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Abstract 

Background: Pneumonia in sheep is a complicated multicausal disease which affects the respiratory 

system causing increased morbidity and herd mortality rate. The members of Pasteurellaceae family are 

one of the prime causes of bacterial pneumonia in ruminants. Once infected by these organisms, 

antimicrobial therapy becomes obligatory. In Bangladesh, causation of pneumonic pasteurellosis and their 

antibiogram is unknown in sheep which insists the veterinarians to choose empirical antimicrobial therapy. 

Objectives: This study was undertaken to identify multidrug resistant Pasteurella multocida and 

Mannheimia hemolytica in sheep suspected with pneumonia. Methodology: The samples of nasal swab 

and the lungs were collected aseptically. After overnight incubation in Brain Heart Infusion broth, the 

samples were streaked onto 5.0% sheep Blood Agar to obtain pure colony with characteristic features 

which were subjected to biochemical tests, polymerase chain reaction (PCR), and antibiogram study 

against eight antibiotics. Results: A total number of 140 samples were collected of which 120 nasal swabs 

and 20 lungs were collected aseptically. In total, 16.7% pneumonia cases in sheep were found to be caused 

by Pasteurella species. Out of 140 samples, 43.57% (61/140) were positive for Mannheimia hemolytica 

(68.85%) and 19.67% for Pasteurella multocida. The mixed infection by both organisms was 11.48%. The 

Mannheimia hemolytica (MH) was predominant in lungs (100.0%) and nasal swab samples (18.3%) than 

Pasteurella multocida (PM) which were 15% and 7.5% respectively. All the isolates were found to be 

multi-drug resistant where resistance against Penicillin and Ampicillin was 100% for all isolates. The 

resistance of Mannheimia hemolytica and Pasteurella multocida towards sulfonamide, ceftriaxone, 

oxytetracycline, gentamicin, and streptomycin were 63.33%, 49.44%, 44.44%. 16.67%, 11.11% and 

78.22%, 45.46%, 45.45%, 36.36%, 27.27% respectively. Among all antibiotics tested, Chloramphenicol 

stands out to be the most effective one (100% sensitive). Conclusion: This study states the first molecular 

identification of Mannheimia hemolytica and Pasteurella multocida from sheep suspected with pneumonia 

in Bangladesh and their antibiogram pattern against commonly prescribed antimicrobials. Due to their 

commensalism nature and wide host coverage, these MDR pathogens warrant judicious use of antibiotics 

in small ruminants to reduce veterinary public health hazard. [Bangladesh Journal of Infectious Diseases, 

June 2023;10(1):16-23]  
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Introduction 

Livestock is one of the most significant accelerators 

needed for the growing economy of Bangladesh. 

The contribution of livestock sub sector to Gross 

Domestic Product (GDP) is 1.47% (constant price) 

while in total it shares 3.46% directly in agriculture 

sector1. Sheep, comprising of 6.61% of total 

ruminants, is a promising climate resilient livestock 

in Bangladesh due to its multifunctionality (meat, 

milk, skin, wool, and manure), increased disease 

resistance, well adaptability in resource limited 

livelihood, and docile animal able to bi-annual 

lambing with multiple births2. Amidst of limited 

variants of livestock and poultry population in 

Bangladesh, these 3.752 million thriving sheep 

populations play a significant role in meeting 

overall meat demand in the country. Besides the 

increased growth rate of sheep population (19.37%) 

compared to goat (5.92%) over the last 10 years is 

an indication to become a booming small ruminant 

livestock industry in recent future. There are 

different well defined native sheep breeds namely 

Coastal, Barind and Jamuna River Basin currently 

reared by backyard farmer in Bangladesh which 

also have the potentiality for commercial 

production3. But sustainable disease management 

approach is a prerequisite for the profitability of 

livestock farming. Besides this era of one health 

urges the veterinary practitioner to check any 

zoonotic disease to secure veterinary public health4.  

