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Abstract
Background: Pasteurella pneumotropica is a Gram-negative 

bacterium that infects the laboratory rodents. In immunodeficient 
animals, P. pneumotropica infection develops mild to severe or 
lethal diseases. However, little is known about the transmissibility 
and pathogenesis of P. pneumotropica in immunodeficient mice. In 
this study, to assess transmissibility and its pathological conditions 
by P. pneumotropica, experimental contact infection model of 
NOD/ShiJic-scid mice was examined with clinical and pathological 
approaches.

Findings: The bacteria could infect NOD/ShiJic-scid mice 
by experimental contact, and half of the infected mice exhibited 
a decrease in body weight with subsequent death. These mice 
displayed lung abscess lesions. P. pneumotropica was isolated from 
the lower respiratory tract of these mice. 

Conclusions: This experimental contact model achieved 
to facilitate P. pneumotropica transmissibility and form similar 
pathological process same as directly infected mice. 
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Introduction
 Pasteurella pneumotropica is a gram-negative, non-

motile, short rod-shaped bacterium. Based on 16S rDNA sequence 
analysis, this species belongs to the rodent cluster, but not to 
Pasteurella sensu stricto [1]. The natural hosts of these bacteria 
are rodents, including mice, rats, hamsters, and gerbils [2-3]. 
This species colonizes the upper respiratory tract, conjunctiva, 
intestines, and reproductive tissues of animals [4]. This bacterium 
causes rodent pasteurellosis, including fatal pneumonia, sepsis 
and conjunctivitis. In immunocompetent animals, clinical 
diseases are not commonly observed. However, immunodeficient 
animals develop mild to severe or lethal diseases [5-10].

 It is important to develop an experimental infection 
model for clarification of the transmissibility and pathogenesis of 

P. pneumotropica. There have been some reports of experimental 
intranasal inoculation models of P. pneumotropica; however, 
these models might not resemble natural infection [4, 11,12]
Experimental contact infection resembles natural infection more 
so than experimental inoculation models [13,14]. There have been 
some studies on the transmission of this species; however, to our 
knowledge, experimental contact infection of P. pneumotropica 
has not been reported [15,16]. In our previous study, NOD/shiJic-
scid/Jcl mice with multiple defects in adaptive and non-adaptive 
immunological functions were intranasally infected with bacteria 
[7]. Herein, some mice displayed lung abscesses and died. The 
findings of our study showed that P. pneumotropica resided in the 
nasal cavity of all inoculated mice up to 35 days post-inoculation. 
This suggests that we achieved experimental contact infection 
with P. pneumotropica in mice.

 The purpose of the present study was to examine 
whether P. pneumotropica could be transmitted to mice by contact 
under experimental conditions and cause disease.

Materials and Methods
Animals and ethics statement 

 Four- to five-week-old female NOD/ShiJic-/scid/Jcl mice 
were obtained from CLEA, Japan, Inc., Tokyo, Japan. Mice were 
housed using sterilized spruce bedding (White Flakes, Oriental 
Yeast Co., Ltd, Tokyo, Japan) in sterilized cages (Clean S TPX cage, 
CLEA Japan, Inc, Tokyo, Japan) within a laminar airflow cabinet 
(Okazaki Sangyo Co., Ltd, Tokyo, Japan). The animals were fed 
sterilized standard chow pellets (FR-1, Funabashi Farm Co. Ltd, 
Chiba, Japan) and water was available ad libitum. The room was 
maintained at 24 ± 2 °C and 50 ± 10% relative humidity with a 12 h 
dark-light cycle. The mice tested negative for Sendai virus, mouse 
hepatitis virus, Mycoplasma pulmonis, Corynebacterium kutscheri, 
Clostridium piliforme, P. pneumotropica, Pseudomonas aeruginosa, 
Salmonella spp., and Syphacia spp. All mice were between 5 and 
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6 weeks of age when inoculated with P. pneumotropica or upon 
contact with inoculated mice. All animal experimental procedures 
were performed in accordance with institutional, science 
community, and national guidelines for animal experimentation. 
In addition, the Institutional Animal Care and Use Committee 
(IACUC) of Tokyo Medical University approved all procedures 
described here (No. 381).

