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INTRODUCTION 

Respiratory tract diseases, which are common in sheep 

breeding and are caused by the interaction of host, 

environmental factors and various microorganisms are 

divided into two categories as upper and lower respiratory 

tract diseases.1,2 While diseases such as nasal myiasis, 

enzootic nasal tumors, nasal foreign bodies and rhinitis, 

which are mainly limited to the sinus, nostrils and nasal 

cavity and have a low incidence, constitute upper 

respiratory tract diseases, chronic viral diseases such as 

bacterial, viral, mycotic and parasitic pneumonias, lung 

abscesses, aspiration pneumonia, maedi-visna constitute 

lower respiratory tract infections.1,3 

Pneumonia is inflammation of the lung parenchyma tissue. 

It is clinically manifested by an increase in respiratory rate, 

changes in respiratory depth and character, coughing and 

abnormal breath sounds on auscultation.4 The most 

common types of infection in the lower respiratory tract of 

lambs are acute and chronic enzootic pneumonia. It has 

been reported that acute enzootic pneumonia is caused 

mainly by Mannheimia haemolytica, while chronic 

enzootic pneumonia is caused by various viral infection 

factors, especially M. Ovipneumoniae and especially 

Parainfluenza virus type-3 (PI-3).3,5 

Unlike steroids, which inhibit all arachidonic acid 

products, NSAIDS have a narrower anti-inflammatory 
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ABSTRACT 

Respiratory tract infections, which are common in sheep farming, involve interactions between the host's immune 

system, pathogenic microorganisms such as viruses, bacteria, parasites and environmental conditions. Respiratory 

diseases can affect sheep of any age and breed. However, acute bacterial and viral pneumonia is most common in those 

aged three to twelve months due to decreased maternal antibody titers. Although lower respiratory tract infections 

initially started as a condition caused by a single agent, many cases progress to a complex disease involving both 

bacterial and viral components, making the diagnosis of the disease complicated by the emergence of secondary 

infections. Although the inflammatory reaction that occurs in respiratory infections is part of the normal healing process, 

an extreme reaction can impair healing and severely damage the airways. It is optimal to limit the inflammatory reaction 

by removing the harmful agent, isolating the damaged tissue, and controlling this tissue. In cases of death due to acute 

pneumonia, antibiotic drugs are used to prevent further deaths and to treat the herd. It has been found that NSAIDs 

reduce the release of toxic peroxide which causes the proliferation of fibroblasts and the deposition of collagen in 

inflammatory processes associated with the respiratory tract. It had been reported that clinical findings improve more 

rapidly when NSAIDs (non-steroidal anti-inflammatory drugs) were used together with antibiotics in respiratory system 

infections. In this review, the importance of using NSAIDs in the respiratory tract infections of sheep has been 

mentioned. 
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spectrum as cyclooxygenase inhibitors. However, NSAIDs 

