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ABSTRACT 

Pasteurellosis is one of the most serious bacterial diseases of rabbits, causes considerable economic 

damage in production systems worldwide and is a widely proven zoonosis with cases in humans infected 

by companion animals. The activated complement system causes lysis of various pathogenic 

microorganisms by the formation of the membrane attack complex. The objective of the present work was 

to evaluate the survivability of a virulent isolate of Pasteurella multocida type A to human serum complement 

activity. A female rabbit was referred as a clinical case of pneumonic pasteurellosis, a nasal swab was 

performed for isolation and identification. P. multocida was isolated in pure culture, characterized by 

standard biochemical identification tests, and then challenged for 30 min at 37 °C with normal serum and 

heat-inactivated serum. Lysis by complement action had a significant reduction in the viability of the 

microorganism with respect to the culture challenged with inactivated complement (p< 0.05), however, a 

significant percentage 51.07 ± 1.70 % managed to evade complement lytic activity. In the context of health, 

it is concluded that the complement system offers partial protection against infections by P. multocida 

serotype A causing pneumonic pasteurellosis in rabbits. 

Keywords: Pasteurellosis, developmental inhibition, bacteria, membrane attack complex. 

RESUMEN 

La pasteurelosis es una enfermedad bacteriana que provoca daños económicos en sistemas de producción 

cunícola de todo el mundo y es una zoonosis comprobada en humanos infectados por los animales de 

compañía. El sistema complemento causa la lisis de diversos microorganismos patógenos formando el 

complejo de ataque a la membrana. El objetivo del presente trabajo fue evaluar la actividad del 

complemento sérico humano sobre la capacidad de supervivencia de un aislado virulento de Pasteurella 

multocida tipo A. La bacteria se obtuvo de un caso clínico de una coneja con neumonía, por medio de un 

hisopado nasal para aislamiento en cultivo puro e identificación por pruebas bioquímicas. P. multocida fue 
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enfrentada por 30 min a 37°C, a suero humano normal y a suero humano inactivado por calor. La lisis por 

la acción del complemento tuvo una reducción significativa en la viabilidad del microorganismo comparado 

con el cultivo enfrentado al complemento inactivado (P< 0.05), sin embargo, el 51.07 ± 1.70 % logró evadir 

la actividad lítica del complemento. En la presente investigación se concluye que el sistema complemento 

ofrece protección parcial contra infecciones por P. multocida serotipo A causante de pasteurelosis 

neumónica en conejos. 
Palabras clave: Pasteurelosis, inhibición del desarrollo, bacteria, complejo de ataque a la membrana. 

INTRODUCTION 

Pasteurella multocida is a Gram-negative bacterium that affects a wide range of domestic 

species. It is a pathogen that is part of the normal microbiota of oral cavity, oropharynx 

and upper respiratory tract, acts as a primary and opportunistic agent (Aktories et al., 

2012; Register & Brockmeier, 2019). In leporidae it causes acute and chronic 

bronchopneumonia, purulent atrophic rhinitis, sinusitis, atrophy of the nasal turbinates, 

distortion of the maxilla, it is also associated with otitis media, genital infection, pyoderma, 

septicemia and affects in their growth (Massacci et al., 2018; D’Amico et al., 2022). 

Pasteurellosis is one of the most serious bacterial diseases of rabbits causing economic 

damage to production systems worldwide (El‐Sheikh et al., 2021). This disease is usually 

endemic in rabbit production and its prevalence has been estimated between 7 and almost 

100 % (Zhu et al., 2020). Disease occurrence is inevitable in any animal production unit 

and leads to economic losses (Quesada et al., 2013). Rabbits can become infected with 

P. multocida after birth and the incidence of infection increases with age up to about 5 

months, with this, most adult rabbits have been infected and are carriers of P. multocida 

(Palócz et al., 2014).  

