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Abstract
Although Pasteurella multocida is a member of the respiratory 

microbiota, under some circumstances, it is a primary agent of diseases 
, such as fowl cholera (FC), that cause significant economic losses. 
Experimental inoculations can be employed to evaluate the pathogenicity 
of strains, but the results are usually subjective and knowledge on the 
pathogenesis of this agent is still limited. The objective of this study 
was to establish a new methodology for classifying the pathogenicity 
of P. multocida by formulating a standard index. Strains isolated from 
FC cases and from swine with respiratory problems were selected. One 
hundred mL of a bacterial culture of each strain, containing 106 CFU, 
was inoculated in 10 one-day-old broilers. Mortality after inoculation, 
time of death (TD), and the presence of six macroscopic lesions 
were evaluated over a period of seven days post-inoculation (dpi). A 
Pathogenicity Index Per Bird (IPI), ranging 0 to 10, was calculated. Liver 
and heart fragments were collected to reisolate the bacteria. Blood was 
collected from the surviving birds, and an ELISA test was carried out to 
detect specific antibodies. The median of the pathogenicity indices, the 
number of lesions and the rate of bacteria reisolation were significantly 
different (p<0.05) among the origins of the isolates (p<0.05). The 
pathogenicity index developed in this study allows the classification of 
Pasteurella multocida pathogenicity and may be an alternative to the 
pathogenicity models currently used for screening.

Introduction
Pasteurella multocida is a member of the commensal flora of the upper 

respiratory tract in animals. Under stress conditions, it may be involved 
in various respiratory syndromes as a secondary agent (Nascimento et 
al., 2009). This microorganism also causes other diseases in livestock, 
such as hemorrhagic septicemia in ruminants, atrophic rhinitis in swine, 
and fowl cholera (FC) in poultry (Boyce et al., 2004).

Despite the wide spectrum of diseases that it causes and the 
economic losses associated with pasteurellosis, the knowledge of the 
pathogenesis of this agent remains limited (Wilkie et al., 2012). Studies 
on Pasteurella virulence genes (Ewers et al.,2006; Furian et al., 2013; 
Tang et al., 2009) and in in-vitro transcription analyses determined that 
the pathogenic strain is critical because P. multocida is an opportunistic 
microorganism in vertebrates (Christensen & Bisgaard, 2006). Thus, 
the inoculation of animals such as rodents, chicks, and embryonated 
eggs is used in some studies to determine the pathogenicity of isolates 
(Ibrahim et al., 1998; Mohamed et al., 2012; Schivachandra et al., 
2006). In addition, the inoculation of materials suspected to cause 
disease in mice with subsequent isolation of pure cultures of bacteria 
is a diagnostic tool for FC (Dziva et al., 2008), but this method is not 
considered adequate to evaluate pathogenicity (Mohamed et al., 2012; 
Schivachandra et al., 2006).
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However, studies aiming at determining the 
pathogenicity and classifying P. multocida avian and 
swine isolates are rare, and often subjective, regarding 
the presence of macroscopic lesions. The objective of 
this study was to establish a classification model for 
the pathogenicity of P. multocida strains isolated from 
poultry and pigs by inoculating one-day-old broilers.

Materials and Methods
Experimental animals

A total of 960 one-day-old broilers derived from 
58-week-old broiler breeder not vaccinated against 
FC were acquired for the study. Birds were randomly 
assigned to groups of 10 individuals and housed in 
pens (30 cm of length x 55 cm of height x 35 cm of 
width) located in an isolation room with controlled 
temperature (32°C). Drinking water and commercial 
feed were provided ad libitum. 

The research project complied with professional and 
institutional animal welfare policies and was approved 
by the Ethics Committee on Animal Use (CEUA) of 
the Veterinary Research Institute Desiderio Finamor 
(IPVDF), protocol number 25/2012.

