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Abstract: Pasteurella species is considered the principal pathogen of the respiratory tract. Mannheimia haemolytica and Pasteurella 
multocida were investigated and typed from nasal swabs and tissues taken from sheep, goat and cattle. Indeed, 41 lung and 121 nasal 
swabs samples were collected from animals with respiratory diseases during 2015 to 2017 in six different regions in Morocco. At 
first, a screening of Pasteurella species using the real time PCR (RT-PCR) was carried out, then all isolated strains on agar blood 
were confirmed by PCR gel based assay specific for M. haemolytica and P. multocida. Pathogenicity was evaluated in mice and 
histopathological examination was done on some of lung tissue. The results revealed that 34 samples of which 28 (55%) from nasal 
swabs and six (38%) from lungs were positive for M. haemolytica and nine samples of which seven (14%) from nasal swabs and two 
(13%) from lungs were positive on P. multocida serogroup A. Seventy-two percent (72%) isolates were highly pathogenic to mice, 
which is in accordance with the results obtained by histopathology examination. This is the first report for widespread infections of 
Pasteurella (M. haemolytica & P. multocida) in ruminants in Morocco. Therefore, measures including development of vaccines are 
highly required to mitigate the impact of the bacteria in animals. 
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1. Introduction 

Pasteurellosis is a febrile and contagious respiratory 

disease common to a large of ruminants. Clinically, 

the infection is characterized by very severe general 

symptoms [1] causing death in a few hours and most 

often associated with severe bronchopneumonia and 

enlargement of respiratory lymph nodes and systemic 

haemorrhagic and/or oedematous lesions. There have 

been several denominations for the disease, including 

enzootic pneumonia, enzootic broncho-pneumonia 

and haemorrhagic septicaemia (in young animals). 

Pasteurella spp has been recognised as the bacterium 

responsible for this infection. It belongs to the super 
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kingdom of bacteria, phylum of proteobacteria, class 

of gammaproteobacteria, pasteurellales order, family 

of Pasteurellaceae and the genus Pasteurella [2]. 

Mannheimia haemolytica and P. multocida are the 

most common etiological agents causing the disease 

characterized by high morbidity and mortality rates as 

well as severe economic losses [3-5]. 

The isolation of bacteria from blood, swabs and 

tissues of infected animals is the gold standard 

technique for diagnosis of pasteurellosis. The 

bacteriological differential diagnosis is based on 

Gram-staining, growth on blood agar and growth 

characteristics of pink to red colonies on MacConkey 

agar [6]. Moreover, hemagglutination, 

co-agglutination, counter immune-electrophoresis and 

immune-diffusion tests are also useful for 
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confirmatory diagnosis. More recently, molecular 

techniques, including pulsed field gel electrophoresis, 

southern blots and polymerase chain reaction 

(PCR)-based assays are used to differentiate between 

capsular and somatic serotypes of Pasteurella. The 

PCR techniques are most likely used in endemic areas 

and can be used with various samples or bacterial 

cultures. Recently the quantitative real time PCR 

(RT-PCR) has been developed which is highly 

sensitive, specific and rapid [7]. 

In Morocco, little, if any, is reported about the 

prevalence and economic impact of Pasteurella in 

ruminants. Thus, the aim of this work was to 

determine for the first time the importance and impact 

of Pasteurella infection in clinically ill ruminants in 

Morocco. 

2. Materials and Methods 

2.1 Sample Collection and Preparation 

A total of 162 samples were collected from 

different species of ruminants (76 bovine, seven goats 

and 79 sheep) including 121 nasal swabs from animals 

with signs of respiratory distress and 41 lung tissue 

samples from dead animals with characteristic 

respiratory macroscopic changes (congestion, edema, 

multifocal red and grey hepatisation of lungs and 

fibrin deposit on lung and pleural surfaces). The 

survey was conducted from 2015 to 2017 in six 

different regions of Morocco (Fig. 1). Lung samples 

were stored in sterile bags and nasal swabs in sterile 

gel friendly medium and were transported to 

Biopharma laboratory in appropriate conditions 

(0-4 °C) within 6 h. Lung tissues with macroscopic 

changes were sampled from 10 animals (six bovines 

and four sheep) and fixed in 10% neutral-buffered 

formalin (NBF) for histopathological investigations. 