The wide variety of infectious and non-infectious 

diseases in livestock population is a great concern 

for veterinary public health practitioner due to their 

multi-species and zoonotic nature. Among them, 

sheep suffer mostly from gastrointestinal (25.11%) 

and reproductive diseases (20.52%) whereas 

multiple systems, respiratory, metabolic, udder, and 

nervous system account for 8.98%, 7.60%, 6.22%, 

5.99%, and 5.06% respectively5. Out of 7.60% 

respiratory diseases, Ovine infectious respiratory 

diseases (OIRD) produce a serious economic 

impact upon the sheep industry by increasing 

mortality, limiting growth rate and increased culling 

rate of the superior animals6. Though the majority 

of the OIRDs are multicausal, combining adverse 

climate and stress that favor microbial growth7, 

77.6% of bacteria harboring the respiratory tract of 

apparently healthy sheep playing a vital role in 

producing the infection8.  

Pneumonic pasteurellosis (PP) is a common OIRD 

of sheep caused principally by bacteria Mannheimia 

hemolytica (MH) and Pasteurella multocida (PM)9. 

These bacteria come out of their commensal state 

when antimicrobial barrier of the respiratory tract is 

lost and once they enter into the lungs, they become 

opportunistic and infective 7. The acute signs are 

typically fever, listlessness, anorexia, and sudden 

death. The recovered animals either become 

vulnerable to other infection or chronically affected 

throughout their life showing decreased lung 

capacity and weight gain efficiency leading to 

sporadic death7. The common signs and symptoms 

of this infection is acute fever, respiratory distress, 

drowsiness, anorexia, and death9. Recovery of the 

animal mainly depends on initiating early treatment 

with sensitive antibiotics along with other drugs. 

These bacteria are gram negative and usually 

sensitive to penicillin, tetracycline, and 

chloramphenicol. In Bangladesh, veterinarians 

usually prefer oxytetracycline, gentamicin, 

amoxicillin, streptomycin, penicillin, ampicillin, 

ceftriaxone (personal communication) for 

respiratory tract infection of ruminants as an 

empirical therapy. Due to the increased 

antimicrobial resistance, most of the commonly 

used antibiotics are becoming ineffective against 

these bacterial infections.  

Traditional bacterial culture-based method is 

performed to identify sensitivity pattern of bacteria 

against available antibiotics10. As this is a time-

consuming method requiring appropriate 

standardization, veterinarians tend to prescribe 

empirical antibiotics for symptomatic infections. 

Such approach may lead to treatment failure, 

extended dosage regimen and increased treatment 

cost11. As culture-antibiogram laboratory activity in 

livestock sector is a critically troublesome due to 

limited facility and trained manpower, a 

representative sampling of an individual disease 

identifying prime causal agents and their 

antibiogram pattern would reasonably help 

veterinarians to choose right antimicrobials during 

treatment. To the best of our knowledge, there is no 

study regarding molecular identification of causal 

agent of PP in Sheep and their antibiotic sensitivity 

in Bangladesh. Hence, this present study was 

undertaken for isolation, identification, and 

antibiotic susceptibility pattern identification of 

causal agents of PP in suspected population of 

sheep concentrated areas in Bangladesh.  

Methodology 

Ethical Consideration: The live animals were 

handled by trained veterinary attendant for 

collecting samples humanely. The dead animals 

were necropsied and disposed by registered 

veterinarians at Government facilities. Ethical 

consent was taken from Bangladesh Livestock 

Research Institute Research Ethics review 
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committee. All the procedures were performed as 

per Indian national science academy: Guidelines for 

care and use of animals in scientific research12.  

Research Area: The study was conducted in the 

selected six sheep concentrated areas of Bangladesh 

namely Noakhali (Boshurhat), Nikhongchori 

(Sadar), Tangail (Sadar), Faridpur (Vanga), 

Rajshahi (Godagari) and Savar (Dhamrai). 

Study Animals: The sheep showing the signs of 

high fever (104-105°C), coughing, sneezing, 

lethargy, dyspnea, serous or mucopurulent oculo-

nasal discharge was selected for sampling 

irrespective of age, sex, breed, body condition 

score, and vaccination status9. The lungs of 

slaughtered sheep was visually inspected for 

hemorrhagic inflamed area with sharp demarcation 

or consolidation to be sampled as pneumonic 

lungs13.  

