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Salmonella enterica serovar Gallinarum is a host-specific serotype that causes the severe systemic disease fowl
typhoid in domestic poultry and a narrow range of other avian species but rarely causes disease in mammalian
hosts. Specificity of the disease is primarily at the level of the reticuloendothelial system, but few virulence
factors have been described other than the requirement for an 85-kb virulence plasmid. In this work, by making
functional mutations in the type III secretion systems (TTSS) encoded by Salmonella pathogenicity island 1
(SPI-1) and SPI-2, we investigated the role of these pathogenicity islands in interactions between Salmonella
serovar Gallinarum and avian cells in vitro and the role of these pathogenicity islands in virulence in chickens.
The SPI-1 mutant showed decreased invasiveness into avian cells in vitro but was unaffected in its ability to
persist within chicken macrophages. In contrast the SPI-2 mutant was fully invasive in nonphagocytic cells but
failed to persist in macrophages. In chicken infections the SPI-2 mutant was attenuated while the SPI-1 mutant
showed full virulence. In oral infections the SPI-2 mutant was not observed in the spleen or liver, and following
intravenous inoculation it was cleared rapidly from these sites. SPI-2 function is required by Salmonella serovar
Gallinarum for virulence, primarily through promoting survival within macrophages allowing multiplication
within the reticuloendothelial system, but this does not preclude the involvement of SPI-2 in uptake from the
gut to the spleen and liver. SPI-1 appears to have little effect on virulence and survival of Salmonella serovar
Gallinarum in the host.

Salmonella enterica serovar Gallinarum causes the severe
systemic disease fowl typhoid in domestic poultry and other
avian species (28). Although fowl typhoid has been largely
eradicated in Europe and North America through control
measures, the disease still causes substantial economic losses in
Latin America, Africa, and Asia, where the intensification of
the poultry industry is in its infancy. Serovar Gallinarum is host
specific, causing mortality rates of 50% or more in the domes-
tic fowl (28, 34). In contrast serovar Gallinarum does not cause
systemic disease in experimentally infected mice or other lab-
oratory mammals and has only rarely been reported to cause
enteritis in humans (5, 26, 28). Host specificity of Salmonella
serovar Gallinarum is expressed primarily at the level of the
reticuloendothelial system (5), though other factors, particu-
larly interaction with the intestinal epithelia, may also play a
role (21, 26).

The molecular and cellular mechanisms of fowl typhoid are
relatively poorly understood. The 85-kb serovar Gallinarum
plasmid is essential for virulence (2), and several plasmid vir-
ulence genes have been identified (31). Two pathogenicity
islands, Salmonella pathogenicity island 1 (SPI-1) and SPI-2,
which play key roles in mediating disease by Salmonella enter-
ica through their respective type III secretion systems (TTSS)

(19), have been described. The TTSS mediate the translocation
of various virulence-associated effector proteins from the bac-
teria into the host cells (12, 18, 40). Several of the SPI-1
TTSS-dependent effector proteins have been identified in se-
rovar Dublin. sopA, sopB, sopD, sopE, and avrA appear to have
homologues in serovar Gallinarum as detected by Southern
blotting (1, 15, 20, 42, 43), though their functional expression
has not been confirmed. In contrast, the cellular and molecular
mechanisms of both Salmonella-mediated enteritis in mam-
mals and typhoid-like disease in serovar Typhimurium-infected
mice have been studied extensively, particularly the roles of the
TTSS encoded by SPI-1 and SPI-2 (12, 18, 40).

In this study we aim to determine the role of the SPI-1 and
SPI-2 TTSS on the virulence, uptake, distribution, and pathol-
ogy of serovar Gallinarum infections in the chicken, through
experimental infections with functional knockout mutations in
either the SPI-1 TTSS (spaS) or the SPI-2 TTSS (ssaU). Here
we report that a functional SPI-1 TTSS is not required for
serovar Gallinarum to cause fowl typhoid. The SPI-2 TTSS is
required for development of fowl typhoid, primarily at the
level of macrophage interaction.

