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Establishment of a Pathogenicity Index for Mice to
Pasteurella multocida Strains Isolated from Poultry
and Swine

ABSTRACT

Fowl cholera is a contagious disease that results from infection by
the bacterium Pasteurella multocida. This microorganism is extensively
distributed among animal species, but little is known regarding it's
pathogenesis and specificity to various hosts. Many studies using
pathogenicity evaluation methods are subjective and difficult to
quantify because they are often only involved in the observation of the
lethal capacity of the agent in experimental inoculation. Due to a lack
of more consistent data, this study aimed to establish a classification
model of P multocida pathogenicity in mice using strains isolated from
poultry and swine. A total of 94 strains of P multocida isolated from
clinical cases of FC and from lungs of swine were tested. A volume of
0.1 mL of bacterial suspension was obtained from the concentration
of 10° CFU/mL and inoculated by an intraperitoneal route in five mice.
The animals were observed every six hours over seven days. In addition
to the mortality observed, the time of death and gross lesions were
also analyzed. The Pathogenicity Indexes obtained showed significant
differences (p<0.05) according to the origin of the strains. Likewise,
the number of gross lesions and isolation percentages were also varied
(p<0.05) among strains isolated from poultry and swine. From the
observed ratios, the isolates were grouped into three pathogenicity
classes: high, medium and low. This study proposed a consistent
measurement and classification of P multocida pathogenicity. The
obtained results will be used to generate other adjusted models, as
well as to form the basis for disease diagnosis.

INTRODUCTION

The avian pasteurellosis or fowl cholera (FC) is a highly infectious
systemic disease, the agent of which is the bacteria Pasteurella
multocida. This disease usually results in high morbidity and mortality,
and it is one of the most important in poultry farming because of
worldwide economic losses (Wilkie et al., 2012). Other diseases
resulting from infection by the same agent include progressive atrophic
rhinitis in swine, hemorrhagic septicemia in cattle and buffaloes and
pasteurellosis in rabbits (Alwis, 1992; Avante, 2008; Winn, 2008).

P multocidaisa commensal inhabitant of the respiratory and digestive
tract of mammals and birds (Christensen & Bisgaard, 2006). However,
this bacterium can become pathogenic if the host is exposed to factors
that compromise its immune system, such as stress, environmental
changes or other infections. Thus, the pathogenicity of P multocida is
variable and depends primarily on the virulence of the strain and the
host species involved (Nascimento et al., 2009).

Despite the number of diseases that P multocida causes and the
economicimpact associated with these diseases, little isknown regarding
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the pathogenesis and virulence of various strains
(Wilkie et al., 2012). Several pathogenicity assessment
methodologies involve only the agent’s lethal capacity
(Rajini, 1995; Wilkie, 2000), providing subjective data
regarding the true pathogenic capacity of bacteria. In
addition, animal models, such as mice, are generally
used to confirm the diagnosis of FC (Dziva et al., 2008).
Due to the lack of more consistent data, the objective
of this study was to establish a classification model of
the pathogenicity of P multocida, isolated from clinical
cases of FC and from swine through the inoculation
of mice.

MATERIALS AND METHODS
Strains of Pasteurella multocida

A total of 94 strains of P multocida isolated from
clinical cases of FC and from swine lungs taken at
slaughter, in southern Brazil were selected. All samples
were stored in sheep blood medium at a temperature of
-80 °C. Reactivation of the strains to confirm the purity
of the samples was performed according to Glisson et
al. (2008) and Furian et al. (2013). The isolates were
reactivated in brain heart infusion broth (BHI-Oxoid®)
and incubated at 37°C for 24 hours. Next, the samples
were plated into two different culture media: blood
agar (Oxoid®) containing 5% defibrinated sheep blood
and MacConkey agar (Oxoid®), which inhibits the
growth of P multocida. The samples were incubated
again at 37°C for 24 hours. After this period, the
colonies present on the blood agar plates were
evaluated according to their morphology. Finally, the
catalase and oxidase tests were performed, and a
species-specific PCR for detection of the gene kmt1
was performed according to the protocol developed
by Townsend et al. (1998).