Anthropozoonotic transmission occurs through animal bites, scratches, and licking of skin 

abrasions or contact with nasal secretions, not to mention that P. multocida is the most 

frequent isolate observed in human infections (Souza, 2009; Wilson & Ho, 2013; Abreu et 

al., 2018; D’Amico et al., 2022). The prevalence of antisera against P. multocida was 2-

fold higher in healthy individuals with occupational exposure (Wilson & Ho, 2013), 

indicating that exposure to animals increases the likelihood of infection and in almost all 

cases death appears to be the result of a complication of infection acquired through 

contact with animals (Hey et al., 2012). The use of rabbits as companion animals exposes 

owners to P. multocida infection; the above has been documented but the issue has not 

been determined as a public health problem (Lin et al., 2006; Per et al., 2010; Ferreira et 

al., 2016; D’Amico et al., 2022).  
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The complement system is constituted by more than 50 circulating proteins that are 

produced in the liver, extrahepatic biosynthesis occurs in fibroblasts, T and B cells, 

adipocytes and endothelial cells. Complement generates an enzymatic chain reaction that 

can be activated by three pathways: the classical pathway, the alternate pathway and the 

lectin pathway (Bajic et al., 2015; Mathern & Heeger, 2015), participates in the immune 

response and it is activated by the recognition of molecular patterns associated with 

pathogens, damaged cells and immune complexes (Bajic et al., 2015). To eliminate such 

pathogens, the complement cascade triggers their opsonization that facilitates their 

phagocytosis, their lysis by the polymerization of the membrane attack complex, as well 

as a pro-inflammatory response leading to the recruitment and activation of immune cells 

of both the innate immune response, as well as the adaptive immune response (Ricklin et 

al., 2010; Bajic et al., 2015; Mathern & Heeger, 2015).  

The current trend for the treatment of pasteurellosis is based on the application of 

antibiotics, but in recent years there was an increased interest in having alternative 

therapies for its treatment (Kubatzky, 2012; Moreno-Torres et al., 2019). The complement 

system effect and its modulation to control the development of various infectious 

microorganisms have been demonstrated, but serum complement activity against P. 

multocida isolated from rabbit has not been evaluated. Therefore, the present study aims 

to evaluate the activity of human serum complement on the survivability of a virulent P. 

multocida type A isolate. 

MATERIAL AND METHODS 

A six-month-old female "cabeza de león" rabbit (Oryctolagus cuniculus) presenting 

semiology compatible with productive pneumonia, with moderate whitish secretion from 

the nasal cavities, was treated with enrofloxacin orally for more than three months. The 

secretion was swabbed for isolation of the causative agent in blood agar (AS) and 

incubated for 24 h at 37 ºC. After isolation in pure culture, characterization was performed 

by standard phenotypic identification techniques and for the identification of the capsular 

type, the hyaluronidase and acriflavine test was performed following the methodologies 

described by Koneman & Allen (2008). The procedures contained in the present work 

were endorsed by the Internal Committee for the Care and Use of Animals (CICUA) trade 

DC-2016/2-1. 

For survival trial, the bacteria were subcultured on blood agar (BA) for 24 h, subsequently 

a colony was inoculated in brain heart infusion broth (BHIB) for 16 h at 37 °C with 185 rpm 

shaking until the culture reached an optical density of 0.43 at 600 nm (approximately 3.42 

× 108 bacteria/mL). It was then centrifuged at 4,400 Xg at 21 °C for 15 min, the bacterial 

pellet was washed once with phosphate buffered saline (PBS) and adjusted to 1x103 

bacteria/tube. Normal human serum (NS) with active complement was used and for 

control complement was inactivated by heating human serum at 56 °C for 30 min (ICS), 
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the final serum concentration was 40 %. Bacteria were incubated with NS or ICS at 37 °C 

for 30 min under 190 rpm agitation. Then the culture was centrifuged at 5,500 Xg 

decanting the supernatant, the pellet was suspended in 100 µL of PBS, tenfold dilutions 

up to 10-4 were performed, to seed by extension in BA in triplicate incubating at 37 °C for 

18 h to determine the number of colony forming units (CFU), the survival percentage was 

calculated considering the number of colonies obtained after incubation with ICS as 100 

% survival. 

The results of the survival test were analyzed using mean, range and standard deviation, 

they were also compared using the one-way ANOVA test where a P value < 0.05 was 

interpreted as significant. The above was performed using GraphPad Prism software 

version 6.0.0 for Windows (GraphPad Prism, 2012).  