Research Design: A cross-sectional study was 

undertaken from June to December 2021 from 

study areas where suspected ovine pneumonic cases 

were selected for sample collection. The 

convenience sampling method was followed due to 

research specificity14. The nasal swabs from live 

animal and affected lung tissue samples were taken 

from dead animals slaughtered at adjacent 

Government Veterinary Hospital. The sample size 

varied according to the availability of disease of 

interest at a given time for a selected place. In total, 

140 samples were taken (120 nasal swabs and 20 

lung samples) from the selected site. 

Sample Collection: The periphery of nares was 

decontaminated by 70% alcohol and a sterile cotton 

swab was inserted into the nostril rotating 360° 

against the wall of nasal cavity followed by 

placement in a sterile test tube containing 3 ml of 

Brain Heart Infusion (BHI) broth (Oxoid, UK)15. 

The affected lung was incised at the lesion site with 

sterile surgical blade and sample was taken from 

inner surface using a sterile cotton swab that was 

packed in similar manner as nasal swab16. All the 

samples were immediately placed in a cool box 

containing ice pack and transported to the Small 

Ruminant Research Laboratory, BLRI for further 

processing.  

Isolation and Identification of Bacteria: The 

isolation and identification process were performed 

as directed by the Hardy Diagnostics, Santa Maria, 

CA, USA through following steps16.   

Firstly, the samples pre-enriched with tryptone soya 

broth were incubated for 24 hrs. at 37°C for 

observation of turbidity and then a loopful of the 

broth was streaked in blood agar-based petri-plate 

supplemented with 5% sheep blood incubating 

aerobically for 24 hours at 37°C.  

Secondly. the gram’s staining was performed with 

typical colonies from cultured positive plates to 

study cellular morphology while sub-culturing was 

performed in case of mixed and gram-negative 

bacteria on both blood and MacConkey agar for 

further analysis. The typical colonies were 

characterized by the presence and the type of 

hemolysis, colony morphology, shape, size, color, 

and consistency, and ability to ferment lactose17.  

Thirdly, single colonies of pure culture from both 

agars were transferred on nutrient agar-slants for 

preservation and subjected to a series of primary 

biochemical tests (catalase: Hydrogen peroxide, 

Fisher Chemical, UK, oxidase: TM 

phenylenediamine dihydrochloride, Merck Co., 

Germany, fermentative/oxidative: OF Basal 

Medium, Titan Biotech Ltd, India).  

Final species level identification was performed by 

secondary test that includes metabolism of sugars 

(glucose and L-arabinose) and alcohol  production 

of end products like indole test following the 

standard protocol18. The biochemical properties of 

the bacteria were assayed according to Mac 

Faddin’s method19. 

Species Confirmation by PCR: The bacterial 

DNA was extracted from pure colony following 

manufacturer’s protocol (Qiagen, Hilden, 

Germany). The extracted DNA was quantified 

using Nano Drop 2000 (Thermo Scientific, 

Waltham, USA) and quality assessed on 0.8% 

agarose gel electrophoresis.  

An amount of 100 ng/µl extracted DNA was used 

as template in PCR mixture of 25 µl that contained 

1× hotstart Taq plus master mix (Thermo scientific) 

and 0.5 µl & 0.3 µl of Pasteurella multocida and 

Mannheimia haemolytica primers respectively. 

Using mastercycler (Eppendorf Ltd., Mississauga, 

Canada), PCR amplification was performed 

following initial denaturation at 95°C for 5 min 

ensuing 30 cycles of 94°C for 30s, annealing at 

56°C for 1 min, extension 72°C for 1 min, and final 

extension at 72°C for 8 min20. Using 1.5% agarose 

gel, the PCR products were analyzed through 

electrophoresis. The species-specific primers were 

used to detect Mannheimia haemolytica and P 
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multocida targeting 16S rRNA20 and KMT121 gene respectively (Table 1).  

