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The Establishment of BALB/c Mouse Model Infected
by Salmonella Typhimurium CVCC541

Xuegin Zhao, Hanna Fotina, Lei Wang, Jianhe Hu

Abstract— The infection of Salmonella is the main cause for
gastrointestinal diseases worldwide. There are about 20 to 40
million cases with gastroenteritis caused by Salmonella infection
across the world every year. In our study, we set up the Chinese
Salmonella typhimurium CVCC541 infected mouse model by
intraperitoneal injection with different amount of bacteria
respectively. The results suggested the severity of clinical
symptoms in mice was positively correlated with the dosage and
duration of infection. Mice infected by S. typhimurium
CVCC541 behaved loose coat and hunched back, sluggish,
anorexic, and tendency to gather together. The necropsy results
showed the severity of pathological changes was also positively
correlated with the dosage of infection. The major lesion
occurred in the intestine. Severe hemorrhage in the intestinal
tract, especially in jejunum and ileum. Meanwhile, we found the
amount of neutrophils increased, and the amounts of
macrophages and T lymphocytes decreased significantly in the
spleen of mice infected with S. typhimurium CVCC541. We first
reported the clinical symptoms and pathological damages of
mice caused by the infection of S. typhimurium CVCC541 at
various concentrations in detail, which would provide the
reference for studies of the molecular mechanism of Salmonella
infection and drug resistance.

Index Terms— Salmonella typhimurium, mouse model,
pathological damage, intraperitoneal injection.

. INTRODUCTION

Salmonella is a gram-negative bacterium, and it is one of the
major pathogens to cause gastrointestinal diseases worldwide
[1], [2]. Every year, there are about 20 to 40 million cases of
gastroenteritis caused by the infection of Salmonella, and the
associated economic loss is more than 2 billion US dollars,
which brings serious threat to the world public health [3].
There are two Salmonella serotypes, typhimurium and
paratyphoid [4], [5]. In clinic, the major serotype is
typhimurium, which can due to the ingestion of contaminated
food, insanitary condition of environment, antibiotic abuse
etc [6], [7]. The epidemic and infection of S. typhimurium
have caused huge losses to the world economic development.
Recently, it has become the hot spot of public concern and
scientific study. The establishment of mouse model infected
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by S. typhimurium would be an effective approach to study
the pathogenesis and drug resistance of this bacterium [8].

S. typhimurium causes self-limiting gastroenteritis in human.
The mice have the similar symptoms as human after infected
by S. typhimurium. Therefore, the study of mice infected by S.
typhimurium may provide therapeutic strategies to the
treatment of human infected by S. typhimurium [9].
Moreover, the mouse model could be applied for the new
drug development and the improvement of treatment
efficacy. BALB/c mouse is one of ideal mouse strain to study
the pathogenesis of diseases. The mutation and deletion of
Nrampl gene cause mice to be susceptible to many diseases
[10]. Preeti Kalia et al. reported that BALB/c mice infected
by S. typhimurium MTCC98 manifested high temperature,
loose coat, sleepiness, and other typical typhoid symptoms;
therefore, this mouse model was used for the study of the
efficacy of combined treatment of Propolis and Cefixime
[11].

In our study, the BALB/c mice were used. The mouse
infection model was established through intraperitoneally
injecting S.  typhimurium CVCC541 at various
concentrations. The pathogenesis and pathological damages
to the mice were assessed in detail. The results of our study
could provide information for the establishment of mouse
models infected by other bacteria, and provide the reference
to further study the infection of Salmonella and molecular
mechanism of drug resistance.

Il. MATERIALS AND METHODS
A. Laboratory animals

Female BALB/c mice (6 to 8 weeks old, body weight of 18 to
20 g) were purchased from the Animal Center of Zhengzhou
University (NO. 41003100003648). All animal studies were
conducted according to the experimental practices and
standards of the Animal Welfare and Research Ethics
Committee at Zhengzhou University. The study was
approved by the Animal Centre of Zhengzhou University.

