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				ABSTRACT: This review was designed for focusing on cellulitis condition in broiler chickens regarding causes, clinical picture, and prevention measures of this condition. Cellulitis is an acute diffuse inflammation of subcutaneous tissues and muscles especially on the skin of thighs and abdomen. This condition is more common in broilers than others and it is usually associated with economic losses. At processing, low grade chicken carcasses and high incidences of condemnation are the sequels of cellulitis. Skin integrity, stocking density, and litter conditions are predisposing factors for induction of cellulitis. However, other infectious bacterial and immunosuppressive viral pathogens are associated with cellulitis. Affected birds display areas of yellow skin along with a plaque of pus underneath the skin and the underlying muscles show hemorrhages. Presence of caseous, yellowish to green, dark red, or brown fetid gangrenous exudate could also be observed in the advanced cellulitis cases. Prevention and control of cellulitis are based on application of hygienic practices, vaccination, antibiotic therapy, genetic selection, and nutrition. 
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	INTRODUCTION  

	 

	Skin affection is one of the main reasons for broiler carcass condemnation in slaughterhouses (Bergmann et al., 1995). Cellulitis is a skin affection which was described for the first time in Great Britain as necrotic dermatitis, inflammatory process, or infectious process (Randall et al., 1984). Since that time, cellulitis has been established as condemnation category in North America. It can be referred as a consequence of overpopulation and poor flock hygiene rather than a specific disease (Glünder, 1990). From the dermato-pathological point of view, cellulitis can be defined as an acute diffuse and suppurative inflammation of the deep subcutaneous tissues and sometimes the muscles especially on skin of thighs and abdomen (Ghanbarpour et al., 2010). This condition leads to an asymmetrical change of skin texture with uneven discoloration. 

	[image: Image]Avian cellulitis is a serious problem that has a great economic influence on broiler production system. Cellulitis induces down grading and carcass condemnation at processing with high labor costs to process affected flocks (Salines et al., 2017; Radwan et al., 2018; Silva et al., 2021; Schulze Bernd et al., 2022). Aguiar et al. (2020) noted that cellulitis is one of the most important causes of carcass rejection in slaughter plants. Low grade and rejected carcasses associated with cellulitis have been estimated to cost $30 million to $40 million annually (Norton, 1997). In Germany, the total condemnation ratio was 1.4%, while condemnation due to cellulitis was 0.52%, representing 36.77% of all condemnations (Schulze Bernd et al., 2020).

	Skin scratches or abrasions enhances the bacterial colonization of subcutaneous tissues (Norton et al., 1999), resulting in typical cellulitis lesions (Jeffrey et al., 2004). Other predisposing factors including inadequate management and nutrition, cannibalism, biting insects, bad litter quality, bad ventilation, high stocking density, and poor feed quality may induce cellulitis (Schrader et al., 2004). 

	Accordingly, this review article was designed for focusing on cellulitis regarding the causes, clinical picture, and prevention and control measures in broiler chickens.

	 

	 

	Causes 

	The possible causes of avian cellulitis is represented in Figure 1. 

	Predisposing non-infectious factors 

	Scratched, injured, or traumatized skin is an important predisposing factor for cellulitis induced by Escherichia coli (E. coli) (Macklin et al., 1999). The alkaline pH of the skin surface and fragility of the dermal layer produced loose extracellular matrix components. Outbreaks of cellulitis are common in broiler flocks with high stocking density. Rising of the flock density is more likely to result in increasing of birds’ nervousness, cannibalism, skin injuries and subsequently entrance of organisms to induce cellulitis (Glünder, 1990). Bird’s abdomens are the most contact areas to wet or caked litter, therefore, skin abrasions and the possibility of cellulitis are common in these sites (Marrow, 2008). Besides, wet litter may lead to heavy dirty contaminated nails and consequently increasing the susceptibility to skin abrasions.

	 

	Immunosuppressive viruses

	Presence of immunosuppressive viral diseases increasing the susceptibility to cellulitis in chickens. Alves et al. (2007) pointed out that cellulitis had been observed in infectious bursal disease virus (IBDV) infected broilers which appeared as yellowish plaques under the skin and subcutaneous tissues. The early study of Rosenberger et al. (1975) revealed that gangrenous dermatitis could be detected following early infection with IBDV and adenoviruses in hemorrhagic-aplastic-anemia syndrome affected broilers. However, cases of staphylococcal gangrenous dermatitis were observed in 17-day-old broiler chicks secondary to IBDV infection (Cervantes et al., 1988).

	 

	Bacterial infections

	Cellulitis is a necrotizing soft-tissue infection caused by a single microbial or a mixture of aerobic and anaerobic bacteria that act synergistically (Gunderson, 2011). 