Pre-enrichment of nasal swabs in brain heart 

infusion (BHI) broth was performed immediately after 

sample collection and proceeded for incubation     

at 37 °C overnight according to Refs. [8, 9]. Specimen 
 

 
Fig. 1  Geographical distribution of samples collected from six different regions in Morocco in this study.  
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from lungs were homogenized using an automatic 

grinder instrument (Bertin Technologies, France). The 

tissue suspensions were centrifuged at 8,000× g for 10 

min at 4 °C and were enriched in BHI overnight as 

described above. 

2.2 RT-PCR Screening  

Extraction of bacterial DNA from the overnight 

cultures (from swabs and lungs) was performed using 

the NucleoSpin Tissue Kit (Machery-Nagel, Germany) 

according to the manufacturer’s instructions. RT-PCR 

was carried out using the TaqVetTM triplex P. 

multocida & M. haemolytica Kit (Life Technologies, 

USA) following the producer recommendations. A 

total of 5 µL DNA was used in a total reaction volume 

of 20 µL. The assay was carried out on Smartcycler 

(Cepheid, USA) according to the following cycling 

profile: DNA polymerase activation 95 °C for 15 min 

followed by 45 cycles of amplification (94 °C for 1 

min and 60 °C for 1 min and 5 s).  

2.3 Bacterial Isolation 

The positive samples by the RT-PCR were 

subjected to blood agar culturing [8, 9]. The colonies 

suggestive of Pasteurella were subjected to 

Gram-staining, catalase and oxidase test and growth 

on MacConkey agar for further identification [10]. 

The molecular confirmation of Pasteurella species 

was performed using conventional PCR with specific 

primers targeting sodA gene fragment [11]. SodA gene 

encode the manganese-dependent superoxide 

dismutase (Mn-SOD); this gene has been proven to be 

a powerful target for differentiating related species 

within the Mannheimia and Pasteurella [12]. PCR 

reaction for M. haemolytica was performed in a total 

volume 25 µL containing 0.1 μM from each primer, 

10 mM dNTPs, 10 PCR buffer, 50 mM MgCl2, 5 

U/µL from Taq DNA polymerase and 5 μL from the 

isolated DNA. All reagents were supplied by 

Invitrogen. Taq DNA polymerase recombinant was 

purchased from Life Technologies, USA. The DNA 

was amplified under the following conditions in 

TC512 thermocycler (Techne, USA): a primary 

denaturation step at 94 °C for 3 min, 35 cycles using 

the following settings: initial denaturation at 94 °C for 

45 s, annealing at 64 °C for 30 s and extension at 

72 °C for 90 s, followed by 10 min at 72 °C.  

PCR assay for P. multocida was confirmed by the 

same test with specific primers of Ref. [13], it was 

performed in a total volume of 25 µL as described 

above. The cycling conditions were as follows: DNA 

polymerase activation 94 °C for 3 min followed by 30 

cycles of amplification (94 °C for 45 s, 55 °C for 30 s 

and 72 °C for 90 s) followed by 10 min at 72 °C. 

The PCR products were analysed on 2% agarose 

gel stained with Syber Safe (Invitrogen, USA). The 

DNA fragments were visualized by Omega Lum G 

instrument (Aplegen, USA). One hundred base-pair 

DNA ladder (Invitrogen, USA) was used to determine 

the size of the amplified fragments (amplicon 143, 

460 and 1,044 bp) of M. haemolytica, P. multocida 

and P. multocida serogroup A, respectively. 

2.4 Histopathological Examination 

Ten percent NBF-fixed tissues were processed for 

histopathological examination according to standard 

methods. They were dehydrated in serial baths of 

alcohol and embedded in paraffin wax. Five 

micrometers-thick sections were stained with 

hematoxylin and eosin and examined under light 

microscope for histopahological changes.  