have a wider margin of safety that largely compensates for 

their narrower spectrum. NSAIDs act mainly to inhibit the 

biosynthesis of prostaglandins. They also inhibit kallikrein 

activity and kinin formation and also pharmacologically 

antagonize the tissue effects of kinins, prostaglandins and 

slow-reacting anaphylaxis substance (SRS-A).6 NSAIDs 

have been shown to have the ability to improve gas 

exchange in pneumonic calves under experimental 

conditions.7 There are numerous field studies showing the 

benefits of NSAID therapy in bovine respiratory diseases.8-

11 

Bacterial pneumonia 

M. haemolytica 

M. haemolytica, which forms part of the normal flora of the 

upper respiratory tract in ruminants, is a gram-negative, 

aerobic, inert and non-spore-forming rod-shaped 

bacterium. M. haemolytica, which is the main bacterial 

cause of acute pneumonic pasteurellosis and chronic 

nonprogressive pneumonia, has two biotypes, biotype A 

and biotype T. Biotype A causes septicemia in young 

lambs and pneumonia in sheep of all ages, while biotype T 

causes infections that usually affect the upper digestive 

tract and lungs in young adults.12-14 M. haemolytica has 

several virulence factors such as lipopolysaccharide (LPS), 

leukotoxin (LKT), neuraminidase, capsular polysaccharide 

and proteases.15 Each serotype of M. haemolytica produces 

a characteristic polysaccharide capsule to protect the 

organism and prevent phagocytosis by macrophages and 

polymorphonuclear leukocytes. The cell capsule is an 

important virulence factor that plays a vital role in the 

pathogenicity of pathogenic bacteria and the establishment 

of infection.16 Although the source of infection is usually 

the carrier adults, the agent can survive for a long time in 

the environment, litter and water. M. haemolytica 

infections are most common during the spring and summer 

months, particularly between May and July and more 

particularly during the autumn and winter months.3 

Clinical manifestations vary. While cough and oculonasal 

discharge are observed in mild cases, fever of 40.4-42°C, 

anorexia, hyperpnea, dyspnea, serous tear-nasal discharge, 

pathological sounds on auscultation and sudden death may 

be observed in severe cases. The clinical course of the 

disease in untreated animals usually results in death within 

12 hours, while some animals may survive for up to three 

days. In chronic cases, the disease may recur after recovery 

and growth retardation may occur in animals. The disease 

often causes septicemia with pulmonary involvement in 

lambs younger than 12 weeks of age. Morbidity in lambs 

can be up to 40%, while the mortality rate is usually 

between 5-10%.3,4,17 

Pasteurella multocida 

P. multocida, which causes pneumonic and septicemic 

pasteurellosis in sheep, is a gram-negative bacterium. 

Pasteurella species are often found as part of the normal 

flora of the oral cavity, nasopharynx and upper respiratory 

tract. Pneumonic pasteurellosis is a disease mainly seen in 

animals with weak pulmonary defense mechanisms. The 

exposure of the sheep to physical stress or unfavorable 

environmental conditions plays an important role in the 

development of the disease. Infections are more serious due 

to the fact that lambs are more sensitive to the agent. 

Infected animals show clinical signs such as high fever, 

shortness of breath, cough, foamy and runny nose.16,18 

Histophilus somni 

H. somni is a gram-negative bacterium that occurs with 

various clinical syndromes such as thrombotic 

meningoencephalitis, pleuritis, polysynovitis, arthritis, 

bronchopneumonia, septicemia, myocarditis, otitis media 

and causes a disease complex called histophylosis in cattle 

and sheep. As a result of DNA hybridization studies, H. 