	 

	Escherichia coli

	During the past 15 years, the condemnation rates due coliform cellulitis has been increased (Umar et al., 2015). E. coli is regarded as the predominant pathogen isolated from cellulitis lesions (Silva et al., 2021) as it has been usually associated with litter contamination (Schrader et al., 2004). Clinical signs of cellulitis are probably observed in case of minimum infection pressure of avian pathogenic E. coli (APEC) and possibly also seen with other predisposing factors in the flocks (Barbieri et al., 2013). Moreover, strains of E. coli which isolated from cellulitis lesions may produce cytotoxins, causing intense cytoplasmic vacuolization of cells and termed as E. coli vacuolating factor (Quel, 2013). About 91.8% of cellulitis cases were associated with APEC infection, while the remainder cases of broiler chickens showed mixed infection with S. aureus and other bacteria (Derakhshanfar and Ghanbarpour, 2002). de Brito et al. (2002) isolated E. coli from broiler chickens with cervical cellulitis, while de Brito et al. (2003) detected strains of E. coli originating from cellulitis lesions in 52 batches of broilers from the southern states of Brazil. In the study of Barros et al. (2013), the results indicated isolation of E. coli in 82.5% of cases with cellulitis. 

	Despite it is not clear which are the specific serotypes of E. coli can cause cellulitis in broilers (Jeffrey et al., 2004), E. coli induced cellulitis in broilers share a close genetic relationship (Poulsen et al., 2018). Several different of E. coli were serogrouped from cellulitis cases, serogroups O78, O1, and O2 were prevalent ones (Fard et al., 2007). An early study of Ngeleka et al. (1996) revealed isolation of 39 E. coli associated cellulitis isolates and 38.4% of the isolates were serogroups O25 and O78. Radwan et al. (2018) demonstrated that E. coli serogroups recovered from cellulitis lesions were O125; 32%, followed by O158, O55, and O78 as 24%, 12%, and 1%, respectively, then both O1 and O8; 6% for each, and finally O15; 4%. However, large groups of non-serotyped E. coli have been also isolated from cellulitis lesions (Macklin et al., 1999). Asadi et al. (2018) demonstrated 34 E. coli isolates from broiler carcasses with cellulitis during processing which were belonged to phylogroups; A (55.88%), B1 (5.88%), and D (38.24%).

	 

	Staphylococci species

	Cases of vesicular dermatitis in chickens have been early reported due to Staphylococcus epidermidis (S. epidermidis) (Shimizu et al., 1967). However, S. aureus was frequently isolated from broiler chicken carcasses with cellulitis (Derakhshanfar and Ghanbarpour, 2002). Radwan et al. (2018) demonstrated that out of 157 bacterial isolates, 8 isolates of S. aureus (5.1%) were found in the muscles, liver and heart blood of broilers with cellulitis. 

	 

	Proteus species

	Proteus species were isolated from turkeys had cellulitis in slaughter houses (Olkowski et al., 1999). In the study of Radwan et al. (2018), 9 out of 157 bacterial isolates (5.7%) were identified as Proteus species from cellulitis. Proteus vulgaris (P. vulgaris) was identified in the subcutaneous tissues of cellulitis lesions (Gomis et al., 2002), while P. mirabilis was found in 40% of chickens with swollen head (Shawki et al., 2017; Sanches et al., 2020).  

	 

	Other bacterial species 

	It has been documented that Aeromonas species can colonize the subcutaneous tissues of broiler chickens with cellulitis (Gomis et al., 2002), as well as turkey carcasses in slaughter houses (Olkowski et al., 1999). Pseudomonas species were detected in turkey carcasses with cellulitis lesions during processing (Olkowski et al., 1999), particularly, Pseudomonas aeruginosa (P. aeruginosa) (Gomis et al., 2002). Besides, Shawki et al. (2017) isolated P. aeruginosa from 25% of chickens with swollen head syndrome. A mixture of Clostridium colinum (C. colinum), C. septicum, C. perfringens, and C. sordelli could induce cellulitis (Umar et al., 2015). For the first time, Salmonella kossen was isolated from broiler chickens with cellulitis in Egypt (Radwan et al., 2018). Streptococcus dysagalactae was also identified from broilers chicken carcasses (Vaillancourt et al., 1992). Other bacteria such as, Pasteurella multocida, Enterobacter agglomerans, Citrobacter ferundi, and Aerobacter were isolated from cases of cellulitis (Radwan et al., 2018). Some bacteria with public health importance such as Trueperella (formerly Actinomyces) pyogenes and Erysipelothrix rhusiopathiae were incriminated as the causes of cellulitis (Derakhshanfar et al., 2004).

	 

	Clinical picture

	The severity of cellulitis condition is related to some factors such as genetic condition, breed, sex, chick quality, immune status, and skin integrity of the affected bird, the surrounding environment and management conditions, and the feeding quantity and quality (Fard et al., 2007). Affected birds usually do not show any signs, however the lesions are only detected at the slaughterhouses. Usually cellulitis lesions are in apparent and difficult to be detected in the affected birds due to covering of the lesions with feathers (Gomis et al., 2001). The clinical picture of cellulitis could be observed if the infection occurs in the head region as swollen head (Morley and Thomson, 1984). The mortality rate has been recorded especially in cases with septicemia (Ghanbarpour et al., 2003). 