Preparation of the inoculum

The inoculum preparation was performed according
to the methodology described by Pilatti et al. (2016).
The solution contained 10° CFU/mL was defined as the
standard inoculum, which corresponds to the value of
LD, determined by Pilatti et al. (2016) and Hazarika
et al. (2011). For the preparation of the inoculum,
one colony of each sample from the overnight culture
on blood agar supplemented with 5% debrinated
sheep blood was transferred to a tube containing 5
mL of sterile BHI broth. After homogenization, 1 mL
of this solution (107) was transferred to another tube
containing 9 mL of sterile 0.85% saline solution.
Subsequently, 0.1 mL of this solution (10°) was used
for the inoculation.
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Inoculation

This project was approved by the Ethics Commission
on Animal Use (CEUA) of the Veterinary Research
Institute Desiderio Finamor (IPVDF), located in Eldorado
do Sul, State of Rio Grande do Sul, conforming to
protocol number 01/2015. A total of 470 Swiss
heterogeneous 8-week-old mice were housed in
temperature-controlled isolation rooms (22 = 2°C).
The animals were placed inside experimental plastic
containment boxes, and they received water and
feed in the form of pellet ad libitum. For each strain
evaluated, five mice were inoculated with 0.1 mL of
the inoculum through the intraperitoneal route. The
control group composed of 5 mice was inoculated
with 0.1 mL of 0.85% sterile saline solution through
the same route.

Mortality and evaluation of the presence
of macroscopic lesions

Mortality of the challenged mice was evaluated at
intervals of six hours over seven days. The dead animals
were necropsied, and the presence of five macroscopic
lesions for mice (conjunctivitis, inflammatory lesion at
the site of application, congested/hemorrhagic liver
and congested/hemorrhagic lungs, pericarditis) were
evaluated (Figure 1).

Isolation of Pasteurella multocida

Fragments of heart and spleen were collected
aseptically and inoculated in 5 mL of BHI broth (Oxoid®)
to obtain bacterial isolates. The diagnosis followed the
same steps previously described for the reactivation of
P multocida strains (Glisson et al., 2008; Furian et al.,
2013).

Calculation of individual pathogenicity
index (IPI)

The IPI was based on the study described by Souza
et al. (2016) and Pilatti et al. (2016) with several
modifications. The IPI corresponds to the pathogenicity
index (PI) for each animal in each group inoculated
with a strain of P multocida and was calculated on a
scale between 0 and 10. A value of 10 was established
as the maximum pathogenicity rate for an inoculated
mouse. For it's determination, the time of death (TD)
and the presence of the five macroscopic lesions (Figure
1) were considered. The two parameters received equal
weight, corresponding to 5 points each. Due to the
absence of mortality in the first 6 hours, mice that died
after 12 hours post-inoculation received a maximum
value of 1 for the TD. From 18 hours and later, the TD
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Figure 1 — Macroscopic lesions observed in the necropsied mice after inoculation with the selected strains of Pasteurella multocida.
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(a) conjunctivitis; (b) inflamma-

tory lesion at the site of application; (c) congested liver; (d) hemorrhagic lung; (e) pericarditis; (f) animal without lesion.

was divided by the number of times that the animals
were evaluated over seven days, resulting in a value of
0.0357, which corresponded to a survival bonus factor.
Thus, for every 6 hours that the mice survived, 0.0357
of the maximum factor 1 was discounted. The values
obtained for the TD were multiplied by 5, corresponding
to the maximum score of points for this parameter. The
five remaining points correspond to the sum of the five
macroscopic lesions evaluated. The mice that died in
the first 12 hours received the maximum scores for the
two evaluated criteria, resulting in @ maximum IPI value
of 10. The remaining animals did not receive a score
for TM at the end of the seven days of observation;
only the respective sum of the five macroscopic lesions
was counted for the IPI.

Thus, the IPI was generated according to the
following equation:

*IPl=TD x 5 + (CONJ + IL + LC + HC + PC)

*IPl: Individual Pathogenicity Index; TD: Time of
Death; CONJ: Conjunctivitis; IL: Inflammatory lesion
at the site of application; LC: lung congestion; HC:
Hepatic congestion; PC: Pericarditis.