somnus, H. ovis and Haemophilus agni were accepted as a 

single species, H. somni, based on the sequencing of 16S 

rRNA and rpoB genes. The sheep strain of H. somni can 

infect cattle and goats, while the cattle strain cannot infect 

sheep 3.19-21 

Bordetella parapertussis 

The B. parapertussis strain consists of two genetically 

different strains, B. parapertussis hu (Bpp hu), which 

causes infection in humans and B. parapertussis ov (Bpp 

ov), which is isolated from sheep only. Bpp hu causes 

pertussis in humans, while Bpp ov has been isolated from 

both healthy and sheep lungs with chronic nonprogressive 

pneumonia.22,23 B. parapertussis causes mild pyrexia, 

bronchopneumonia and tracheobronchitis in lambs by 

damaging alveolar macrophages and epithelial cells of 

bronchioles and alveoli. Damage to the tracheal epithelium 

caused by B. parapertussis infections may lead to 

secondary M. haemolytica infections.3,22 

Streptococcus zooepidemicus 

S. zooepidemicus is an animal pathogen that mainly affects 

horses, causing diseases in the upper respiratory tract, 

uterus, navel and wounds.24 It can cause mastitis in cows 

and septicemia in other animals such as rabbits and pigs.25 

It causes fibrinous pericarditis, fibrinous pleuritis and 

pneumonia in sheep. Common symptoms of infections 

caused by S. zooepidemicus include pyrexia, mucopurulent 

nasal discharge and shortness of breath.26 

Erysipelothrix rhusiopathiae 

E. rhusiopathiae is a gram-positive rod-shaped pathogenic 

bacterium commonly found in nature and found in 

domestic animals such as sheep, horses, cattle, chickens, 

turkeys, dogs, cats and marine animals such as crabs and 

fish.27 E. rhusiopathiae is a facultative intracellular 

pathogen and replicates in phagocytic cells. The most 

common clinical finding in sheep is polyarthritis, typically 

seen in 2-6 month old lambs. In addition, it causes 
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cutaneous infection, endocarditis, pneumonia and 

septicemia.28 

OTHER POTENTIAL BACTERIAL FACTORS 

Apart from the primary factors mentioned above in sheep, 

it has been reported to cause respiratory system infections 

in opportunistic bacteria such as Escherichia coli, 

Streptococcus spp., Klebsiella spp., Pseudomonas spp. and 

Neisseria spp./Neisseria cuniculi.3 

TREATMENT 

The basic principle in treatment is to reduce the amount and 

viscosity of secretion and facilitate its excretion. In 

addition, adequate oxygenation of the blood and carbon 

dioxide excretion should be ensured, pulmonary 

inflammation should be alleviated, infectious agents 

should be treated effectively, bronchoconstriction should 

be eliminated and supportive care should be provided for 

the transport of respiratory gases. In the treatment of 

respiratory system diseases, antitussives, antimicrobials, 

bronchodilators, diuretics, expectorants and other drugs are 

used.4,29 

The basic therapeutic strategy in the treatment of bovine 

respiratory tract infections consists of a treatment protocol 

in which an antibiotic effective against pathogens and a 

NSAIDs are used together against the harmful effects of 

inflammation.30 However, although there is no licensed 

NSAID for the treatment of respiratory system diseases in 

sheep in the world, the data obtained from the results of 

studies on infections of organs or systems other than 

respiratory system in small ruminants. There was evidence 

that the use of NSAIDs may be beneficial in respiratory 

tract infections.31 It had been determined that the use of 

NSAIDs together with antibiotics in infected animals 

eliminated free oxygen radicals, inhibited phosphorylation, 

blocked the release of kinins and proteoglycan degradation, 

and also prevented the migration and adhesion of 

neutrophils.32 

It had been shown that the application of antioxidants such 

as vitamins E and C together with antibiotics and NSAIDs 

in the treatment of respiratory tract infections of cattle 

effectively limits the development of oxidative stress and 

inflammatory process and causes an increase in resistance 

to disease.33 It had been found that vitamin E 

administration can inhibit the inflammatory process by 

inhibiting the production of proinflammatory cytokines, 

reducing the production of acute phase proteins and 

attenuating the inflammatory response of epithelial cells in 

the lungs. It was thought that the findings obtained from 

the application of antioxidants such as vitamins E and C 

may be a guide for the development of an effective 

adjuvant therapy.34 Apart from vitamins E and C, it has 

been shown that vitamin D can also be used as adjuvant 

therapy in the treatment of infection.35,36 It has been stated 

that cathelicidin synthesis was decreased in the bronchial 

epithelium in respiratory tract infections and vitamin D can 

be used to correct this situation.37 Due to the reduced feed 

consumption due to the disease, it was recommended to 

increase the protein and energy ratio in the diet of sick 

animals, as well as supplementation of vitamin A, Zn, Cu, 

Fe and I, apart from the above-mentioned vitamins.38 

Mucolytics reduce the viscosity of sputum, making it easier 

to clean sputum. It has been stated that bromhexine can 

increase the concentration of antibiotic drugs in the lung 

tissue by changing the permeability of the mucosa as well 

as improving gas exchange by reducing respiratory tract 

obstruction and persistent mucus accumulation. 