B. Bacterial culture

S. typhimurium (CVCC541, purchased from China
Veterinary Drug Control Agency) were cultured in LB
medium at 37 °C . When bacteria were growing in the
exponential stage, they were collected after centrifuged at
8000 rpm/min [12]. The bacteria solution was diluted to
1x10" CFU/mL, 1x10° CFU/mL, 1x10° CFU/mL, and 1x10*
CFU/mL respectively with PBS for the further mice infection
experiment.
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C. The establishment of mouse model

Intraperitoneal injection was used for the infection of mice.
Mice were divided into 5 groups randomly, 10 mice in each
group. The infection dosages were 1x10’ CFU/mouse, 1x10°
CFU/mouse, 1x10° CFU/mouse, 1x10* CFU/mouse,
respectively. The mice in the control group were injected with
the same volume of PBS [13].

D. The observation of clinical symptoms and survival rate

The criteria of symptoms score was set up, and the clinical
symptoms of mice infected by bacteria were graded. The
score criteria were sluggishness (1 point), anorexia (1 point),
loose coat (1 point), rapid heart rate (1 point), tendency to
gather together (1 point), hunched back (1 point) and etc.
Scores could be superposed. The severer the symptoms, the
higher the scores. The time of death and the number of mice
were recorded as well [14].

E. The organ colony colonization

The liver, spleen and lung from infected mice were removed
and grinded under sterilized condition. The equal proportion
volume of PBS to the organ weight was added to the grinded
tissues. The dilution gradients were 10, 10, 10%, 10* and
10°. The 200 pL organ solution was used for the cell
counting.

F. The observation of organ lesions

The necropsy of dead mice was performed, and the
pathological changes of mice organs were observed. The
mice organs were fixed with 4% paraformaldehyde,
embedded in paraffin, cut to the slices. HE staining was
performed, and the microscopic pathological changes were
observed [15], [16].

G. The determination of lymphocytes ratios

The ratio of spleen lymphocytes from mice one week after
infection was determined by flow cytometry. After spleen is
grinded, spleen lymphocytes were filtered through 200 mesh
nylon net. The cell suspension was collected, red cell lysing
reagents were added and mixed thoroughly with suspension.
Lymphocytes were washed and collected [17]. The antibodies
of FITC-anti-Ly6G, FITC-anti-CD3, and FITC-anti-F4/80
were incubated with lymphocytes for 45 min at room
temperature away from light. After the incubation,
lymphocytes suspension was centrifuged for 5 min at 1000
rpm/min. the supernatant was discarded, and the pellet was
washed twice with PBS. Finally, 500uL PBS was added into
the lymphocytes pellets, and samples were examined with
flow cytometer within 1 h [18].

. RESULT

A. Clinical symptoms and survival rate of mice infected
with S. typhimurium CVCC541

After mice were infected with S. typhimurium CVCC541, a
variety of symptoms were observed. Mice injected
intraperitoneally with bacteria at the concentration of 1x10’
CFU/mouse S. typhimurium CVCC541 manifested the most
severe symptoms. On the first day after injection, the mice
have already manifested symptoms such as anorexia, rapid
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heart rate, body trembling, loose coat, and hunched back. On
the fourth day, symptoms of mice were the most severe, and
all mice died (Fig. 1a). Mice infected by bacteria at the
concentration of 1x10° CFU/mouse S. typhimurium
CVCC541 manifested the clinical symptoms such as
anorexia, and symptoms became worse over time. On the
seventh day, the mortality rate of mice was 100%, the
minimum lethal dose of CVCC541 to mice was 1x10°
CFU/mouse. Mice infected with bacteria at the concentration
of 1x10° CFU/mouse S. typhimurium CVCC541 manifested
moderate symptoms such as anorexia, tendency to gather
together. On the fifth day, symptoms started to improve, and
the survival rate of mice was 80% by day 7. Meanwhile, mice
infected with bacteria with the lowest concentration of 1x10*
CFU/mouse S. typhimurium CVCC541 had mildest
symptoms and there was no significant difference on the
score of clinical symptoms, compared with the mice in the
control group. Moreover, the survival rate of mice in this
group was 100% (Fig. 1b). Mice in the negative control group
did not show any adverse reaction.
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Fig.1: Clinical symptoms and survival rate of mice infected
with S. typhimurium CVCC541.