2.5 Mice Bioassay  

Identified strains were inoculated in BHI broth and 

incubated in a shaking incubator at 100 rpm at 37 °C 

overnight. The number of colony forming unit 

(CFU/mL) of inoculum was calculated by spread plate 

method in BHI agar plates [14]. Groups of five mice 

(one-month, male, average weight of 22 g) were 

injected via the intra peritoneum. One group of mice 

was left as a control group and injected only with 

fresh BHI broth. Injected mice were observed for 24 h 
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for the fatality rates. Liver and lung samples from the 

dead mice were streaked onto sheep blood agar and 

incubated as described above for bacterial isolation. 

Furthermore, colonies were confirmed by 

conventional PCR specific for M. haemolytica [11] 

and P. multocida [13]. 

3. Results  

3.1 Screening of Pasteurella Species Using RT-PCR 

The analysis of 162 samples from different species 

(sheep, bovine and goats) by RT-PCR showed that: 67 

samples (41%) were positive, namely 51 swabs (76%) 

and 16 lungs (24%). The distribution of samples by 

species and their results are presented in Table 1.  

3.2 Bacterial Isolation and PCR Confirmation  

A positive sample by RT-PCR was further 

confirmed using classic bacteriological and 

biochemical techniques. Gram-negative, catalase (+), 

oxidase (+) and distinct pink to red colonies on 

MacConkey agar were characteristic of M. 

haemolytica.  

Confirmation of the bacterial colonies was done 

using conventional PCR. M. haemolytica was detected 

in 34 out of 67 strains examined. A total of 28 (55%) 

strains were from nasal swabs and six (38%) strains 

were from lungs (Table 2 and Fig. 2). The molecular 

identification of the 34 strains with the specific 

primers in sodA gene revealed positive amplification 

of 143 bp fragment (Fig. 2). 

Absence of bacterial growth MacConkey agar was 

characteristic of P. multocida, the confirmation was 

done using PCR gel based; nine samples (seven swabs 

and two lungs) were positive representing respectively 

14% and 13% from all samples tested (Table 2, Figs. 

3 and 4). 

3.3 Histopathological Findings 

Histopathological changes encountered in most 

lungs of examined animals included severe edema of 

the interlobular spaces and its infiltration with 

polymorphunulear (PMNs) and macrophages and fibrin 
 

Table 1  Rate of isolation of Pasteurella from different species of animals suffering from respiratory distress and/or lesions. 

Types of samples  Animals Number of samples 
Number of positive 

Number Percentage (%) 

Nasal swabs 

Sheep 75 26 35 
Goat  6 3 50 

Bovine 40 22 55 

Total 121 51 42 

Lung tissues 

Sheep 4 3 75 
Goat  1 1 100 

Bovine 36 12 33 

Total 41 16 39 

Table 2  Rate of isolation of Mannheimia haemolytica and Pasteurella multocida from different species of isolated strains.  

Types of samples  Species Number of samples 
Number of positive 
(M. haemolytica) 

Number of positive 
(P. multocida) 

Number Percentage (%) Number Percentage (%) 

Nasal swabs 

Sheep 26 11 42 4 15 
Goat  3 3 100 0 0 

Bovine 22 14 64 3 14 

Total 51 28 55 7 14 

Lung 

Sheep 3 1 33 0 0 
Goat  1 1 100 0 0 

Bovine 12 4 33 2 17 

Total 16 6 38 2 13 
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Fig. 2  Agarose gel electrophoresis showing amplification of 143 bp fragments specific for Mannheimia haemolytica. 

 

 
Fig. 3  Agarose gel electrophoresis showing amplification of 460 bp fragments specific for Pasteurella multocida. 

 

 
Fig. 4  Agarose gel electrophoresis showing amplification of 1,044 bp fragments specific for P. multocida serogroup A. 
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(a) Lung of calf-severe edema and fibrino-leucocytic infiltration 
of interlobular spaces. H & E, 10. 

(b) Lung of calf-edema and fibrino-leucocytic infiltration of 
pulmonary pleural spaces. H & E, 10. 

(c) Lung of calf-subacute leucocytic and necrotizing 
bronchopneumonia. Severe edema, hyperemia and leucocytic 
infiltrate within the lumen of alveolar spaces and bronchi and 
severe pulmonary parencymal necrosis with the presence of 
bacterial colonies (arrows). H & E, 40. 