Bronchodilators may be valuable in reducing the severity 

of clinical manifestations by preventing reduced tidal 

volume caused by pulmonary edema and inflammation, 

and by increasing gas exchange in animals with pulmonary 

lesions.39 Methylxanthines, such as theophylline and 

aminophylline are effective bronchodilators in species 

other than cattle (and possibly dogs); however, these drugs 

have a relatively narrow therapeutic index and are less 

effective than b2-agonists.29 Clenbuterol, one of the β2-

agonists, can be used in horses and cattle at a dose of 0.8 

µg/kg (PO/IV/IM, BID).40  

In the experimental infection study conducted by Gilmour 

et al (1982) one group of specific pathogen-free lambs was 

administered long-acting oxytetracycline at a dose of 20 

mg/kg 24 hours before exposure to M. haemolytica via the 

aerosol route and the other group was treated with 20 

mg/kg of long-acting oxytetracycline and compared with 

similarly infected but untreated lambs. It was determined 

that the symptoms of pneumonia and lamb deaths were 

delayed in the lambs treated with the drug before the 

exposure and the lung lesions detected in the lambs in the 

treated group after the infection were significantly less than 

in the untreated lambs. As a result of the study, it had been 

shown that oxytetracycline application is effective in M. 

haemolytica infections and better results are obtained when 

applied after infection.41 

In a field study conducted in England by Sarginson et al 

(1995), an epidemic that caused the death of 8 lambs within 

a period of 1 week in a herd of 188 lambs at 5 weeks of age 

and was thought to be septicemic pasteurellosis, half of the 

lambs were administered subcutaneously with a single 

dose of 10 mg/kg tilmicosin and the other half was 

administered intramuscularly as a single dose of 20 mg/kg 

dose of oxytetracycline was administered. It was 

determined that clinical improvement occurred within 2 

days in both lamb groups and there was a rapid increase in 

daily live weight gains.42 The most commonly used 

antibiotic for the treatment of pasteurellosis is 

oxytetracycline administered by slow intravenous injection 

at a dose of 10 mg/kg. Following this initial administration, 

intramuscular administration at a dose of 10 mg/kg for 3 to 

4 consecutive days or a single dose of 20 mg/kg long-acting 

oxytetracycline has been reported to be effective. 

Tilmicosin (5-10 mg/kg, SC, single dose), florfenicol (20 

mg/kg, IM, 2 times with 48 hours intervals), danofloxacin 

(6 mg/kg, SC). It has been shown that licensed 
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antimicrobial drugs such as single dose) can also be 

effective in sheep.31,43,44 

PROTECTION 

Pneumonia in sheep of all ages was largely caused by the 

combination of infectious agents, unsuitable physical 

environment and physiological stress. For the prevention 

and control of respiratory system diseases of sheep, the 

barns should be adequately ventilated and wet and windy 

places that cause stress should be avoided. Young and adult 

animals should not be kept in the same area, animals should 

be grouped according to age, size and origin. The animals 

that will join the herd must be quarantined.3,31 

There are different reports on the protection of vaccination 

against factors causing respiratory system diseases in 

sheep. It has been reported that the PI-3 vaccine does not 

provide adequate protection and does not lead to a 

significant decrease in the incidence of pneumonia. It was 

stated that M. haemolytica may not provide sufficient 

protection against infections caused by serotypes that are 

not included in the vaccine due to the presence of a wide 

variety of serotypes. Vaccination of ewes against 

pneumonia caused by M. haemolytica four to six weeks 

before lambing ensured that lambs acquire antibody 

protection from colostrum for the first three to four weeks 

of life. Vaccination was not recommended before the age 

of three weeks as colostral antibodies affect active immune 

development. It was recommended to administer the 

second dose 4 to 6 weeks after the first vaccination at the 

age of three weeks, when the risk of disease increased and 

to repeat the vaccination every six or twelve months, 

depending on the presence of risk factors for the 

disease.3,31,45-47 

Although its effectiveness against respiratory system 

infections in sheep has not been proven, long-acting 

metaphylactic antibiotics such as oxytetracycline and 

tilmicosin can be applied.31 

NSAIDs 

NSAIDs are drugs with analgesic, antipyretic and anti-

inflammatory effects. The term non-steroid is used to 

distinguish these drugs from steroids with similar effects. 