(a) Clinical symptoms of mice infected with S. typhimurium
CVCC541 at various concentrations;

(b) The survival difference of mice infected with S.
typhimurium CVCC541 at various concentrations.

B. The weight, bacteria content and pathological changes in
mice organ

Mice infected by bacteria at the concentration of 1x10’
CFU/mouse S. typhimurium CVCC541 manifested very
severe pulmonary congestion and hemorrhage. The liver in
the mice infected by bacteria at the concentration of
1x10’CFU/mouse was congested with dark red color without
swelling. There was no obvious pathological and weight
changes in different groups (p>0.05, Fig. 2a and 3c). The
spleen in the mice infected by bacteria at the concentration of
1x10° CFU/mouse was swelling significantly by eyeballing,
and the proportion and weight were increased by
approximately one fold (p <0.05, Fig. 2b). The mice spleen
in other groups did not show obvious pathological changes
(Fig. 3d). The accompanying pathological changes were
pulmonary swelling and obviously increased weight of the
lung (p <0.05, Fig. 3c). Pathological changes in the lung of
mice infected by bacteria at the concentration of 1x10°
CFU/mouse and less were much milder, which indicated that
low dose of S. typhimurium CVCC541 caused less
pathological damages to the lung (Fig. 3b). The results on the
amounts of colony colonized in organs of mice indicated that
there were more bacteria colonized in spleen, and there was
close correlation between the bacteria colony number and
bacteria number infected (Fig. 2d).
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The results from the necropsy indicated that the intestine in
mice infected by the bacteria at the high concentration of
1x10” CFU/mouse S. typhimurium CVCC541 was congested,
hemorrhagic, becoming thinning, and easy to rupture. The
jejunums of dead mice at 48hr, 60hr, and 96hr after infection
manifested very severe congestion (Fig. 3a). The results from
the necropsy showed that the mice infected by the bacteria in
the moderate concentration of 1x10° CFU/mouse S.
typhimurium CVCC541 had congestion in the intestinal tract,
thinner bowel wall, and full yellow sticky fluid in the
intestinal cavity. The time point when mice had most severe
pathological changes was at the 120™ h after infection. After
that time point, the pathological changes of intestine
improved (Fig. 3a). The necropsy results showed that the
mice infected by the bacteria at the low concentration of
1x10° CFU/mouse S. typhimurium CVCC541 did not
manifest any obvious pathological changes within 6 days
after infection. From the 7" day, the intestine was congested
and there were severe effusion in the peritoneal cavity. There
was no pathological change found in the cecum and rectum.
Intestinal pathological changes in mice infected by the
bacteria at the very low concentration of 1x10* CFU/mouse S.
typhimurium CVCC541 were very mild (Fig. 3a). The
intestine of mice in the negative control group was normal, no
pathological changes were detected, and the bowel walls were
thick and elastic (Fig. 3a).
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Fig. 2: The organ weights and bacteria content in mice
infected with S. typhimurium CVCC541.

(a-c) The weight of liver, spleen and lung in mice infected
with S. typhimurium CVCC541;

(d) The bacteria content in the liver, spleen and lung in mice
infected with S. typhimurium CVCC541.
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Fig. 3: Pathological changes of organs in mice infected with
S. typhimurium CVCC541.

(a-d) Pathological changes of the digestive tract, lung, liver
and spleen in mice.