RESULTS 

The bacterium was isolated in pure culture and abundantly in BA from the nasal swab of 

the "cabeza de león" rabbit (Oryctolagus cuniculus) developing within 24 h of incubation. 

Gram staining was then performed, Gram-negative bacilli were observed and with Giemsa 

staining bacilli with bipolar appearance were observed. Biochemical tests performed are 

described in Table 1 and the images in Figure 1. The identification of the causal agent 

was P. multocida and by the hyaluronidase test it was subclassified in capsular type A. 

 

Table 1. Standard biochemical tests and antibiogram applied to the P. multocida isolate obtained from the 

diseased rabbit 

IDENTIFICATION TEST Result SEROTYPE IDENTIFICATION Result 

Oxidase +   
TSI Agar  6 Acriflavin - 

Motility - Hyaluronidase + 

Glucose +   

Development on blood agar + ANTIBIOGRAM  

Hemolysis - Cefotaxime S 

Development on MacConkey - Ciprofloxacin S 

Nitrate reduction + Neomycin R 

Indole + Norfloxacin S 

Urea - Sulfamethoxazole-trimethoprim S 
Simmons Citrate - Imipenem S 

Positive (+), Negative (-), Sensitive (S), Resistant (R) 
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Figure 1. Biochemical tests applied for the identification of P. multocida isolated from the nasal 
swab of "cabeza de león" rabbit. A) Pure culture on blood agar plate without hemolysis. B) Positive 
hyaluronidase test. C) SIM test; indole positive, hydrogen sulfide production negative and motility negative. 
D) TSI test; negative gas production, negative hydrogen sulfide production and yellow background and 
surface. E) Acriflavine test negative. F) Positive oxidase test 

 

The effect of the complement system on P. multocida was evaluated after incubation of 

the bacterial culture with NS or with 40 % ICS for 30 min. In ten independent experiments 

the viable bacteria were quantified, the percentage of surviving cells was calculated by 

comparing the number of viable bacteria incubated in the two treatments. Results indicate 

that the serum complement system has bactericidal action on P. multocida; the trial 

showed that the culture treated with the NS allowed in vitro survival of 51.07 ± 1.70 %, 

with respect to the ICS (P<0.05) (Figure 2). 
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Figure 2. Survival of P. multocida to the action of the complement system present in the serum. The number 

of P. multocida CFUs that developed after incubation with ICS is shown on the left and on the right when 

incubated with NS. ICS= serum inactivated at 56 ºC for 30 min. NS= normal serum (n=10). a-b Means with 

different letters are statistically different (P<0.05) 

DISCUSSION 

The presence of P. multocida capsular type A was confirmed in a "cabeza de león" rabbit 

(Oryctolagus cuniculus) that only presented whitish discharge from the nostrils. 

Commonly observed signs and lesions are rhinitis, sinusitis, conjunctivitis, dacryocystitis, 

nasal and ocular discharge. Other non-respiratory findings are meningitis, dermatitis and 

pyometra which the patient did not present (Rosell & De La Fuente, 2016; Massacci et al., 

2018). P. multocida is the bacterium responsible for pasteurellosis in rabbits (Aktories et 

al., 2012; Wilson & Ho, 2013), despite the diversity of signs and lesions that these animals 

may present, this disease should be suspected even with little respiratory signology. 

The tendency to use rabbits as companion animals has increased; their coexistence with 

humans is closer compared to rabbits destined for production; therefore, their health 

status should be monitored to avoid zoonotic diseases (D’Amico et al., 2022). 

Pasteurellosis causes high morbidity and mortality in rabbits regardless of their 

zootechnical purpose, whether in production, as laboratory animals or as companion 

animals (Aktories et al., 2012; D’Amico et al., 2022), therefore, surveillance for 

pasteurellosis in rabbits that live closely with humans should be monitored. 