NSAIDs targeting central and peripheral pain mediators 

are widely used in veterinary medicine as well as human 

medicine. With the introduction of new NSAIDs since the 

1990s, their use in veterinary practice has increased 

significantly.48,49 NSAIDs act by inhibiting the action of 

cyclooxygenase (COX) enzyme responsible for the 

synthesis of prostaglandins, which play a role in 

inflammation, fever and pain in the body.50,51 

COX enzyme 

It has been shown that there are two different isoforms: 

constitutive (COX-1) and inducible (COX-2). COX-1 is 

found in most cells and tissues including vascular 

endothelium, monocytes, gastrointestinal epithelial cells 

and platelets. COX-1 isoenzyme plays an important role in 

many physiological events such as protection of gastric 

mucosa and regulation of renal blood flow through 

prostaglandin E2 and prostaglandin I2 and platelet 

aggregation through thromboxane A2. In contrast, COX-2 

is found constitutively in only a few tissues such as nerve, 

reproductive and kidney. It is an enzyme that is induced in 

tissues in inflammatory reactions. It takes part in the 

production of prostaglandins that cause inflammation, 

fever and pain.49,52-54 

Inflammatory stimuli cause arachidonic acid formation 

from phospholipids in the cell membrane via the 

phospholipase A2 enzyme. Arachidonic acid, a 20-carbon 

unsaturated fatty acid is the source of all eicosanoids 

(prostanoids). Arachidonic acid is first converted to 

prostaglandin (PG) G2 and then to PGH2 by COX 

isoenzymes, then PGD2, PGE2, PGF2α, PGI2 

(prostacyclin) and thromboxane A2 (TXA2) are produced 

by a series of sequential reactions. NSAIDs inhibit the 

COX isoenzyme, reducing the synthesis of these COX 

products that mediate inflammation. Glucocorticoids with 

stronger anti-inflammatory effects, on the other hand, have 

an inhibitory effect on the phospholipase A2 enzyme, 

reducing the synthesis of not only cyclooxygenase 

products, but also lipoxygenase products.51-53,55 

Due to their weak acidic chemical structure, NSAIDs are 

well absorbed following oral administration. They are 

highly bound to plasma proteins and the amount of free 

drug is relatively low. Because it is the free fraction of the 

drug that is of therapeutic importance, careful adjustment 

of dosage is required in animals with abnormal serum 

albumin concentrations. Toxicity may occur when 

hypoalbuminemic animals are given the usual dose, but 

this is often not a problem as the free fraction of the drug 

is rapidly metabolized or excreted. Most of the drugs in this 

group are metabolized in the liver and excreted by the 

kidneys through the urine. Significant dose reductions may 

be required in both pediatric and geriatric animals due to 

age-related differences in distribution volumes and 

metabolisms.50,56 

Use of NSAIDs in respiratory tract infections 

In respiratory infections, leukocytes collect in the lungs, 

helping to remove invading organisms through phagocytic 

clearance. However, in some cases, the normal 

inflammatory response can be destructive as well as 

defensive. Acute respiratory infections, regardless of 

location are histologically characterized by protein 

exudation, proteinaceous eruptions and a large number of 

neutrophils. Although neutrophil influx is part of the host's 

natural defense against an invading organism, it has 

recently led to the view that neutrophils can have 

devastating effects on pulmonary cells and interstitial 

tissues. The source of this destructive potential is 

neutrophil elastase, a proteolytic enzyme synthesized in 

azurophil granules. It has been determined that this enzyme 
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scrapes the bronchial epithelium, reduces ciliary pulsation, 

stimulates excessive mucus secretion, causes mucus 

retention, bacterial proliferation and recurrent infections. 