C. CVCC541 could cause necrotic enteritis in mice

The pathological observation of intestines in mice infected by
bacteria at various concentrations showed the absence of villi
as well as the rupture of villi into the intestinal cavity, and
Catarrhal enteritis have arisen in the jejunum of the mice
infected by bacteria at the concentration of 1x10” CFU/mouse
S. typhimurium CVVCC541. The epithelial cells in the jejunum
were degenerated, necrotic, dropped. The lamina propria of
the jejunum was congested and infiltrated by a great amount
of neutrophils. The vessels were dilated and congested, and
cellulose exuded in a mass. The cellulose exuded and necrotic
mass condensed together to form a solid film, which was
difficult to be peeled off. All these were the typical
pathological changes of necrotic and fibrinous necrotizing
enterocolitis (Fig. 4). Mice infected by bacteria at the
concentration of 1x10° CFU/mouse S. typhimurium
CVCC541 demonstrated similar phenomena, but the
pathological changes were not severe (Fig. 4). In the mice
infected by bacteria at the concentration of 1x10° CFU/mouse
and 1x10* CFU/mouse, fewer absence of villi and
inflammatory cells infiltration were observed, which
indicated that the effect of bacteria with lower concentration
on mice jejunum was mild (Fig. 4). The degree of
pathological changes in the ileum (Fig. 5), colon (Fig. 6) and
rectum (Fig. 7) was correlated with the infection dosage of
bacteria. Mice in the negative control group did not have any
pathological changes in the digestive tract.
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Fig. 4: The representative images of H-E staining showing the

pathological changes of the jejunum in mice infected with S.
typhimurium CVCC541.
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Fig. 5: The representative images of H-E staining showing the
pathological changes of ileum in mice infected with
CVCCh41.
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Fig. 6: The representative images of H-E staining showing the
pathological changes of colon in mice infected with
CVCC5h41.
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Fig. 7: The representative images of H-E staining showing the
pathological changes of rectum in mice infected with
CVCC541.

D. High concentration of S. typhimurium CVCC541 causes
interstitial pneumonia in mice

The lung of mice infected by S. typhimurium CVCC541 was
damaged to various degrees, and the injury was positively
correlated with the dosage of S. typhimurium CVCC541.
Acute interstitial pneumonia appeared in mice infected with
S. typhimurium CVCC541 at the concentration of 1x10’
CFU/mouse. The alveolar septa of mice became thickened
because of congestion, edema and the infiltration of
inflammatory cells. Alveoli collapsed, shrank, and
disappeared. The neutrophils infiltrated (Fig. 8). The
pathological changes of interstitial pneumonia also appeared
in mice infected with S. typhimurium CVCC541 at the
concentration of 1x10° CFU/mouse (Fig. 8). The pathological
changes in mice infected with CVCC541 at the concentration
of 1x10° CFU/mouse and 1x10* CFU/mouse were mild. Less
local congestion in lung and less infiltration of red cells and
inflammatory cells were noticed (Fig. 8). The pulmonary
structure of mice in the negative control group was normal
(Fig. 8).
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Fig.8 Representative images of H-E staining showing the
pathological changes of the lung in mice infected with S.
typhimurium CVCC541.

E. The dose dependent pathological changes in the spleen and
liver in mice infected with S. typhimurium CVCC541
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In the spleen of mice infected with S. typhimurium CVCC541
at the concentration of 1x10’ CFU/mouse and 1x10°
CFU/mouse, the symptoms of hemorrhagic splenomegaly were
observed. Pathological changes included congestion, local
necrosis, small splenic corpuscle, and infiltration of lots of
neutrophils in splenic sinus. There was no significant
pathological change in the spleen of mice infected with S.
typhimurium CVCC541 at the concentration of 1x10°
CFU/mouse and 1x10* CFU/mouse (Fig. 9). Severe necrotic
foci, the degeneration and necrosis of hepatocytes with acute
necrotic foci, hepatic cell disintegration, congestion, liver
stasis, hepatic sinusoid extension and infiltration of red cells
and neutrophils were observed in the liver of mice infected
with S. typhimurium CVCC541 at the concentration of 1x10’
CFU/mouse and 1x10° CFU/mouse. The pathological changes
in the liver of mice infected with S. typhimurium CVCC541 at
the concentration of 1x10° CFU/mouse and 1x10* CFU/mouse
were mild, and only scattered necrotic foci and infiltration of
fewer amounts of red cells and neutrophils were observed. The
liver structure of mice in the negative control groups was
normal (Fig. 10).
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Fig. 9 Representative images of H-E staining showing the
pathological changes of the spleen in mice infected with S.
typhimurium CVCC541.
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Fig. 10 Representative images of H-E staining showing the
pathological changes of the liver in mice infected with S.
typhimurium CVCC541.

