S. dublin antigens prepared from S·
dublin 2652
The toxicity of the 2 S. dublin antigens was similarly
tested and they were found to be less toxic than the
S. typhimurium antigens (Fig. 3). Although higher
concentrations would probably also have been
satisfactory they were used at 6 ,ugjml for comparative purposes.
·

In order to select the best strains for immunization
of guinea pigs, 6 animals were immunized with live
vaccines prepared from S. typhimurium strains RO
R4, R9, RIO, M206, T34-59, G30D, lLJ-15, DHI
and 2656 34 x 0 and challenged with S. typhimurium
2656V. The results are shown in Table 1.
TABLE 1 Immunity produced by various rough S. tyhpimurium mutants in guinea pigs against S. tyhpimurium 2656V
Strain
RO . ... .... ... .... .. . .. .. .... ... . .
R4 ........... . . ..... . . . . ...... .. .
R9 .................. .... ....... . .
RIO ........ . . . .. ................. .

M206 .......... . .... .. ... . . .... . . .
T34-59 . . .................... . . .. .
G30D ................ . ... ....... .
ILJ- 15 ... . ...... ... ....... . ..... .. .
DH!.. .......... . ... . .... ...... .. .
2656 34 X 0 ...................... .
Controls ..... ... .. ........... ... . .

Survivors/6
2

1
3
3
4
4
3
5
I

0
0

The degree of immunity afforded by the various
strains was variable and only strains M206, T34-59,
and ILJ- 15 gave an immunity of 50% or more.
Migration inhibition of cells from guinea pigs immunized with live S. typhimurium vaccines and
challenged with S. typhimurium 2656V

The cells from 2 guinea pigs that were immunized
with S. typhimurium strains I LJ and M 206 and
subsequently survived challenge with S. typhimurium
strain 2656 were tested for sensitivity to S. typhimurium and S. dublin antigens.
As demonstrated in Fig. 4 the cells from all 4
guinea pigs were clearly inhibited by S. typhimurium
antigen while they varied considerably with respect
to inhibition by S. dublin antigens.
Migration inhibition of cells from guinea pigs
immunized with rough strains of S. typhimurium but
not challenged

Antigen concentration (fJg/m I)

In the light of the promising results obtained in the
previous experiments, groups of 6 guinea pigs were
immunized with S. typhimurium strain RO, R9, RIO,
JLJ-15, DHI and M206 and the sensitivity of their
cells assayed. From the results shown in Fig. 5 it is
apparent that migration of the cells from all the
groups were inhibited by antigen but that there is a
great difference with respect to individual guinea pigs
within a group. While the cells of l or 2 guinea pigs
within a group show 50- 60% inhibition other individuals show only 10% inhibition or less.
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In general the veronal extract gave slightly better
inhibition than the phenol extracts.

10

There is no particular correlation between the
degree of migration inhibition and the actual immunity
afforded by the strains that were tested (Table 1).

Antigen concentration (j.Jg/ml)

The above findings were confirmed in a similar
experiment using guinea pigs immunized with S.
typhimurium strains M206 and ILJ-15 (Fig. 6).
In this experiment it was also shown that the cells
from S. typhimurium-immunized guinea pigs were
also sensitive to S. dublin antigens.

FIG. 3 Non-specific inhibitory effect of two S. dublin extracts
for normal guinea pig peritoneal exudate cells
A = Phenol extract
B = Verona! extract

Immunity of guinea pigs immunized with S. typhimurium live vaccines
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FIG . 4 Migration inhibition of peritoneal exudate cells obtained from guinea pigs immunized with either S . typhimurium strains
ILJ or M206, and challenged with S. typhimurium 2656V. Sensitivity of the cells was tested with S. typhimurium as well as
S . dublin extracts.

· Migration inhibition of cells from guinea pigs immunized
with S. dublin rough strains and challenged with S.
dublin strain 2652V
Groups of 8 guinea pigs were immunized with
S. dublin strains HBl / 17, 5765 and 5565 respectively
and challenged. The results are shown in Table 2.

Kostiala & Kosunen, 1972; Neiburger & Youmans,
1973). It has also been recorded in other diseases of
animals such as anaplasmosis (Buening, 1973),
mycoplasmosis (Biberfeld, 1973) as well as Streptococcus (Seravalli & Taranta, 1973; Heymer, Btiltmann, Schachenmayer, Spanel, Haferkamp &
Schmidt, 1973) and Pasteurella haemolytica infections
(Tizard & Elliot, 1974). The results presented in this
paper show that inhibition of macrophage migration
is also demonstrable in S. typhimurium and S. dublin
immunity in guinea pigs, but that there is an appreciable variation in the degree to which cells from
individual animals exhibit the phenomenon.