	Cellulitis could be observed as yellow and thickened skin over the lower abdomen and thigh along with spreading of edematous plaques of pus in the deep subcutaneous tissue, and the underlying muscles may display hemorrhages. Caseated sheets of fibrinous exudates adjacent to the lower abdomen and thigh may be also observed. The severity and the size of the lesions vary from one bird to another, some show localized and well-demarcated pea-size lesions, while others exhibit an extensive purulent inflammation covering most of the abdomen and breast muscles. 

	Oozing of exudate over the skin “waffle or honeycombed skin” could be also observed over the thigh and muscles, legs, abdomen, head, neck, back, and cloacal area (Alves et al., 2007). Deskinning showed presence of the characteristic plaques, ‘flakes’ or caseous, yellowish to green, dark red, or brown exudate that it can be fetid if gangrenous (Bianco et al., 2016).

	Affected birds with cellulitis may occasionally show concurrent lesions of systemic affections, suggesting that cellulitis may result from systemic spread or, equally, the localized skin lesions may be a source for systemic disease. After experimental cellulitis, the lesions could appear away from the inoculation site that migrated from the dorsal to the abdominal area (Norton, 1997). Silva et al. (2021) demonstrated the relationship between E. coli in cellulitis of broiler chickens and the liver lesions as well as the possible systemic infection. Hepatitis, airsacculitis, and pericarditis were frequently associated lesions with cellulitis (Gomis et al., 2001; Silva et al., 2021). Cellulitis-struck broilers may have also lesions in the heart, bones, and joints (Gomis et al., 2001). 

	Subcutaneous inoculation of 25-day-old broiler chickens with E. coli serogroup O78 induced cellulitis lesions in 98% of the inoculated birds and the pathogen was isolated from more than 75% of cellulitis lesions (Gomis et al., 2001). Johnson et al. (2001) experimentally inoculated E. coli in broilers to enhance the induction of cellulitis lesions and to detect the other clinical picture of colibacillosis, particularly perihepatitis, pericarditis, and airsacculitis. Moreover, cellulitis and myositis lesions were developed in cage-reared broilers after infection with a mixture of C. perfringens, C. septicum, and S. aureus, following vaccination with IBDV and chicken anaemia virus (CAV) vaccines (Wang et al., 2005).

	Microscopically, hyperkeratosis, thickening of the dermis, infiltration of mononuclear cells and heterophils along with fibrinocaseous exudates were associated with cellulitis (Vieira et al., 2006). Moreover, Bianco et al. (2016) defined cellulitis as severe, subacute to chronic, focal to locally extensive fibrinoheterophilic, granulomatous to necrotizing cellulitis, panniculitis, dermatitis, and myositis with irregular hyperkeratosis.

	 

	Prevention and control

	Cellulitis must be approached as a multi factorial problem as which there is no one solution, therefore it must be multi-levels to deal with the problem. There is no specific preventive measures or available vaccines against cellulites, therefore, reducing the incidence of skin injuries can reduce the incidence rate at processing. Adoption of appropriate farm-specific cloths, changing of shoes, and an adequate cleaning of the broiler houses after each grow out period could improve outcomes regarding condemnation ratios due to cellulitis (Schulze Bernd et al., 2022). Avoid hot environment especially between 2 to 4 weeks of age to stimulate the feathers growth and consequently minimize cellulitis occurrence. Reducing stocking density and overcrowding can reduce the possibility of skin abrasions or bruising and subsequently cellulitis. Increasing drinkers and feeders to reduce the possibility of fighting and skin wounds. Removal of wet litter and replace it by clean and dry one is important. Decreasing slaughtering age and improving the welfare and management policies of poultry flocks can lead to less carcass condemnations due to cellulitis (Fard et al., 2007). 

	Introduction of genetic lines with a slow growth of feather increases the occurrence of cellulitis. Modern broilers breeds have large chest and abdomen that exposing them to more skin injuries. Therefore, supporting the feathers growth and selection of genetic lines of broilers with a rapid growth of feathers are important to reduce cellulitis. 

	Regular adoption of vaccination protocols against some viral diseases such as IBDV and CAV may reduce the incidence of cellulitis. Early protection from IBDV can help in the prevention of staphylococcosis (Santivatr et al., 1981). Moreover, trials to produce autogenous vaccines against APEC can help in reducing the incidence of E. coli associated cellulites. Treatment with a specific antimicrobials is one of the primary control measures for reducing cellulitis caused by APEC and other bacterial infections. Supplementation with nutrient substances such as vitamin E, zinc, copper, selenium, and manganese can improve the feather development (Macklin et al., 2000). Moreover, the incidence of cellulitis and the carcass condemnation rate were significantly reduced in broiler chickens treated with Bifidobacterium bifidum (Estrada et al., 2001).

	 

	CONCLUSION

	 

	Cellulitis represents a serious problem for broilers industry causing great financial losses as a result of low grade chicken carcasses and high incidences of condemnation at processing. Prevention of such condition are difficult due to the multifactorial non-infectious and infectious causes. Bad management practices associated with infectious pathogens increase the incidence of cellulitis. Accordingly, prevention of predisposing management factors through adoption of biosecurity measures is critical. Moreover, treatment of suspected bacterial causes of cellulitis may reduce the severity of this condition. 
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