The PI for each inoculated strain was calculated
according to the equation below:

*Pl = X(IPI)
N
*Pl: Pathogenicity index of the strain; Z(IPI): Sum
of IPI; N: Number of inoculated mice in the same
group.

Table 1 — Example of the establishment of the Pathogenicity Index (Pl) of Pasteurella multocida strains inoculated in five

Swiss heterogeneous 8-week-old mice.

Strain Animal Hrs D FBS CONJ IL LC HC PC Lesion IPI
1 30 0.8929 4.46 0 0 1 1 0 2 6.46
2 36 0.8572 4.29 0 0 1 1 0 2 6.29
824 B 54 0.7501 3.75 0 0 1 1 0 2 5.75
4 72 0.643 3.22 0 1 1 1 1 4 7.22
5 78 0.6073 3.04 0 1 1 1 1 4 7.04
Pl: 6.55

Hrs: Survival time in hours; TD: Time of death; FBS: Survival bonus factor (FBS); CONJ: Conjunctivitis; IL: Inflammatory lesion; LC: Lung congestion; HC: Hepatic congestion; PC: Pericar-
ditis. 1: Presence of lesion; 0: Absence of lesion; IPI: Individual Pathogenicity Index; PI: Pathogenicity index of the strain.
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Statistical analysis

The Kruskal-Wallis, Mann-Whitney and Dunn’s non-
parametric statistical tests were selected to verify the
significance of the statistical variation among strain
origins, time of death, percentage of macroscopic
lesions and PI. The statistical program Graphpad Prism
version 6.0 was used with a significance level of 5%.

RESULTS AND DISCUSSION
Mortality and time of death

The mortality percentage of mice inoculated with
avian and swine strains according to the total period
evaluated is described in Graphic 1. There was a
significant difference (p<0.05) in the time of death
among the strains isolated from the two origins. The
mortality percentage was significantly higher (p<0.05)
among avian strains, especially in the first 48 hours
and between 78 and 96 hours post-inoculation.

Graphic 1 - Relative frequency (%) of mortality and time
of death (hours) of Swiss heterogeneous 8-week-old mice
observed during seven days after inoculation with avian and
swine Pasteurella multocida strains.

14
12
10

8

= Avian = Swine

oN

Time of death (hours)

* Different letters in the same column represent significant difference between the
groups (p<0.05), Mann-Whitney test.

The inoculation by strains of avian origin usually
causes death of the mice within 24 to 48 hours (Rimler
& Glisson 1997). The highest mortality among poultry
strains was up to 48 hours after inoculation (51.46 %),
which is in agreement with the literature (Ozbey,
Muz 2006). According to observations performed at
intervals of 6 hours, it was possible to identify mortality
peaks of the mice inoculated with the avian strains at
18, 24, 30 and 36 hours after inoculation (Graphic 1).
Despite the low and constant mortality of the mice
inoculated with the swine strains, a peak between 48
and 72 hours (14.19%) after inoculation was observed
(Graphic 1). This mortality period was also observed by
Hazarika et al. (2011) for most animals inoculated with
swine strains.

4 2 a A a4
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Evaluation of the presence of macroscopic
lesions and bacterial isolation

Clinical signs such as ruffled fur, dyspnea, apathy,
anorexia and cyanosis at the extremities, especially
close to the time of death were observed after 12
hours post-inoculation. Several animals also presented
purulent ocular discharge and, rarely, torticollis and
locomotive discomfort, which were associated with
the lymphadenopathy evidenced at the necropsy.
The study on the evaluation of pathogenicity of P
multocida type B in mice conducted by Ahmed et al.
(2014) revealed similar clinical signs.

At necropsy, the mice presented with evident
macroscopic lesions, which differed in intensity and
extent among R multocida strains, as occurred with
time of death (TD).

Graphic 2 shows the percentage of bacterial
isolation and the frequency of the five macroscopic
lesions evaluated in the study. According to the
percentage of the lesion frequency, it was observed
that the strains of avian origin caused a higher number
of lesions in the inoculated mice. The occurrence of
hepatic and lung congestion were significantly higher
(p<0.05) among avian strains. The same finding was
observed in relation to the percentage of bacterial
isolation (Graphic 2).