Strains of Pasteurella multocida

Ninety-six strains of P. multocida were selected 
for the study: 54 strains previously isolated from 
clinical cases of FC, 40 strains isolated from pigs with 
respiratory signs, and two reference strains from the 
American Type Culture Collection (ATCC - American 
Type Culture, Manassas, VA, United States of America), 
numbers 15742 and 12945, isolated from turkeys 
and chickens, respectively. The strains were stored in 
sheep blood at -80 °C and reactivated according to 
Glisson et al. (2008). An aliquot of each sample was 
inoculated into brain heart infusion broth (BHI - Oxoid; 
Cambridge, United Kingdom) and incubated at 37 
°C for 24 hours. After this period, the samples were 
plated on blood agar (BA - Oxoid; Cambridge, United 
Kingdom) supplemented with 5% defibrinated sheep 
blood and on MacConkey agar (Oxoid; Cambridge, 
United Kingdom). The colonies in BA were evaluated 
according to their morphology. Catalase and oxidase 
tests were performed in addition to methylene blue 
staining to visualize the bipolar bacterial cells. Finally, 
the strains were subjected to a species-specific PCR 
protocol to detect the gene kmt1, according to the 
protocol developed by Townsend et al. (1998). 

Lethal Dose 50% (LD50)

Five strains of P. multocida were selected, including 
the reference strains ATCC 15742 and ATCC 12945. 

Bacterial cultures grown in BHI overnight at 37 °C 
containing 108 CFU//mL were serially diluted to a 
final dilution of 10-9 by transferring 1 mL of the initial 
suspension to a tube containing 9 mL of 0.85% sterile 
saline. Each dilution was inoculated (0.1 mL) in 10 
one-day-old broilers intraperitoneally. After a pilot 
project, in which 100% of birds mortality with 109 CFU 
inoculation dose (Souza, 2010) in less than 24 hours 
was observed, the LD50 was determined according the 
methodology described by Reed & Muench (1938). 
The LD50 presented a value of approximately 105 CFU. 

Inoculum preparation 

The inoculum preparation was standardized for all 
strains, according to the technique described by Borsoi 
et al. (2009) with modifications. After cultivation of 
each sample in BA overnight at 37 °C, a colony was 
selected and transferred to a tube containing 5 mL of 
BHI. After the cells were suspended, the solutions were 
homogenized and serially diluted to a final dilution of 
10-9 by transferring 1 mL of the initial suspension to a 
tube containing 9 mL of 0.85% sterile saline. A bacterial 
count was performed in BA for each dilution by the drop 
technique (Tortora & Case, 2012; Trabulsi & Alterthum, 
2008). The standard inoculum solution containing 106 
CFU/mL was utilized to inoculate the chicks.

Inoculation

The groups of 10 one-day old broilers were 
intraperitoneally inoculated with 0.1 mL of the 
standard inoculum solutions containing each of the 96 
P. multocida strains. A control group of 10 broilers of 
the same age was also inoculated with 0.1 mL of 0.85% 
sterile saline by the same route. Four experimental 
series were performed for the inoculation of all strains. 
Birds were observed for a period of seven days post-
inoculation (dpi). 

Mortality, evaluation of the presence of 
macroscopic lesions and bacterial reisolation 

The birds were observed every 12 h for seven 
consecutive days and mortality was recorded. At each 
visit, the dead birds were collected for necropsy and 
for macroscopic evaluation of the presence of the 
following lesions: pericarditis (PC), perihepatitis (PH), 
peritonitis (PT), airsacculitis (A), cellulitis (CL), and 
omphalitis (ONF).

Simultaneously, fragments of the liver and heart were 
collected from the birds and inoculated with 5 mL of BHI 
for bacterial reisolation, as described by Christensen & 
Bisgaard (2006). Blood was collected from the surviving 
birds by cardiac puncture 7 dpi. An indirect ELISA (IDEXX 
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Laboratories, Westbrook, ME, United States of America) 
test using a commercial kit was carried out to detect 
antibodies specific to P. multocida. The birds were 
euthanized and then necropsied to assess the presence 
of macroscopic lesions and for bacterial reisolation, as 
previously mentioned. 

Calculation of Pathogenicity Index Per 
Bird (IPI) 

The IPI corresponds to the pathogenicity index for 
each bird in each group inoculated with a strain of P. 
multocida. The calculation of the IPI was based on a 
study by Souza et al., (2016) with modifications. A value 
of 10 was established as the maximum pathogenicity 
rate for an inoculated bird. In this index, 5 points 
corresponded to the time of death (TD) and its survival 
bonus factor (FBS). To obtain the TD value, an index of 
1 (which corresponded to the maximum value assigned 
to a death on the first day) was divided by the number 
of days the birds were evaluated (7 days), resulting in a 
value of 0.1428, which corresponded to the FBS. Thus, 
every day that the birds survived discounted 0.1428 of 
the TD value. The remaining 5 points corresponded to 
scores for gross lesions (GL) present at necropsy (Souza, 
2010). The GL value was determined by dividing the 
maximum score assigned to this indicator (5 points) by 
the number of lesions (6), obtaining a value of 0.833, 
indicating the presence of each lesion. The remaining 
birds did not receive were not scored for TD at the end 
of the seven days of observation; only the respective 
GL values were counted for the IPI. Therefore, the IPI 
was calculated according to the following equation:

*IPI = (TD x 5) + PC + PH + PT + ASS + CL + ONF
IPI: Pathogenicity Index Per Bird; TD: time of death; 

PC: pericarditis; PH: perihepatitis; PT: peritonitis; ASS: 
airsacculitis; CL: cellulitis; ONF: omphalitis.

The Pathogenicity Index (IP) for each inoculated 
strain was calculated according to the given equation:

*IP = ∑(IPI)
N

* IP: Pathogenicity Index; IPI ∑: sum of Pathogenicity 
Indices Per Bird; N: number of inoculated birds. 

Statistical Analysis

Mann Whitney, Kruskal-Wallis and Dunn’s non-
parametric statistical tests were selected for the analysis 
of the results, using the statistical program GraphPad 
PRISM® 6 at significance level of 5% and confidence 
level of 95%.

Results

At the end of the observation period, 75.7% of 
the birds inoculated with avian strains and 36.7% 
of those inoculated with pig isolates died. Mortality 
significantly higher (p<0.05) in the birds inoculated 
with avian strains than in those challenged with pig 
strains isolated on 1, 2, and 4 dpi, as shown in Table 
1. Similarly, the highest mortality occurred during the 
first 72 hours post-inoculation, regardless of the host 
origin. 

Table 1 – Relative frequency (%) of mortality observed 
during seven days after inoculation of one-day-old broilers 
according to P. multocida strain origin.

Origin
Daily mortality

1 2 3 4 5 6 7 7*

Avian 56.1a 13.6a 3.0 a 1.6 a 0.5 a 0.2 a 0.7 a 24.3a

Swine 19.3b 8.3b 6.3 a 0.7 b 0.7 a 1.2 a 0.2 a 63.3b

*birds euthanized at the end of the study. Different letters in the same column indicate 
significant differences between groups (p<0.05), Dunn’s test.

All lesions were identified in at least one animal in 
each group inoculated with the P. multocida strains. 
Peritonitis and omphalitis were more common. 
Although the difference was not significant (p>0.05), 
macroscopic lesions assessed during the post-mortem 
examination of the 10 animals inoculated with each 
strain were observed in fewer animals inoculated with 
swine strains than with avian strains (Table 2).

In the study, all strains inoculated were re-isolated 
from at least one of the challenged animals in each 
group, but the frequency of reisolation was low, 
particularly from 3 dpi. However, it was also observed 
that the avian strains were re-isolated at a higher 
frequency (p<0.05) than the swine strains (Table 

Table 2 – Median of macroscopic lesions present in groups of 10 birds inoculated with each strain according to the origin 
of the strains.

Origin N°

Median of macroscopic lesions ± standard deviation

CL* PC* PH* PT* ASS* ONF*

Avian 56 6,5 ± 2,54a 3.0 ± 2.62a 4.5 ± 2.33a 9.0 ± 2.87a 7.0 ± 2.30a 9.0 ± 2.18a

Swine 40 6,0 ± 3,14a 1.0 ± 1.53a 2.0 ± 2.14a 8.0 ± 2.32a 6.0 ± 2.35a 7.0 ± 2.61a

*CL: cellulitis; PC: pericarditis; PH: perihepatitis; PT: peritonitis; ASS: airsacculitis; ONF: omphalitis. Different letters in the same column represent significant differences between groups 
(p<0.05) – Dunn’s test.
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3). None of the serum samples collected on 7 dpi 
presented antibody titers in the ELISA test.

Table 3 – Relative frequency (%) of the reisolation of 
inoculated Pasteurella multocida strains and the median 
pathogenicity index (PI) according to the strain origin.
Origin N° of strains % reisolation IP

Avian 56 54.64a 7.19 ± 2.67a

Swine 40 31.95b 4.13 ± 2.57b

Different letters in the same column represent significant difference between the 
groups (p<0.05) - Kruskal-Wallis test.