Preparation of  P. pneumotropica inoculum

 P. pneumotropica strain ATCC 35149 (type Jawetz) was 
used to prepare the inoculum. The strain possessed outermost 
surface materials, which may be pili, on the bacterial cells 
and belonged to group two based on biochemical and genetic 
characteristics [17,18]. This strain produces RTX toxins PnxIA, 
IIA, and IIIA, and its draft genome sequence has been revealed 
[19,20]. The strain was thawed from frozen stocks (- 80°C) and 
grown overnight on 5% horse blood agar plates (Sanko Junyaku 
Co. Ltd, Tokyo, Japan) and checked for purity. The organism was 
cultured in brain heart infusion (BHI) broth (Eiken Chemical Co., 
Ltd, Tokyo, Japan) at 37 °C for 24 h. 

Experimental design

 Twelve NOD/ShiJic-/-scid/Jcl mice were divided into 
three treatment groups as follows. Group I mice: four mice were 
inoculated intranasally with P. pneumotropica at a dose of 107 
CFU in 25 μL BHI broth using a micropipette and two mice were 
kept in each of cage A (mice: Nos. 1 and 2) and B (mice: Nos. 3 and 
4). Group II: three scid mice were put in each of cage A (mice: Nos. 
5, 6, and 7) and B (mice: Nos. 8, 9, and 10). Group III: one mouse 
(No. 11) was sham-inoculated with BHI broth as described above 
and one mouse (No. 12) was non-treated. These mice were kept 
in cage C.

 Two mice each from group I and II were euthanized 
by cervical dislocation 35 days after inoculation or contact. One 
mouse in each from group I and II, and two mice from group III 
were euthanized in the same manner 70 days after inoculation or 
contact.

 Each mouse was weighed weekly. The mice were 
examined pathologically and bacteriologically at 35 and 70 days 
after inoculation or contact. Dead mice were processed in a 
similar manner as described above.

P. pneumotropica isolation

  At necropsy, specimens from the nasal cavity, 
conjunctiva, oral cavity, oropharynx, trachea, lungs, and heart 
blood were streaked onto horse blood agar plates and incubated 
at 37 °C for 24–48 h. Bacterial identification as P. pneumotropica 
included the following criteria: Gram-negative coccobacillus, 
positive results for glucose, ornithine decarboxylase, urease, 
nitrate reductase, indole production, catalase, oxidase, and 
β-galactosidase, and negative results for motility, H2S production, 
and citrate utilization.

Pathological examination 

 All animals were examined for histopathological 

lesions. Specimens from the trachea, lung, heart, liver, spleen, 
kidney, adrenal gland, pancreas, esophagus, stomach, duodenum, 
and small and large intestines were aseptically removed. The 
sections were fixed in 10% neutral buffered formalin, embedded 
in paraffin, and sectioned at a 5-μm thickness. Sections were 
stained with haematoxylin and eosin or Masson trichrome using 
standard procedures, and examined for microscopic lesions.

Statistical analysis

 All statistical analyses were performed with EZR 
(Saitama Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria). More precisely, it is a 
modified version of R commander designed to add statistical 
functions frequently used in biostatistics.

Results
Survival rate 

Figure 1: Comparison of the compulsive survival rate between P. 
pneumotropica-inoculated mice (n=4) and experimental contact mice 
(n=6). 

 Figure 1 presents the compulsive survival rate of P. 
pneumotropica-inoculated mice and experimental contact mice 
including euthanized mice. There was no significant differences 
between inoculation and contact infection (P = 0.502). The 
mortality of the P. pneumotropica-inoculated (group I) and 
contact-infected (group II) mice were compared. The mortality of 
group I was 25 %. One mouse that died at 29 days post-inoculation 
was observed invasion of a large amount of bacteria in lung. The 
mortality of group II was 60 %. The dead animals in both group 
showed depression, ruffled coat, and weight loss before death. 

Histopathological findings in mice

 Histopathological changes in various organs in P. 
pneumotropica-inoculated (group I) and contact-infected (group 
II) mice were examined and compared (Table 1 and Figure 2). 
Except for the lungs, lesions were not detected in any other organ 
(Table 1). 
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Table1: Histopathological findings in experimental mice

Group Number Cage

Days after 
inoculation 
or contact3

Cardio-
vascular

Respiratory

Digestive Urogenital
Hemato-
poietic Endocrine

Trachea Lung

1
2
3
4

A
A
B
B

35
35
29b

70

-
-
-
-

-
-
-
-

-
-

+c

+d

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

5
6
7
8
9

10

A
A
A
B
B
B

35
27b

35
63b

70
65b

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-

+c

+c

+c

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

11
12

C
C

70
70

-
-

-
-

-
-

-
-

-
-

-
-

-
-

Cardiovascular: heart. Digestive: esophagus-intestine, liver. Urogenital: kidney, uterus. Hematopoietic: thymus, spleen.
Endocrine: adrenal gland. 3Days after Pasteurella pneumotropica-inoculated or after contact infection.
bDead mouse. cabscesses. dsmall abscesses.