F. S. typhimurium CVCC541 could change the ratio of
immune cells in the spleen

The ratios of T cells, neutrophils and macrophages were
examined with flow cytometer. The results showed that the
infection of S. typhimurium CVCC541 could significantly
increase the ratio of neutrophils in the spleen of mice
compared with control group (51.3% vs 7.5%). This result
was consistent with the histological pathological data, which
indicated that the infection of S. typhimurium CVCC541 in
mice could cause the inflammatory response in spleen.
However, the infection of S. typhimurium CVCC541
decreased the ratios of macrophages and T cells in the spleen
of mice to various degrees. Especially for T cells, the ratio of
T cells in spleen decreased by two folds compared with
control group (18.0% vs 42.3%). With the progress of
infection, the ratio of macrophage decreased from 34.8% to
22.5% (Fig. 11), which could be explained by the apoptosis of
macrophages induced by S. typhimurium CVCC541 [19].
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Fig. 11 The ratio changes of spleen immune cells in mice
infected with S. typhimurium CVCC541 by flow cytometry.

IV. DISCUSSION

S. typhimurium is an important anthropozoonosis, the
epidemic and infection of S. typhimurium cause huge losses
to the world economic development, and attract extensive
social concerns [7], [20]. In our study, we established the
mice infection model through infecting BALB/c mice with S.
typhimurium CVCC541. The clinical symptoms of mice,
pathological changes of organs, bacterial colonization in
organs and the ratio of spleen lymphocytes were evaluated in
detail. We found that the most infected organ was the
intestine, especially centered in the small intestine area. The
spleen and liver were rarely affected by S. typhimurium
CVCC541 infection. Furthermore, our results thoroughly
evaluated the severity of damage in mice caused by various
infection dosages, which could provide the reference model
for the study of the pathogenesis and molecular mechanism
related to the drug resistance of Salmonella.

S. typhimurium is a type of facultative intracellular parasitic
bacterium, which is very offensive to the gastrointestinal tract
[21]. It has been reported that S. typhimurium mainly attacks
the intestine after it infects mice, which could induce the
dysfunction of gastrointestinal tract and the damage of
gastrointestinal mucous membrane, were consistented with
our results [22], [23]. After infected with S. typhimurium,
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most of mice have a systemic inflammatory response and an
enlarged spleen [24]. Since S. typhimurium is a type of
facultative intracellular pathogen, it could live in the
macrophage [25], induce the apoptosis of macrophage, and
release of mature proinflammatory cytokines, which could
lead to the decrease of the macrophage ratio [26]. Moreover,
S.  typhimurium  could produce  L-asparaginase.
L-asparaginase could deplete the amount of L-asparagine,
which is an important nutrient for the activation of T cells.
Therefore, S. typhimurium could inhibit the activation of T
cells, and further decrease the ratio of T cells [27].
Neutrophils in mice spleen increased after mice were
chronically infected by S. typhimurium [28]. Neutrophils
could kill the bacteria in both oxidative and non-oxidative
manner [29]. therefore, S. typhimurium could be eliminated at
higher efficacy by the increased ratio of neutrophils.
BALB/c mouse model infected by S. typhimurium could be
used for developing new drugs. Based on the mouse model,
the effect of drug composed of human defensins phBD-1 and
phBD-2 at a ratio of 2 to 1 was examined. The results
indicated that this drug could decrease the colonization of S.
typhimurium in the liver and spleen, and prolong the survival
time of mice, which could be a potential candidate drug for
the treatment of S. typhimurium (MTCC No. SL1344) [30].
The natural extract from Pomegranate Peel have been proven
to cure the mice infected by S. typhimurium (ATCC 19943),
and increase the survival rate of mice [31]. Proline peptide
Bac7 could prolong the survival duration of mice infected by
S. typhimurium (ATCC14028) at the concentration of
30mg/kg [32]. In our study, for the first time, we successfully
established the mouse model infected by S. typhimurium
CVCC541, assessed the correlation between the symptoms of
mice and the attacking concentration of bacteria in detail, and
laid the foundation for the future study of drug resistance and
pathogenic mechanism of S. Typhimurium.
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