TABLE 2 Immunity to S. dublin produced in guinea pigs by
immunization with rough S . dublin mutants
Strain

Survivors/8

HB 1/ 17 ....... . . ... ........ . .... .
5765 .. .. ............. . ............ .
5565 .... . .. . .. ... ...... . . ...... . . . .
Controls .... ..... ..... ...... . . .. . . .

4
3
1
1

Whether inhibition of macrophage migration may
be regarded as a true measure of immunity is still a
point of contention (Neiburger, Youmans &
Youmans, 1973; Bloom et a/., 1973; David, 1973)
and although promising results have been obtained
(Yamamoto, Anacker & Ribi, 1970; Simon &
Sheagren, 1971 ), much more information is required
before any final conclusion can be drawn. This
problem is further complicated by the variations in
results which can be ascribed to technical inaccuracies
and variations (Bendixen & S<f>borg, 1970).

The cells from 4 survivors of vaccine HBl/17, 2 of
vaccine 5765 and 1 of vaccine 5565 were assayed
and the results are shown in Fig. 7. As in the case of
the S . typhimurium experiments, the cells of the
guinea pigs were clearly sensitive to antigen when
viewed as a group, but even in these animals that
survived challenge and should have been fully immune,
there was a pronounced variation among individuals.

Migration inhibition of cells from guinea pigs immunized
with S. dublin but not challenged
Fig. 8 shows the results of migration inhibition
assays on cells of groups of guinea pigs immunized
with S. dublin strains HB I / 17 and 5765. There was
little difference between the two immunizing strains
but once again the variation among individuals was
pronounced. As in the case of S. typhimurium the
verona! extract gave better results than the phenol
extract antigen.
The cells were also at least equally sensitive to
S. typhimurium antigens indicating an appreciable
cross reactivity.

The issue is also clouded by the fact that in order
to conduct meaningful assays the correct antigen
preparation should be used. Protein preparations
were employed because of their low toxicity but there
is no evidence that they necessarily contain the most
important immunizing antigens.
As indicated earlier, the probable role of cytophilic
antibodies as mediators of Salmonella immunity also
complicates the relevance of the migration inhibition
technique as a measure of immunity, since the precise
role of these antibodies as receptors on lymphocytes
or macrophages is unknown. Although some attempts
to elucidate the situation have been undertaken, the
results are inconclusive and much more information
and penetrating investigation are required (Lokaj,
1971; Tizard, 1971; Kostiala & Kosunen, 1972).

DISCUSSION

The phenomenon of "cellular" immunity as
measured by the macrophage migration technique
has been very well documented in a disease such as
tuberculosis, in which delayed hypersensitivity is a
prominent feature (Heise, Han & Weiser, 1968;
19
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FIG. 6 Migration inhibition of peritoneal exudate cells obtained from guinea pigs which were immunized either with S. typhimurium·
strain M206 or ILJ-15 and tested with phenol and verona! extracts of S. typhimurium strain 34 x 0 and S. dublin strain 5765

Finally it should be pointed out that the macrophage
migration assay is highly specific (David, Lawrence &
Thomas, 1964), but that an appreciable degree of cross
protection may exist between various microbial
parasites (Mackaness, 1964) which might not be
reflected by macrophage sensitivity (Simon & Sheagren, 1972). This discrepancy was also observed in
our work, though in reverse. Whereas we have been
unable to demonstrate protection against S. dublin
after immunization with S. typhimurium (Cameron &
Fulls, 1974) there is virtually complete reciprocity
with respect to macrophage migration inhibition
with protein antigens of the 2 species. The fact that
mice were used for the immunity experiments while
guinea pigs were used in the migration assays might,
however, account for the conflicting results.
Alternatively the protein extracts used in the assays
may contain common antigens which are not
important with respect to the induction of protection
against infection.
From the foregoing it is abundantly evident that
although the peritoneal cells from Salmonellaimmunized guinea pigs are sensitive to antigen the
validity of the macrophage migration inhibition
assay as a measure of protection is unproven and
requires more intensive study. For this purpose a more
suitable model such as brucellosis would be desirable.
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