Based on mortality frequency and the presence of 
macroscopic lesions, an IP was calculated for the avian 
and swine strains. According to significant differences 
in mortality and frequency of the lesions, the median 
of pathogenicity indices indicated differences between 
the origins (p<0.05), as shown in Table 3. 

The 96 strains of P. multocida were classified 
into three pathogenicity groups according to the IP, 
as shown in Table 4. The results show a significant 
difference (p<0.05) in the median IP values among the 
groups. 

Table 4 – Median values of Pathogenicity Index (IP) obtained 
according to the distribution of avian and swine strains 
of Pasteurella multocida inoculated in the pathogenicity 
groups.
Pathogenicity Group N. of strains Median ± standard deviation

High (IP from 8 to 10) 37 9,13 ± 0,953a

Intermediate (IP from 4 to 7) 35 5,24 ± 1,159b

Low (IP from 0 to 3) 24 1,75 ± 0,837c

Different letters in the same column represent a significant difference between the 
groups (p<0.05), Kruskal-Wallis test.

Discussion

A higher mortality in birds inoculated with avian 
strains was observed in this study. A similar result 
was found in the study of Wilkie et al. (2000), in 
which chickens experimentally inoculated with a 
highly-pathogenic strain died within 22 to 23 hours 
after challenge and animals that were inoculated 
with a low pathogenicity strain died within 72 hours 
after challenge. Furthermore, the acute form of FC 
usually causes the rapid death of the host due tothe 
characteristic septicemia caused by the microorganism 
(Boyce et al., 2006). 

A lower numerical frequency of macroscopic lesions 
was detected in the chicks inoculated with swine strains 
than with avian strains, but no statistical difference 
between strain origins was observed. The specificity 
of the strains related to the species of the challenged 
animals may explain this variation. The lesions evaluated 

in the study have also been described in several papers, 
in which diagnostic tests were performed to confirm 
clinical cases of pasteurellosis (Nunes et al., 2008; 
Rahman et al., 2004; Zhang et al., 2004). However, 
it is only possible to correlated macroscopic findings 
with the etiological agent via bacteriological diagnosis 
because the macroscopic lesions caused by Escherichia 
coli and other bacteria are very similar to those caused 
by P. multocida (Bisgaard & Dam, 1980; Fisher et al., 
1998).

Differences in the daily mortality rates and the relative 
frequency of lesions associated with the strain origin 
may explain the low percentage of bacterial reisolation. 
The persistence of the bacteria at the site of infection, 
as well as their migration to other tissues and the time 
of death depend on the characteristics of the strain 
or on the host immune response (Boyce et al., 2010; 
Wilkie et al., 2012) and may influence microorganism 
isolation. The death caused by avian strains occurred 
primarily within the first 2 dpi. Although the isolation 
of the agent in non-selective media with a lower risk 
of growth of other bacteria is more likely until 2 dpi 
(Dziva et al., 2008), P. multocida was isolated on all 
days of observation, but in decreasing numbers as the 
number of days after inoculation increased. 

No antibody titers were detected in none of 
the serum samples by ELISA, possibly because the 
observation period was insufficient for the development 
of a detectable IgG immune response. Chaudhuri et 
al. (2012) evaluated the humoral immune response 
of mice and rabbits inoculated with P. multocida. 
Both species presented antibody titers, but the test 
was performed 10 days after the first inoculation. 
Additionally, Wilkie et al. (2000) inoculated chickens 
twice in an interval of 28 days, and observed that the 
serum samples collected after the first inoculation on 7 
dpi  presented lower titers, whereas those collected on 
30 dpi had higher titers.

The median of the pathogenicity index was different 
between the strain origin, although literature reports 
that strains isolated from pigs tend to be highly virulent 
in birds (Glisson, 2008). However, Hazarika et al. 
(2011) noted that isolates from swine were not equally 
virulent when inoculated in mice. The lack of available 
studies on the pathogenicity of P. multocida in vivo, 
except for studies of inoculation in mice to determine 
the LD50, makes it difficult to compare these data. 

Conclusions

The time of death and the presence of macroscopic 
lesions allowed for the classification of strains for 
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different levels of pathogenicity. This methodology can 
be used in the future to assess the pathogenicity of P. 
multocida in diseases in which it is the primary agent, 
particularly in cases of respiratory syndromes from 
which the bacterium is commonly isolated. 
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