Capsular type A is mostly isolated in cases of pasteurellosis in rabbits, and has also been 

reported to cause the disease in other mammalian animal species such as goats, sheep, 

pigs and cattle (Soriano-Vargas et al., 2012). Capsular type A is also closely related to 

fowl cholera worldwide in various avian species such as turkeys, chickens (Harper et al., 

2012; Guan et al., 2020), ducks (Soriano-Vargas et al., 2012) and other wild birds (Wilson 

& Ho, 2013). 
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Internationally there are trends to identify P. multocida by molecular tests such as PCR, 

but identification by standard phenotypic techniques is reliable to provide a definitive 

characterization (Dziva et al, 2008). This consists of isolation of the bacterium on 5 % ram 

BA or brain and heart infusion agar (BHIA), no development on MacConkey agar, 

microscopic observation of pleomorphic, non-flagellated, Gram-negative, bipolar staining 

short bacilli with Giemsa stain, which develop as facultative aerobes at 37 °C (Dziva et 

al., 2008; WOAH, 2012; Panna et al., 2015; D’Amico et al., 2022). Biochemical tests result 

in positive catalase, oxidase and indole, sucrose, glucose and maltose fermentation 

(Dziva et al., 2008; WOAH, 2012; Wilson & Ho, 2013; Panna et al., 2015). The above 

associated with the presentation of the disease in rabbits, is sufficient to definitively 

characterize the bacterium (Dziva et al., 2008), as observed in the isolate, where in 

addition the positive hyaluronidase test was observed to identify it as P. multocida 

capsular type A. 

The antibiogram performed after identification shows that the P. multocida isolate is 

susceptible to cefotaxime, ciprofloxacin, norfloxacin, sulfamethoxazole-trimethoprim and 

imipenem and resistant to neomycin; the clinical history refers that the patient was treated 

with enrofloxacin for more than 3 months without any improvement. Palócz et al. (2014) 

reports that enrofloxacin is a good antibiotic against P. multocida infections, but that the 

oral route of administration does not show good effect. Bourély et al. (2019) and Jamali 

et al. (2014) also report that strains isolated from pigs and rabbits are sensitive, but those 

isolated from cattle and ducks, are resistant. Antibiotic sensitivity and resistance to 

antibiotics against P. multocida is highly variable, this depends largely on the 

concentrations of the bacterium, antibiotic dosages and animal species. 

P. multocida capsular type A isolates of all species are sensitive to a wide range of 

antibiotics such as florfenicol, trimethoprim-sulfamethoxazole and penicillins (Gunathilake 

et al., 2015). Contrary to the above, it is reported that bovine isolates, show marked 

resistance to penicillin G, streptomycin, oxytetracycline, ampicillin and thiamphenicol 

(Jamali et al., 2014), and they are susceptible to amoxicillin, amikacin, cefazolin, ceftiofur, 

cefquinome, chloramphenicol, enrofloxacin, florphenicol and kanamycin (Jamali et al., 

2014; Bourély et al., 2019). For greater efficacy against P. multocida, the antibiotics of 

choice should be administered in combination. The best combinations are with amoxicillin 

and clavulanic acid, doxycycline with metronidazole, clindamycin with ciprofloxacin or 

trimethoprim-sulfamethoxazole or ceftriaxone combination (Wilson & Ho, 2013). The 

choice of antibiotics in rabbits is limited, as many oral antibiotics affect the intestinal 

microbiota, leading to infections such as clostridiasis (Elazab et al., 2018). Given the 

variability of susceptibility and resistance shown by P. multocida it is very important that 

before administering antibiotic therapy, antibiotic susceptibility testing should always be 

performed. 
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Blood plasma has elements capable of protecting the organism from the presence of 

pathogens, among them the complement system, in this study the inhibitory effect of 

serum complement against P. multocida was observed. The inhibition of the development 

of P. multocida in the NS by the action of complement was demonstrated in contrast to 

ICS, where the proteins of the complement system were denatured. The complement 

system is the main humoral response of the innate immune system and has great 

relevance in protection against bacteria and other invading pathogens due to its opsonic 

and cytolytic activity on the pathogen, in addition to its proinflammatory activity (Carroll & 

Isenman, 2012). Even though the complement system is shown to have bactericidal action 

against P. multocida, there are other components in the blood that have inhibitory action 

on bacterial growth (Nicholson, 2016). The ability of the individual to control the infection 

also depends on other components of the immune system such as the production of IgA 

antibodies that inhibit the infection and the development of the bacterium in the respiratory 

mucosa, while, in its invasion to tissues, it depends on the production of IgG antibodies 

together with the activation of the Complement system (Aktories et al., 2012). 