MATERIALS AND METHODS

Bacterial strains. A spontaneous nalidixic acid-resistant (Nalr) mutant of
serovar Gallinarum 9 (35) was used as the parent strain. This strain has been well
characterized for virulence in poultry (2, 5). The mutation in spaS was made by
conjugation of suicide plasmid pSS1 (20) into the serovar Gallinarum 9 Nalr

mutant. The integration of the plasmid pSS1 into the serovar Gallinarum 9
chromosome by a single recombination event resulted in an insertion mutant that
we called the serovar Gallinarum spaS mutant. The ssaU mutant was made as
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follows. An internal DNA fragment of ssaU was amplified by PCR with primers
SU1 (59-ATA TTT ATC TAG TCG ACT GGT TTC CAT C-39) and SU2
(59-CGT CAA GCA GAG CTC TAT ACG CTA TTA C-39), which were de-
signed from the known sequence of the serovar Typhimurium ssaU (16). The
amplified fragment was digested with SalI and SstI and cloned into the suicide
vector pDM4. The resulting plasmid, pSS2, was conjugated into the serovar
Gallinarum 9 Nalr mutant. The integration of the suicide plasmid pSS2 into the
chromosome by a single recombination event resulted in an insertion mutant that
we called the serovar Gallinarum ssaU mutant.

All strains were grown from stocks maintained at 270°C in Luria-Bertani (LB)
broth supplemented with 30% (vol/vol) glycerol. Bacteria were cultured for 18 h
in LB broth at 37°C in an orbital shaking incubator at 150 rpm.

Host cell invasion. The invasiveness of the mutants into nonphagocytic host
cells was determined using primary chick kidney cells (CKC) as previously
described (3, 21). CKC were seeded to 106 cells/ml, and bacteria were added at
a multiplicity of infection (MOI) of 10. Differences in invasiveness were assessed
by variance analysis using the Minitab for Windows statistical package (Minitab
Ltd., Coventry, West Midlands, United Kingdom).

Persistence in macrophages. The persistence of the strains in macrophages
was determined by a gentamicin protection assay using the HD11 chicken mac-
rophage-like cell line (7). Cells were seeded at 4 3 105/ml and grown at 41°C in
5% CO2 and RPMI 1640 medium (Life Technologies, Paisley, United Kingdom)
containing 20 mM L-glutamine (Life Technologies), 2.5% fetal bovine serum,
2.5% chicken serum, 10% tryptose phosphate broth, and penicillin and strepto-
mycin (each at 10 U/ml). Cells were grown for 48 h and then adjusted in
antibiotic-free medium to give a final concentration of 106/ml.

Serovar Gallinarum 9 and the serovar Gallinarum spaS and ssaU mutants were
grown to late log phase in LB broth and added separately to the HD11 cells at
an MOI of 10. The bacteria were incubated with cells for 1 h, and then the
medium was replaced with RPMI 1640 containing gentamicin sulfate (100 mg/ml)
and incubated for 1 h to kill extracellular bacteria. The cells were then washed
three times with antibiotic-free medium. The initial count of bacterial invasion
and/or uptake (1-h survival) was made by lysing cells with 0.1% Triton X-100 in
phosphate-buffered saline and then plating the lysate onto LB agar. To deter-
mine the persistence of Salmonella bacteria, cells were maintained in medium
containing gentamicin sulfate (20 mg/ml) to inhibit growth and reinvasion of any
bacteria released by lysed macrophages. At 4 and 24 h postinvasion the mono-
layer was washed three times in phosphate buffer and the cells were lysed in 100
ml of a 0.1% Triton X-100 solution. Viable counts of the released bacteria were
determined and are represented as CFU per milliliter (3). The viability of
macrophages was determined at each time point by measuring the release of
lactate dehydrogenase using the Cytox 96 nonradioactive cytotoxicity assay (Pro-
mega UK, Southampton, United Kingdom).

Experimental animals. Three-week-old specific-pathogen-free Rhode Island
Red chickens were obtained from the Poultry Production Unit, Institute for
Animal Health, Compton, United Kingdom. Birds were maintained in wire cages
at an ambient temperature of 20°C. Birds were watered and fed ad libitum on a
vegetable protein-based diet (Special Diet Services, Manea, Cambridgeshire,
United Kingdom).

Determination of virulence. Three groups of 10 chickens were infected orally
with 108 CFU of serovar Gallinarum 9, serovar Gallinarum spaS mutant, or
serovar Gallinarum ssaU mutant in a volume of 0.1 ml of LB broth. Animals were
observed regularly over 4 weeks following infection. Birds that became sick from
typhoid were killed humanely, once they reached specific end points based on
signs of anorexia, failure to drink, ruffled feathers, or lethargy.