Graphic 2 - Relative frequency (%) of macroscopic lesions
and bacterial isolation according to the origin of Pasteurella
multocida strains.
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CONJ: Conjunctivitis; IL: Inflammatory lesion at the site of application; HC: hepatic
congestion; LC: lung congestion; PC: Pericarditis. Different letters in the same column
represent significant difference between the groups (p<0.05).

Among the animals that presented macroscopic
lesions, hepatomegaly with congestion and petechiae,
as well as the presence of white or yellowish spots in the
liver, were frequently observed. Akhtar (2013) observed
similar septicemic lesions with necrosis and hemorrhage
in the liver and heart when mice were inoculated
with P multocida strains of avian origin. The lung, an
organ for which P multocida presents a higher tropism
(Nascimento et al., 2009), has generally demonstrated
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moderate to severe congestion in addition to the
occurrence of petechiae. The heart was another organ
that also presented alteration. A thick fibrinous layer
formed on the pericardium in most of the cases.

At the site of inoculum application, an inflammatory
process that was characterized by a yellowish lesion
in the peritoneum was observed. This lesion was
also described by Pilatti (2016) in one day-old chicks
inoculated with the same strains selected for this study.
Eventually, the spleen also presented macroscopic
lesions. In spleens, congestion and splenomegaly were
observed, however, the lesions were not considered in
the calculation of Pl because the identification of these
lesions was difficult. Another finding that was less
frequent (1%) was lymphadenopathy, specifically in
the subiliac lymph nodes. Animals with enlarged lymph
nodes showed slight discomfort in the posterior limbs
when they moved. Randani et al. (1990) observed the
death of all mice inoculated with strains of P multocida
type B isolated from ruminants within a short period of
time, as well as lesions similar to hemorrhagic septicemia
in cattle, such as lymphadenopathy, splenomegaly and
petechial hemorrhage between 12 and 24 hours post-
infection. The presence of lymphadenopathy in mice
suggests a relationship between this type of lesion
and the pathogenic capacity of the strain. In addition,
Ahmed et al. (2014) highlights that when inoculation
is performed by the intraperitoneal route, the primary
sites for colonization are the peritoneum and lymphatic
system of the region. Subsequently, the microorganism
disseminates through the body and migrates to the
tissue most suitable for its multiplication (Ahmed et al.,
2014). According to the period of observation in this
study, it was possible to verify the time required for the
formation of some lesions. Conjunctivitis, hepatic and
lung congestion were generally observed within the
first 12 hours after inoculation of the mice. Conversely,
the inflammatory lesion at the site of application and
pericarditis were observed only at 18 hours and 42
hours after inoculation.

Establishment of a Pathogenicity Index for Mice to
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The frequency of bacterial isolation was higher
among the avian strains, which were also more
pathogenic. Other studies also showed higher success
in recovering samples from organs of animals that died
within 24 to 48 hours after inoculation with avian P
multocida strains (Balakrishan; Roy, 2012). According
to Ozbey and Muz (2006), it is possible that non-
reisolated strains are not lethal to mice because when
the virulence is lower, the difficulty of detecting the
strains in this animal model is increased. The data in
Table 2 verified that the isolation was higher in the
first and second days of death. This finding probably
explains the fact that the majority of swine strains
presented low mortality, less macroscopic lesions, and
lower frequency of bacterial isolation.

Table 2 - Frequency (%) of bacterial isolation and daily
mortality of Swiss heterogeneous 8-week-old mice
inoculated with Pasteurella multocida strains.

Mortality (%) Isolation (%)

Day

Avian Swine Avian Swine
1 23.57 2.63 89.39 100
2 27.85 7.89 85.89 60
B 20.71 11.57 72.41 45.45
4 10.71 3.68 70 71.42
5 1.42 4.21 75 62.5
6 2.14 2.1 50 25
7 1.78 3.68 60 42.85
7% 11.42 64.21 40.62 4.09

* Mice that survived and were euthanized after 168 hours of observation.
Pathogenicity index

Based on mortality parameters and the presence of
macroscopic lesions, a Pl was calculated for the avian
and swine strains on a scale of 0 to 10. The 94 strains
of P multocida were classified into three pathogenicity
groups according to the Pl and shown in Table 3.