Table 1: List of Primers for Species Identification 

SL Primer Set Sequence (5/ - 3/) Gene 

Target 

Amplicon 

(BP) 

Reference 

M hemolytica 

1 16S (F)GCTAACTCCGTGCCAGCAG 

(R)CGTGGACTACCAGGGTATCTAAC 

16S 

rRNA 

304 20 

P multocida 

2 KMT1T7 

KMT1SP6 

(F)ATCCGCTATTTACCCAGTGG 

(R)GCTGTAAACGAACTCGCC 

KMT1 460 21 

Antimicrobial Susceptibility Testing (AST): The 

PCR positive isolates were used for in vitro AST by 

following Kirby–Bauer disk diffusion method as 

per Clinical and Laboratory Standards Institute 

(CLSI) with quality control organism as 

Escherichia coli ATCC 25922 22. The eight 

antibiotic discs were selected based on the 

prescription pattern of the veterinarians against 

pneumonic cases which are penicillin (10 IU), 

ampicillin (10 mcg), streptomycin (10 mcg), 

tetracycline (30 mcg), oxytetracycline (30 mcg), 

gentamicin (10 mcg), sulfonamide (300 mcg), 

chloramphenicol (30 mcg), and ceftriaxone (30 

mcg) (Liofilchem, Italy). 

Statistical Analysis: The data were analyzed 

through Microsoft Excel Data Analysis Toolkit 

(Microsoft Office 2021). Quantitative data were 

expressed as percentage, mean ±standard deviation, 

and P value was obtained through Paired T Test.  

Results 

Cultural and Biochemical Characteristics of the 

Bacteria: The isolates were primarily identified 

according to cultural characteristics where beta 

hemolysis and growth on McConkey agar was 

positive for Mannheimia hemolytica and negative 

for Pasteurella multocida. A series of biochemical 

tests revealed Mannheimia hemolytica positive in 

catalase and oxidase whereas negative in indole, 

urease, citrate, methyl red, lactose, and arabinose 

fermentation. The isolates showing opposite 

chrematistics were supposed as Pasteurella 

multocida. Both of the isolates fermented glucose, 

sucrose, and sorbitol. 

Molecular Identification: The positive percentage 

of OPP was found to be the highest in Noakhali 

Sadar 21.31 % (13/61) and lowest in Faridpur 

Vanga 11.48 (7/61) (Table 2).  

Table 2: Area -wise Positive Isolate Percentage  

Sampling Place Total Positive 

Isolate 

Godagari, Rajshahi 30 12(19.7%) 

Vanga, Faridpur 20 7(11.5%)  

Sadar, Tangail 20 9(14.6%)  

Dhamrai, Savar 30 10(16.4%)  

Sadar, Noakhali 25 13(21.3%)  

Sadar, Nikhongchori 15 10(16.4%)  

Mean±SD 16.67±3.5 

Species Specific PCR: Out of the 61 samples grew 

on blood agar, Mannheimia hemolytica was 

confirmed to be predominant (42/61, 68.85%) in 

ovine pneumonic pasteurellosis (OPP) cases in the 

study area followed by Pasteurella multocida 

(12/61, 19.67%), and both organisms (7/61, 

11.48%) by PCR. The samples collected from nasal 

cavity were predominantly positive for Mannheimia 

hemolytica 18.3% (22/120), followed by 

Pasteurella multocida 7.5% (9/120) and both 

organisms 3.3% (4/120). The lung samples were 

positive towards Mannheimia hemolytica 100.0% 

(20/20), followed by Pasteurella multocida 15.0% 

(3/20) and both organisms 15.0% (3/20) (Table 3).  

Table 3: Species Specific PCR Positive Isolates from Different Sample Types 

Sample Types Total Sample P multocida M hemolytica* Mixed Infection* 

Nasal Swab 120  9 (7.5%) 22 (18.3%)  4 (3.3%) 

Lung Tissue 20 3 (15.0%) 20 (100.0%)  3 (15.0%) 

Total 140 12 42 7 

*Significant at 5% level 
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Figure I: Left to Right: PCR amplification for Pasteurella multocida. lane 2,3,5,6 (460bp) with lane 1 

and 4 positive and negative control respectively. PCR amplification for Mannhaimia hemolytica, lane 

3-7 (304bp) with lane 1 and 2 positive and negative control respectively. 100bp ladder in both case 

 

Figure II: Left to Right: Antimicrobial Sensitivity Pattern of P multocida and M hemolytica 
 

In vitro Antimicrobial Sensitivity Test: All the 

isolates were found to be multi-drug resistant to 

eight antibiotics tested. Only Chloramphenicol 

(100.0%) was the most effective antibiotics. 