 For group I, the mouse (No. 3) that died at 29 days post inoculation 
had lung abscesses. The two mice (Nos. 1 and 2) that were 
euthanized at 35 days had no lesions, but the mouse (No. 4) that 
was euthanized at 70 days showed small abscesses. Meanwhile, 
in group II mice, lung lesions were not recognized within 35 days 
after contact regardless of natural death or euthanasia (Nos. 5, 
6, and 7). However, after 35 days, the dead (Nos. 8 and 10) and 
euthanized mice (No. 9) had abscesses in lung.

 The histopathological lesions of lung abscesses are 
shown in Figure 2. Photomicrographs of most the severe lesions 
from group I (No. 3) and group II (No. 10) mice are shown. The 
severity of abscess lesions in mouse No. 3 (group I) was greater 
than that of mouse No. 10 (group II). The left lung of mouse No. 3 
harbored many abscesses and the range of respiratory activities 
was very narrow (Figure 2A). Lung tissues were collapsed and a 
large number of inflammatory cells were observed (Figure 2B). 
Regarding mouse No. 10, the abscesses of the right lung spread 
to the right upper side (Figure 2C). In the lung tissues, a large 
amount of inflammatory cell infiltration was observed (Figure 
2D). Furthermore, many pale blue Giemsa stain-positive bacterial 
colonies were observed.

Bacterial isolation from mouse organs 

 A comparison of P. pneumotropica distribution in 
respiratory organs and blood of mice between P. pneumotropica-
inoculated (group I) and contact-infected (group II) mice is shown 
in Table 2. Regarding euthanized mice of group I (Nos. 1,2, and 4), 
P. pneumotropica was isolated from the upper respiratory organs 

Figure 2: Histopathological findings in the lungs of mice by H&E stain-
ing. A) Pasteurella pneumotropica-inoculated mice (group I, No. 3). The 
upper part indicates the left lung. Most of the left lung (upper part) was 
occupied by many abscesses, and lobe respiration function was not rec-
ognized (1×). B) The white square of A. The lung tissues were collapsed, 
and a large amount of inflammatory cell infiltration was observed 
(400×). C) Contact-infected mice (group II, No. 10). The abscesses of the 
right lung spread to the right upper side (1×). D) The white square of C. 
A large number of inflammatory cells were present. Many positive bac-
terial colonies (pale blue, based on Giemsa staining) can be seen (400×).
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(nasal cavity conjunctiva, oral cavity, and laryngopharynx), but not 
from the lower respiratory organs (trachea and lung). Regarding 
group II, bacterial isolation from euthanized mice (Nos. 5 and 7) 
at 35 days after contact was similar to that of group I; however, 

mice euthanized at 70 days carried the bacteria in their upper 
and lower respiratory organs. From mice that died naturally, 
bacteria were cultured from the upper and lower respiratory 
organs, regardless of inoculation method (group I or II).

Table 2: Isolation of P. pneumotropica in experimental mice
P. pneumotropica isolation

Group Number

Days after 
inoculation or 

contact3
Nasal
Cavity

Respiratory
Conjunctiva

Oral
Cavity

Pharyngo-
larynx Trachea Lung Blood

1
2
3
4

35
35
29c

70

+b

+
+
+

+
+
-
+

+
+
+
+

+
+
-
+

-
-
+
-

-
-

+d

-

-
-

NTe

-
5
6
7
8
9

10

35
27c

35
63c

70
65c

-
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

+
+
+
+
+
+

-
+
-
+
+
+

-
+
-
+
-
+

-
NT

-
NT
+

NT
11
12

70
70

-
-

-
-

-
-

-
-

-
-

-
-

-
-

3inoculation: after Pasteurella pneumotropica-inoculated, contact: after contact infected. b+: positive, - : negative. 
cdead mouse. dheavily contaminated with other bacteria. enot tested. 