The majority of avian strains presented intermediate
to high pathogenicity, unlike the swine strains that
showed predominantly intermediate and low Pls. The
median PIs of the groups with intermediate and low

Table 3 — Median values of Pathogenicity Index (PI) obtained according to the distribution of avian and swine strains of P

multocida inoculated in the pathogenicity groups.

Origin Pathogenicity group

Ne of strains

Median + Standard deviation

High (Pl from 7.1 to 10)
Avian Intermediate (Pl from 3.1 to 7)
Low (PI from O to 3)
High (Pl from 7.1 to 10)
Intermediate (PI from 3.1 to 7)
Low (PI from O to 3)

Swine

16 9.46 + 1.061°
36 6.27 +£0.903°
4 2.4 +1.575b
7.83 + 1.324°
" 5.74 +0.917°
24 0+0.903°

Different letters in the same column represent significant difference between the groups (p<0.05), Kruskal-Wallis test.
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pathogenicity did not present significant difference
(p>0.05); however, these two groups differed from the
high pathogenicity Pl median. Regarding the 38 strains
of swine origin, there were no significant differences
(p>0.05) between the high and intermediate
pathogenicity groups, but both were significantly
different (p<0.05) from the low pathogenicity group.

The results of this work were similar to those
described by Pilatti (2016) regarding the higher
pathogenicity of avian strains compared to the isolates
from swine. Several virulence factors are considered
fundamental only for a specific host species. For
this reason, certain strains are genetically capable of
inducing disease in one host and do not cause disease
in others (Ewers et al.,, 2006). The high pathogenicity
observed in part of the avian isolates, as well as for
some swine isolates, confirms the pathogenic potential
of strains of these origins in mice.

P multocidais the main causative agent of FC (Quinn,
2005), but the microorganism is usually present in
mixed infections in swine, and for this reason, its action
as a primary pathogen or as an opportunistic invader is
still unclear (Borowski et al., 2007). Several studies have
demonstrated an increase in the pathogenic potential
of P multocida strains when associated with other
agents (Ciprian et al, 1988; Hansen, 2010; Morés,
2015). Conversely, Oliveira Filho and collaborators
(2015) refer to this microorganism as the primary cause
of pneumonia in pigs, highlighting the importance of
the genetic variability of the circulating strains among
the herds and their influence on the pathogenic
capacity for the animals. It is possible that as in the
pigs, an increase in the pathogenic potential occurs
in mice when P multocida acts together with other
microorganisms. However, the evidence of several high
Pls for swine strains demonstrates the ability of some
strains of P multocida to induce disease in mice, even
when evaluated as the sole etiological agent.

A similar model of pathogenicity classification
was described by Pilatti et al. (2016) through the
experimental inoculation in one day-old chicks with
the strains selected for this study. The authors also
observed a significant difference (p<0.05) between the
Pls of the groups in which the strains were distributed.
However, unlike Pilatti et al. (2016), the interval of 6
hours for the observation of the mice and for mortality
evaluation was adopted in the current study, thereby
generating more precise results.

The pathogenicity classification model proposed
in this study may be used in future studies aimed at
characterizing the virulence of P multocida strains. In
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2016, Furian et al.,, proposed a method of conditional
interference through the use of classification trees for
22 genes associated with virulence. Those authors
used the Pls established by Pilatti (2016) in the
correlation of marker genes of pathogenicity. From
that work, the authors identified virulence genes
associated with pathogenicity levels in avian strains
of P multocida. In addition, the Pls obtained can be
used in the construction of artificial neural networks to
classify the pathogenicity of strains without the need
of inoculation of animals, as was reported by Souza
(2010) using strains of E. coli from avian origin.

CONCLUSIONS

The PI that was described, selecting the time of
death and the presence of five macroscopic lesions,
enabled the classification of the P multocida strains
in different groups. This methodology can be used in
the future to assess the pathogenicity of the isolates,
especially in the case of bacteria that may be involved
in respiratory syndromes.
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