Penicillin and Ampicillin were ineffective (100% 

resistant) drugs against both isolates. Apart from 

that, Pasteurella multocida and Mannheimia 

hemolytica showed the highest sensitivity towards 

sulfonamide, 78.22% and 63.33% respectively. The 

sensitivity towards ceftriaxone, and OTC of 

Pasteurella multocida was almost the same, 45.46% 

while 36.36% to gentamicin. About 72.23% 

Pasteurella multocida isolates were resistant to 

streptomycin (72.73%). In case of Mannheimia 

hemolytica, gentamicin and ceftriaxone were more 

sensitive (49.44% and 44.44% respectively) than 

OTC and streptomycin (83.33% and 72.22% 

resistant respectively) (Figure II). 

Discussion 

Small ruminants, goat and sheep, are the major 

source of income for livestock farmers in 

Bangladesh. They often suffer from various 

respiratory diseases and eventually death causing  

 

huge capital loss. Respiratory diseases in livestock 

and poultry are multifactorial in nature where 

environmental factors and physiological status play 

vital role in favoring the disease. Bacterial 

respiratory infections caused by genus Pasteurella 

is well documented in small ruminants8. However, 

there is variation in species level infection 

prevalence. This study identified Mannheimia 

hemolytica 30.0% (42/140) rather than Pasteurella 

multocida 8.6% (12/140) as the prime causes of 

pneumonic pasteurellosis in sheep which is 

consistent with other studies. A study in India found 

that Mannheimia hemolytica was 55.3% whereas 

Pasteurella multocida was 7.9% in affected lungs 

of sheep. Such predomination of Mannheimia 

hemolytica species was also observed in nasal swab 

samples20. Another similar research was conducted 

in Ethiopia where 25.0% Pasteurella species were 

found where Mannheimia hemolytica was 87.5% 

and Pasteurella multocida was 12.5% in apparently 

healthy sheep23. A study on Bighorn sheep in USA 

indicated that beta hemolytic pattern was 

predominant in respiratory infection in adult sheep 

but no such correlation was found in case of lamb 
24. Similarly, a random sampling from veterinary 
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clinics in Ethiopia confirmed all the lung samples 

positive for Mannheimia hemolytica and 

Pasteurella multocida but only 18.3% and 7.5% 

nasal swab samples respectively. Evidence of 

Pasteurella multocida causing pneumonic 

pasteurellosis in sheep is lesser than Mannheimia 

hemolytica nevertheless their strong association in 

occurring lamb pneumonia25. The difference of 

positive case percentages might vary due to the 

types of collected samples. Apparently healthy, 

suspected, and diseased) and other unknown 

reasons. However, the variation in disease 

occurrence couldn’t be justified due to the lack of 

epidemiological data in these mentioned studies.  

The choice of antimicrobials is crucial due to the 

increased wide spread antimicrobial resistance 

narrowing down the effective antimicrobial 

spectrum. Despite not as highlighted as other 

bacteria, Mannheimia hemolytica and PM isolated 

from sheep and goat are gaining attention due to 

their rising antimicrobial resistance behavior in 

recent years26. In this study, Chloramphenicol was 

the only drug that was 100% sensitive to the both 

isolates followed by Sulfonamide 78.22, 63.33 to 

Pasteurella multocida and Mannheimia hemolytica 

respectively. These findings are corroborated by 

other studies performed in similar context 20 23. Use 

of sulfonamide in livestock is less practiced in 

Bangladesh due to its bactericidal impact on gut 

microbiota which are vital for healthy ruminants. 

On the other hand, chloramphenicol is not used in 

food animals.  