(d) Lung of calf-subacute leucocytic bronchopneumonia. Severe 
leucocytic infiltrate within alveolar spaces and secondary 
bronchus (arrow) H & E, 100.  
 
 

(e) Lung of calf-subacute leucocytic bronchopneumonia. Severe 
leucocytic infiltrate within alveolar spaces and secondary 
bronchus (arrow) and severe pulmonary parencymal necrosis (P). 
H & E, 100.  

(f) Lung of calf-severe and diffuse leucocytic infiltrate and 
pulmonary parencymal necrosis (P) with the presence of bacterial 
colonies (arrows). H & E, 100.  
 

Fig. 5  Histopathology microphotograph from lung. 
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flames deposits (Figs. 5a and 5b). There was also a 

heavy PMNs and macrophages load of the bronchial 

lumen and alveolar spaces associated in some areas 

with multifocal and severe respiratory parenchymal 

necrosis (Figs. 5c and 5d). These changes were 

consistent with a diagnosis of very severe acute 

bronchopneumonia. In all cases, several bacterial 

colonies were identified in situ and appeared as dark 

blue granular rods (Figs. 5e and 5f). 

3.4 Mice Bioassay  

The study of pathogenicity of all Pasteurella strains 

isolated and identified showed that 26 strains caused a 

100% mortality rate in mice within 12-18 h, the other 

strains showed mortality rate greater than 60% within 

19 h and 24 h. Whereas, no mortality was recorded in 

all five mice used as control and injected with BHI 

broth culture even after 2 d post injection. 

4. Discussion 

High losses in animals with respiratory distress is 

not always associated with (primary) viral infections 

[15, 16]. M. haemolytica and P. multocida are the 

important bacteria involved in respiratory infections as 

a primary or secondary pathogen associated with high 

fatality rate in ruminants [16].  

In Morocco, scientific study data on respiratory 

diseases caused by Pasteurella are very scarce, except 

a few scattered data linked to intensive cattle breeding. 

Farmers and veterinarians often declare outbreaks of 

respiratory distress among cattle and sheep in the 

country and submission of field cases for diagnosis. 

In the present study, investigations were conducted 

in six different regions of the Kingdom of Morocco in 

breeding animals with respiratory clinical signs such 

as high fever, nasal discharge, respiratory distress, 

polypnoea and death within few days [1]. In some 

areas, 100% of the collected samples were positive for 

bacterial involved in pasteurellosis disease in    

Oujda, Benslimane and Berrchid, and a minimum of 24%  

 

positive samples were recorded in a one region 

Laarache.  

M. haemolytica was isolated and confirmed by PCR 

test in all farmes investigated. This bacteria was found 

in 34 out of 67 samples (51%). This prevalence rate is 

higher than those described by Eshetu [17] and 

Nurhusein [18] with respective prevalence rates of  

13% and 8.7%. However, P. multocida was found 

only in nine out of 67 samples (13%). PCR group and 

PCR for capsular type detection was found to be a 

rapid and sensitive method, as reported earlier by 

Townsend et al. [13] and Al-Maary et al. [19].  

From the results obtained on the confirmation assay 

gel based PCR it clearly appears that M. hemolytica  

51% is the dominant bacterium in all samples 

analysed in the six regions investigated versus P. 

multocida which represents only 13%.  

Among these, 43 strains induced a mortality rate 

greater than 50% in challenged mice. This observed 

pathogenicity rate shows that the isolated strains have 

major pathogenic power, which caused the death of 

inoculated mice in 24 h. These findings are in 

accordance with histopathological changes consisting 

of severe acute bronchopneumonia shown in lung 

tissues collected from field affected animals either 

cattle or sheep. Such tissue changes were described in 

cattle infected with these bacteria by Zecchinon et al. 

[1] and Lopez [20]. 

5. Conclusions  

This is the first study in Morocco, which reports the 

circulation of M. haemolytica in ruminants in the field. 

About 21% of samples collected from sick animals 

were positive. The bacteria were detected in samples 

obtained from six localities in Morocco indicating 

widespread epidemics. Isolates were highly 

pathogenic to mice. This study constitutes a crucial 

and a necessary step allowing preventive and 

veterinary medicine to support pasteurellosis disease 

controls in the country. 
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