Discussion
 Our study developed an experimental contact infection 
model for the study of pathogenesis of P. pneumotropica in 
NOD/ShiJic-scid mice. The mice demonstrated a decrease in 
body weight, lung lesions, and death, based on observations of 
clinical signs, histopathological investigations, and detection of 
P. pneumotropica. To the best of our knowledge, experimental 
contact infection of P. pneumotropica in mice has not been 
reported previously. However, investigators have reported the 
transmission of P. pneumotropica [15-16].

 The experimental contact infection of P. pneumotropica 
resembled natural infection more so than other experimental 
methods. In this study, the death rates calculated by the 
compulsive survival rates in contact infection were 60%. Those 
of intranasal inoculation were 25%. This difference could be 
based on dispersion volumes of intranasal inoculation. The death 
rates of intranasal inoculation agreed with those of our previous 
study [7]. The results reinforced the results of a previous study 
of NOD/ShiJic-scid mice inoculated with P. pneumotropica strain 
ATCC 35149, which reported death rates of 25%. These results 
indicate that mice with contact infection are thought to be more 
aggravated than artificially inoculated mice. The mechanisms 
underlying these results should be clarified in future study.

 All mice demonstrated decreases in body weight before 
natural death regardless of inoculation method (intranasal or 
contact-induced). The results showed that the major clinical 

sign of P. pneumotropica infection in NOD/ShiJic-scid mice was a 
decrease in body weight; the cause for this remains unknown.

 Intranasal inoculation of P. pneumotropica resulted in 
lung abscess lesions. This result is in agreement with that of our 
previous study [7]. Similarly, upon contact infection, the lesions 
were similar to those of intranasal inoculation. Lesions were not 
found in any organ tested (except for lung). These results suggest 
that the bacteria may exhibit tropism to the lung. In this contact-
infection model, respiratory failure due to lung abscesses may be 
the cause of death. Regardless of intranasal inoculation or contact 
infection, all mice that died from infection had lung abscesses 
except for one mouse. The degree of lung abscess lesions upon 
nasal inoculation was greater than that of contact infection, but 
the frequency of lesion occurrence was numerically higher in the 
contact infection mice compared to that of the nasal inoculation 
group.

 All mice, which died naturally and exhibited body 
weight loss and lung abscess lesions, carried P. pneumotropica 
in their lower respiratory tract (trachea and lung). This result 
demonstrates that multiplication of the bacteria in the upper 
respiratory tracts results in invasion of the lower respiratory 
tracts due to the inhibition of the host immune system. The 
results of P. pneumotropica isolation from the upper respiratory 
tracts (nasal cavity, conjunctiva, oral cavity, and laryngopharynx) 
for intranasal inoculation and contact infection were similar. In 
contrast, isolation of bacteria from the lower respiratory tract was 
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different between groups. From mice euthanized at 70 days after 
inoculation, P. pneumotropica was not isolated from the intranasal 
infection group, but the bacteria were isolated at 70 days in the 
contact-infected group. In this study, minimum number of mice 
and no repetition was conducted; these intendancy should be 
clarified in future study.

 The development of a contact infection model in this 
study is of great significance for understanding the pathogenesis of 
P. pneumotropica infection in mice. We are currently investigating 
the virulence factors of P. pneumotropica. In our previous studies, 
several RTX toxins have been identified in these bacteria [19, 20]. 
Furthermore, several candidate virulence-associated genes such 
as RTX toxins were identified from a draft genome sequence of 
P. pneumotropica [21,22]. The contact infection model developed 
in this study will enable us to investigate the effect of virulence 
factors such as RTX toxins in vivo.

 In developing countries, many pathogens of laboratory 
animals are opportunistic organisms [23]. Pseudomonas 
aeruginosa, Helicobacter hepaticus, and Staphylococcus aureus 
are opportunistic organisms. However, the pathogenicity of these 
organisms remains unclear. The contact infection method in this 
study would provide a means to research the pathogenicity of 
such organisms.

 In this study, we observed that P. pneumotropica 
could be transmitted to scid mice upon contact. Further work 
is required to investigate experimental contact infection using 
other strains of immunodeficient or immunocompetent mice. The 
work will contribute to our understanding of the pathogenesis of 
P. pneumotropica and the effects of the immune systems in mice.
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