Hence, these drugs remain sensitive to an optimum 

level towards Pasteurella multocida and 

Mannheimia hemolytica. While investigating 

respiratory tract infection of sheep, florfenicol was 

found to be 100% sensitive like chloramphenicol 

elsewhere 27. The use of chloramphenicol in food 

animal is prohibited by many developed countries 

whereas florfenicol could be an effective alternative 

treating pneumonic pasteurellosis in sheep. Besides, 

injectable sulfonamides can also be practiced where 

drug resistance becomes evident. The 

oxytetracycline (OTC) was found to be sensitive in 

Pasteurella multocida (45.45%) than in 

Mannheimia hemolytica (16.67%) but much higher 

sensitivity was revealed in another study which is 

83.9% and 87.5% respectively23. While ceftriaxone 

is ~45% sensitive towards both isolates, gentamicin 

is 49.44% sensitive towards Mannheimia 

hemolytica that gives it upper hand as the drug of 

choice in clinical cases by Mannheimia hemolytica 

though the isolates of Ethiopia were 100.0% 

resistant towards gentamicin. The two most 

important drugs, OTC and Streptomycin showed 

the lowest sensitivity, 16.7% and 11.1%, towards 

Mannheimia hemolytica isolates while streptomycin 

proved to be 27.3% sensitive to Pasteurella 

multocida isolates. While the resistance percentage 

of streptomycin was similar to one in Ethiopia but 

widely different from another study in India. The 

two drugs, Ampicillin and Penicillin, were proved 

to be 100% ineffective against both isolates which 

was supported by studies mentioned above with a 

small percentage of sensitivity shown in study of 

India. 

To the best of our knowledge, molecular 

investigation of Pasteurella multocida and 

Mannheimia hemolytica in sheep and their 

antibiogram study is first conducted in Bangladesh. 

Besides this is the first report of molecular 

identification of Mannheimia hemolytica in animals 

in Bangladesh. The earlier researches regarding 

Pasteurella multocida in domestic animal were only 

performed to detect the causal agent of 

Hemorrhagic septicemia (cattle and buffalo), 

pneumonic pasteurellosis in goat, and fowl cholera 

in Chicken282629. According to our study, the use of 

sulfonamide, ceftriaxone, and gentamicin can be 

considered for pneumonic pasteurellosis cases in 

sheep and more sensitive antibiotics 

uncontradictory to public health should be explored.  

Besides, other antimicrobial options like phage 

therapy, nanoparticles, or plant bioactive 

compounds can also be explored303132. Moreover, 

elucidation of mechanism of AMR and transmission 

of Antimicrobial Resistant Genes (ARGs) of 

Pasteurella multocida and Mannheimia hemolytica 

should be studied further for taking effective 

mitigation approach. As these two bacteria are 

commensal organisms, their impact in harboring 

ARGs and subsequent transmission can aggravate 

the scenario highlighted in this study. It is best to 

consider prevention of this disease through 

mitigating risk factors and following strict 

biosecurity and vaccination by using vaccines 

produced from local species-specific bacterial 

isolates33. 

Conclusion 

This is the first study to report Pasteurella 

multocida and Mannheimia hemolytica in sheep of 

Bangladesh. It was revealed that both organisms 

associated with pneumonia are multidrug resistant 

that creates difficulty for veterinarians to treat the 

disease efficiently. The most effective drug was 

found to be chloramphenicol, sulfonamide whereas 

moderate level of sensitivity was found towards 

ceftriaxone, oxytetracycline, and gentamicin. As the 



MDR Pasteurellosis in Sheep Bangladesh       Zihadi et al 

Bangladesh J Infect Dis   22              June 2023│ Volume 10│Number 1 

use of chloramphenicol in food animal is 

prohibited, florfenicol can be considered as good 

choice. The drug streptomycin has the lowest 

sensitivity while ampicillin and penicillin remain 

completely ineffective. However, more robust 

antimicrobial panels should be considered along 

with Minimum Inhibitory Concentration 

breakpoints to specify the antimicrobial regimens 

for future study. For that, CLSI and EUCAST 

should include more relevant drugs’ breakpoints for 

these two organisms. While considering vaccine 

seed production for pneumonia cases in ruminants, 

multicausality of the nature of disease must be 

noted.  
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