Bacterial distribution and pathogenesis experiments. (i) Oral inoculation.
Three groups of 20 chickens were infected as described above. Five birds from
each group were killed for postmortem analysis at 1, 3, 7, and 14 days following
infection. At postmortem, liver, spleen and ileal tissue, heart blood, and cecal
contents were removed aseptically and bacteriological analysis was performed as
previously described (4). Samples were plated onto brilliant green agar (Oxoid,
Unipath, Basingstoke, Hampshire, United Kingdom) containing sodium nalidix-
ate (20 mg/ml) and novobiocin (1 mg/ml) (both from Sigma Chemical Co., Poole,
Dorset, United Kingdom) and then incubated at 37°C for 18 h. All bacteria were
assessed for maintenance of their insertion mutations, and these were found to
be stable. At postmortem, differences in gross pathology were noted, and spleen,
liver, ileal, and cecal tonsil tissue were removed and placed in 10% formalin,
embedded in paraffin wax, cut, and stained with hematoxylin and eosin for
histological examination.

(ii) Intravenous inoculation. Three groups of 20 chickens were inoculated
intravenously via the wing vein with 104 CFU of serovar Gallinarum 9, serovar
Gallinarum spaS mutant, and serovar Gallinarum ssaU mutant in a volume of 0.1
ml of LB broth. Birds were taken for postmortem analysis at 4 h and at 1, 3, and
5 days postinfection. Spleen and liver tissue and cecal contents were taken for
bacteriological analysis as described above, and any gross pathology seen at
postmortem was noted.

RESULTS

Cell invasion. All strains were invasive into CKC (Fig. 1).
Both the parent strain and ssaU mutant showed a similar de-
gree of invasiveness. In contrast, the spaS mutant was signifi-
cantly less invasive than the other strains (P , 0.05).

Persistence in macrophages. All three strains were internal-
ized by macrophages. However, by 4 h postinfection the sero-
var Gallinarum ssaU mutant was eliminated while the parent
strain and spaS mutant both persisted for 24 h following infec-
tion (Fig. 2). Similar levels of cell lysis occurred with the parent
strain (52% lysis at 4 h) and the ssaU mutant strain (50% lysis
at 4 h). The spaS mutant was slightly less lytic, with 40% lysis
found after 4 h. This indicates that the differences in persis-

FIG. 1. Invasion of Salmonella serovar Gallinarum 9 (SG9) and
SPI-1 (spaS) and SPI-2 (ssaU) mutant strains into primary CKC with
1 h of contact time at an MOI of 10. The values shown (mean plus
standard error of the mean [error bar]) are based on three separate
independent experiments.

FIG. 2. Uptake and persistence of Salmonella serovar Gallinarum 9
(SG9) and SPI-1 (spaS) and SPI-2 (ssaU) mutant strains in the HD11
chicken macrophage-like cell line, determined by gentamicin protec-
tion assay. Bacteria were added at an MOI of 10. The results shown are
mean (plus standard error of the mean [error bar]) values based on
three independent experiments.
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tence of the ssaU mutant strain are not due to increased ability
to cause macrophage lysis but are related to the ability to
survive within host macrophages.

Virulence. Six out of ten birds died or were killed because of
severe fowl typhoid in both the serovar Gallinarum 9 and
serovar Gallinarum spaS mutant orally infected groups, a final
mortality of 60%. However, the death rates were different in
the two groups, with mortalities of 50 and 30% of birds in-
fected with the parent strain and spaS mutant, respectively,
requiring culling by 13 days postinfection. At the termination
of the experiment, 3 weeks postinfection, the remaining birds
in these groups showed lesions typical of fowl typhoid on post-
mortem examination and Salmonella could be recovered from
the livers of all birds. In contrast no mortality or morbidity
occurred in the group infected with the serovar Gallinarum
ssaU mutant. At the termination of the experiment none of the
birds in this group showed signs of illness and no salmonellae
were recovered from their livers.