Encapsulated strains of P. multocida serogroup A of avian origin are highly complement 

resistant and actively grow in serum (Harper et al., 2012; Guan et al., 2020). However, 

the P. multocida isolate obtained from the rabbit was partially sensitive to complement 

action as is the case with spontaneous mutants with reduced capsule, or strains that have 

been treated with hyaluronidase, which are generally more susceptible to complement- 

and neutrophil-mediated serum agglutination, destruction and phagocytosis of serum 

(Guan et al., 2020; Li et al., 2021). Rodentibacter pneumotropicus (formerly Pasteurella 

pneumotropica) survives by 50 % when incubated with NS, so R. pneumotropicus has 

evolved mechanisms to evade the human complement system that may increase 

efficiency to access and colonize internal tissues where it can cause serious infections 

(Sahagun-Ruiz et al., 2014). 

P. multocida infections in humans arise as a result of wounds where rabbit bites or 

scratches are involved evidencing anthropozoonosis (Lin et al., 2006; Per et al., 2010; 

D’Amico et al., 2022). When these infections do not result from bite wounds, they are 

usually related to contact of skin, naso-oropharyngeal or upper respiratory mucosal 

lesions, especially in young children, the elderly, pregnant or immunocompromised 

individuals (Baud et al., 2012; Wilson & Ho, 2013, D'Amico et al, 2022). Rabbits used for 

domestic use that are carriers of P. multocida are a potential source of infection for 

humans exposed to infected rabbits, such as: veterinary doctors, owners, breeders, 

slaughterhouse personnel who are in contact with them. 

 

 

mailto:abanicoveterinario@gmail.com
https://doi.org/10.1016/j.immuni.2012.08.002
https://doi.org/10.1016/j.immuni.2012.08.002
https://doi.org/10.1042/ebc20160017
http://www.ncbi.nlm.nih.gov/pubmed/23230602
http://www.ncbi.nlm.nih.gov/pubmed/23230602
http://www.ncbi.nlm.nih.gov/pubmed/23230602
https://doi.org/10.1007/82_2012_202
https://doi.org/10.1007/82_2012_202
https://doi.org/10.1007/82_2012_202
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2020.104380
https://doi.org/10.1016/j.micpath.2021.105145
https://doi.org/10.1016/j.micpath.2021.105145
https://doi.org/10.1016/j.micpath.2021.105145
https://doi.org/10.1371/journal.pone.0111194
https://doi.org/10.1371/journal.pone.0111194
https://doi.org/10.1371/journal.pone.0111194
https://doi.org/10.1016/j.jvs.2005.10.068
https://doi.org/10.1016/j.jvs.2005.10.068
https://doi.org/10.1016/j.jvs.2005.10.068
https://doi.org/10.1016/j.jemermed.2008.04.008
https://doi.org/10.1016/j.jemermed.2008.04.008
https://doi.org/10.1016/j.jemermed.2008.04.008
https://doi.org/10.3390/vetsci9060301
https://doi.org/10.3390/vetsci9060301
https://doi.org/10.3390/vetsci9060301
https://doi.org/10.1089/vbz.2011.0610
https://doi.org/10.1089/vbz.2011.0610
https://doi.org/10.1089/vbz.2011.0610
https://doi.org/10.1128/cmr.00024-13
https://doi.org/10.3390/vetsci9060301
https://doi.org/10.3390/vetsci9060301
https://doi.org/10.3390/vetsci9060301


ABANICO VETERINARIO E-ISSN 2448-6132  abanicoveterinario@gmail.com  
Creative Commons (CC BY-NC 4 
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario 

9 
 

CONCLUSIONS 

There is a reduction in the number of P. multocida CFUs when exposed to active 

complement present in normal human serum compared to those exposed to inactivated 

serum. Human complement is a component of the immune system that offers partial 

resistance to the development of P. multocida capsular type A. 
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