Neutrophil elastase also stimulates epithelial cell 

interleukin-8 secretion and produces other chemoattractant 

cleavage products leading to greater neutrophil uptake. It 

also impairs host defense by damaging the main 

opsonophagocytic receptor on neutrophils and weakening 

the efficacy of immunoglobulins. Although the 

inflammatory reaction that occurs in respiratory infections 

is part of the normal healing process, excessive reaction 

can impair healing and seriously damage the respiratory 

tract. It is most appropriate to limit the inflammatory 

reaction by eliminating the harmful agent, isolating the 

damaged tissue and controlling this tissue.57-59 

During inflammatory reactions, the activity of the COX-1 

enzyme, which is a structural enzyme, increases 2-3 times, 

while the activity of the inducible form of COX-2 enzyme 

can increase more than 20 times. Endotoxins are the most 

potent inducers of COX-2 synthesis in monocytes and 

alveolar macrophages. Also, proinflammatory cytokines 

such as IFN and tumor necrosis factor (TNF) can induce 

COX-2 in macrophages and IL-1 in endothelial cells.60 

TNF stimulates the production of PGE2 with its 

collagenase activity and is responsible for the destruction 

and restructuring of connective tissue in inflammatory 

reactions. In addition, it has been determined that TNF 

exerts a proinflammatory effect through the induction of 

COX-2 activity and prostanoid synthesis.61-63 NSAIDs 

have been found to reduce the release of toxic peroxide in 

respiratory-related inflammatory processes, causing the 

proliferation of fibroblasts and the accumulation of 

collagen, as well as to inhibit the increase of nitric oxide 

synthase production in lung macrophages, weakening the 

destructive effect of these cells on the bronchial mucosa. 

The antitoxic activity of NSAIDs is based on inhibition of 

malondialdehyde (MDA) production.32 

It has been shown that NSAIDs can affect cytokine 

production and exert some anti-inflammatory effects by 

suppressing monocyte/macrophage-derived inflammatory 

mediators. For example, aspirin has been found to inhibit 

TNF production in mouse macrophages.64 In the study 

conducted by Bednarek et al (2003) on calves with enzootic 

bronchopneumonia, three equal groups were formed and 

oxytetracycline and meloxicam were administered to the 

first group, oxytetracycline and flumethasone to the second 

group, and only oxytetracycline to the third group 

(control). It was found that the animals in the first group 

performed significantly faster with improvement and a 

faster normalization in the clinical disease index score 

(cough, runny nose, dyspnea, depression and anorexia) 

compared to the other groups.9 

CONCLUSION 

In the etiology of respiratory tract infections that are 

common in sheep, besides multiple infectious factors such 

as bacteria, viruses, mycoplasmas and parasites, 

environmental factors such as weakening of the host's 

defense system, improper ventilation conditions, stress, 

poor care and feeding conditions. Respiratory diseases 

cause serious financial losses for sheep producers due to 

low live weight gain and death. Disease is also an important 

issue for animal welfare. The severity of respiratory tract 

infections correlated with high eicosanoid concentrations. 

In the studies, it has been reported that clinical findings 

improve faster when an NSAIDs drug is administered 

together with antibiotic treatment in respiratory tract 

infections. There are not a NSAID licensed for use in sheep 

in the EU, although there are NSAIDs approved for use in 

painful and inflammatory conditions in sheep in Canada, 

New Zealand and Australia. In this case, it is possible to 

use proprietary products for other food-producing species 

(cattle) by paying attention to the withdrawal period to 

prevent residue formation. 
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