Bacterial distribution and pathogenesis. (i) Experiment 1.
From 8 days post-oral infection birds infected with serovar
Gallinarum 9 and the serovar Gallinarum spaS mutant began
to demonstrate signs of fowl typhoid. At postmortem exami-
nation at 1 and 3 days following infection, no indications of
fowl typhoid were seen. At 7 days following infection pro-
nounced splenomegaly was found at postmortem examination
of birds infected with serovar Gallinarum 9 and the serovar
Gallinarum spaS mutant. At postmortem examination at 14
days postinfection these groups displayed classical signs of
gross fowl typhoid pathology, including hepatosplenomegaly,
necrotic lesions, liver and spleen lesions, bronzed livers, and
hemorrhaging in the ileum. Histological examination of the
liver and spleen revealed lesions showing marked infiltration of
heterophils (avian polymorphonuclear cells), lymphocytes, and
macrophages typical of fowl typhoid (data not presented) (34).
In contrast the serovar Gallinarum ssaU mutant showed no
indications of causing disease throughout the experiment or at
postmortem examination. No gross pathology or histopatho-
logical changes were found in this group.

Serovar Gallinarum 9 and the serovar Gallinarum spaS mu-
tant could be detected in the spleen, liver, and ileum from 3
days postinfection onwards and in cecal contents from the first

day postinfection (Table 1). However, viable counts of the spaS
mutant in the liver and spleen were lower than those of the
parent at day 3. In contrast the serovar Gallinarum ssaU mu-
tant could not be recovered from any of the tissues, even
following enrichment with selenite broth, though it was recov-
ered from the cecal contents at 1 day postinfection. From 7
days postinfection serovar Gallinarum 9 and the serovar Galli-
narum spaS mutant were also detected in heart blood, indicat-
ing systemic bacteremia. Interestingly, of the three strains stud-
ied the spaS mutant was isolated in the highest numbers from
the ileal and cecal contents early in infection, suggesting that it
was not taken up from the gut as rapidly.

(ii) Experiment 2. Birds infected intravenously with both
serovar Gallinarum 9 and the serovar Gallinarum spaS mutant
showed signs of systemic salmonellosis at 4 days following in-
fection. At postmortem examination 3 days following infection,
the serovar Gallinarum 9-infected birds showed splenomegaly.
At postmortem examination 5 days following infection, pro-
nounced hepatosplenomegaly, spleen and liver lesions, gut
hemorrhaging, and watery gut contents were observed. No
signs of disease were found in birds infected with the sero-
var Gallinarum ssaU mutant. Bacteria could be found in the
spleens of birds from all three groups 4 h after intravenous
inoculation (Table 2). However, by 24 h postinfection, the
serovar Gallinarum ssaU mutant had been cleared. In contrast
the numbers of both serovar Gallinarum 9 and the serovar
Gallinarum spaS mutant in the spleen and liver of infected
groups rose from 1 day postinfection, with bacteria subse-
quently found in the cecal contents and heart blood of these
groups at 5 days postinfection (Table 2).

DISCUSSION

The data presented here indicate that the SPI-2-encoded
TTSS is required for serovar Gallinarum to produce systemic
fowl typhoid in chickens but that the SPI-1-encoded TTSS is
not essential.

Murray and Lee (25) have previously shown that deletion of
SPI-1 does not affect the ability of serovar Typhimurium to
pass the epithelial barrier in a mouse model. However, the
study used a mutant of hilA, which has previously been shown

TABLE 1. Distribution in tissue of Salmonella serovar Gallinarum (SG9) and spaS and ssaU mutant strains following oral infectiona

Tissue SG9 strain
Mean log10 CFU/g of tissue at day postinfection (SEM)

1 3 7 14

Spleen Parent ,1 4.05 (0.07) 4.5 (0.15) 4.23 (0.09)
spaS mutant ,1 3.35 (0.13) 4.59 (0.29) 4.24 (0.29)
ssaU mutant ,1 ,1 ,1 ,1

Liver Parent ,1 4.13 (0.11) 4.33 (0.09) 4.23 (0.09)
spaS mutant ,1 3.36 (0.13) 4.59 (0.22) 4.38 (0.45)
ssaU mutant ,1 ,1 ,1 ,1

Cecal content Parent 2.90 (0.11) 1.51 (0.94) 2.66 (0.67) 4.51 (0.37)
spaS mutant 3.51 (0.28) 0.40 (0.40) 3.59 (0.52) 5.18 (0.40)
ssaU mutant 1.55 (0.95) ,1 ,1 ,1

Ileum Parent ,1 0.65 (0.40) 3.85 (0.14) 4.24 (0.04)
spaS mutant 1.24 (0.77) 0.40 (0.40) 3.35 (0.97) 4.82 (0.37)
ssaU mutant ,1 ,1 ,1 ,1

a Oral infection with 108 CFU in 3-week-old Rhode Island chickens. Viable counts are mean values from five animals at each time point.
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to differentially regulate type III secreted proteins (13), and a
complete deletion of SPI-1. In particular the complete deletion
of SPI-1 means a distinction is not made between the function
of the TTSS and other genes on the island. Although they do
use a well-defined mutation in invG, it has been previously
noted that mutations in invG could have different effects de-
pendent on the mutation used (30). In this study we used
specific mutations in genes encoding the structural compo-
nents of the SPI-1 TTSS and the SPI-2 TTSS; spaS and ssaU,
respectively. SpaS and SsaU are major structural components
of the TTSS apparatus, and disruption of the genes coding for
these components destroys the function of the respective TTSS
to translocate effector proteins (20, 42). Although there may be
pleiotropic effects associated with these mutations, they should
be restricted to defects in the ability of Salmonella to translo-
cate effector proteins. Our results confirm that the SPI-1 trans-
locational machinery is required for maximal in vitro invasion
of nonphagocytic CKC, but it is not required for serovar Galli-
narum to cause systemic disease.

Infection with the serovar Gallinarum ssaU mutant caused
no mortality in 3-week-old chickens; it was cleared rapidly
from the spleen and liver following oral or intravenous infec-
tion. The SPI-2 mutant also failed to cause any pathological
changes and showed poor survival in chicken macrophages.
This is in contrast to the serovar Gallinarum spaS mutant,
which was fully virulent when compared with the parental
serovar Gallinarum 9, albeit with a slight delay in appearance
of morbidity and mortality. Serovar Gallinarum spaS was re-
covered from organs at similar levels as the parent strain,
produced the typical pathological changes associated with fowl
typhoid and persisted well in chicken macrophages. However,
in in vitro assays of invasion into nonphagocytic cells, the spaS
mutant is significantly less invasive than either the parent strain
or the ssaU mutant. This phenotype correlates to the previ-
ously described role of SPI-1-mediated entry of nonphagocytic
cells (14). A functional SPI-1 system is therefore not required
by serovar Gallinarum to produce fowl typhoid. This is in
agreement with some of the observations of Murray and Lee
(25) for the role of SPI-1 in serovar Typhimurium in murine
typhoid-like disease. We have previously shown that serovar
Gallinarum appears to preferentially invade the cecal tonsil
and Peyer’s patch during the early stages of fowl typhoid (6,
23). This apparent tropism for lymphoid tissue is also displayed
by serovar Typhimurium in infection of mice (24). It appears

therefore that serovar Gallinarum may gain entry primarily
through gut-associated lymphoid tissue rather than nonphago-
cytic cells. Reports on experiments using ligated loops of mice
have debated the role of M cells in the murine disease, indi-
cating that the preparation of cultures prior to inoculation can
have a marked effect on results (10, 11, 27); however, inocu-
lation in this study has been carried out by the oral route, and
hence the gene regulation might be thought of as equivalent to
that of a natural infection. We intend to investigate the role of
SPI-1 and SPI-2 in entry of lymphoid tissue. Although the
SPI-1 TTSS of serovar Gallinarum is not essential to the pro-
duction of systemic disease, it may play a role in pathogenesis.
The data suggest that the kinetics of disease progression might
be slower in the spaS strain, as the bacteria appeared in higher
numbers in ileum and cecal contents earlier in infection than
did the parent strain and viable counts recovered from the
spleen at 3 days post-oral infection were also lower (Table 1).
Further detailed experiments, particularly of the early stages of
infection, would be needed to confirm this apparent effect.
Interestingly, while mutations in invH in Salmonella serovar
Typhimurium UK1 have little effect on systemic spread in
chickens (29), Salmonella serovar Typhimurium invH mutants
show a greatly reduced colonization of systemic sites during
calf enteritis. These results suggest that there is a distinction
within SPI-1 for mediation of enteritis and typhoid-like disease
(41).

Loss of function of the SPI-2 TTSS in serovar Gallinarum
led to attenuation in vivo. Similar loss of SPI-2 function in
serovar Typhimurium leads to attenuation of typhoid-like dis-
ease in mice and gastroenteritis in cattle (8, 9, 17, 32, 36). As
with serovar Typhimurium (9), experimental oral infection
with serovar Gallinarum SPI-2 mutants did not lead to uptake
to the spleen and liver, though colonization of the Peyer’s
patches by serovar Typhimurium was seen in mice (9). Mutants
of sseD, a SPI-2 dependent effector protein in serovar Dublin
were fully invasive but were attenuated for systemic disease in
calves (8, 22). Uptake of the serovar Gallinarum ssaU mutant
to the spleen could be demonstrated after infection of chickens
by the intravenous route, as also occurs with serovar Typhi-
murium SPI-2 mutants following intraperitoneal administra-
tion to mice (33). This suggests that to cause systemic disease
in their respective hosts, Salmonella serovars Gallinarum, Ty-
phimurium, and Dublin require the SPI-2 TTSS during trans-
location of bacteria from the gut-associated lymphoid tissue to

TABLE 2. Distribution in tissue of Salmonella serovar Gallinarum (SG9) and spaS and ssaU mutant strains following intravenous infectiona

Tissue SG9 strain
Mean log10 CFU/g of tissue at day post infection (SEM)

1 3 7 14

Spleen Parent 1.00 (0.63) 2.58 (0.19) 4.40 (0.23) 4.54 (0.10)
spaS mutant 1.30 (0.81) 2.32 (0.20) 3.98 (0.19) 4.75 (0.26)
ssaU mutant 1.30 (0.53) ,1 ,1 ,1

Liver Parent ,1 1.81 (0.48) 4.27 (0.28) 4.68 (0.24)
spaS mutant ,1 1.76 (0.45) 4.16 (0.28) 4.56 (0.18)
ssaU mutant ,1 ,1 ,1 ,1

Cecal content Parent ,1 ,1 ,1 2.64 (0.0.24)
spaS mutant ,1 ,1 ,1 1.74 (0.72)
ssaU mutant ,1 ,1 ,1 ,1

a Intravenous infection with 104 CFU in 3-week-old Rhode Island chickens. Viable counts are mean values from five animals at each time point.
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the spleen, suggesting a role of macrophage-like cells in this
translocation process. However, the main function of the SPI-2
is likely to be in the replication and survival of Salmonella
within macrophages. The SPI-2 system is required by serovar
Gallinarum to promote survival within the HD11 macrophage-
like cell line in vitro. SPI-2 TTSS is required by serovar Typhi-
murium for survival and replication in RAW 267.4 murine
macrophage-like cells (17). As yet we have been unable to
demonstrate proliferation of any Salmonella serovar in avian
macrophages in vitro (unpublished observations).

The mechanisms by which SPI-2 acts to promote survival
within macrophages are beginning to be elucidated. SPI-2 in-
terferes with intracellular trafficking and is involved in the
inhibition of phagosolysosome maturation in macrophages
containing Salmonella (37). SPI-2 function is also required by
intracellular Salmonella to avoid killing by reactive oxygen
intermediates (ROI) (38). This appears to be achieved through
excluding NADPH phagocyte oxidase (Phox) from vacuoles
containing Salmonella. Killing by ROI has been shown to be
important in serovar Typhimurium host resistance in the
mouse; mice deficient in gp91phox oxidase activity succumb
rapidly to salmonellosis (39). Evidence for the importance of
ROI-mediated killing of Salmonella in chickens has been
found in inbred lines of chickens genetically resistant to sys-
temic salmonellosis. Macrophages from Salmonella-resistant
lines of birds that possess the SAL1 resistant haplotype show
increased killing of serovar Gallinarum and an increased ROI
but not nitric oxide production in vitro, indicating that ROI-
mediated killing may be important in host resistance to sys-
temic infection (P. Wigley, S. D. Hulme, N. Bumstead, and
P. A. Barrow, unpublished results).

In this work we have shown the importance of the SPI-2
TTSS in a naturally occurring form of systemic, typhoid-like
salmonellosis that has considerable economic and veterinary
importance worldwide. We also confirm that SPI-1 is not es-
sential for cell invasion and the production of systemic fowl
typhoid, though it may play a role in early stages of infection.
In contrast SPI-2 TTSS function is absolutely necessary for
serovar Gallinarum to cause disease by enabling the bacteria to
survive within macrophages and multiply within the reticuloen-
dothelial system. Additionally the SPI-2 system may be in-
volved in translocation from the gut to the liver and spleen,
suggesting that this mechanism involves survival and transport
within phagocytes.
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