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Introduction  

 
The poultry industry has experienced an increase in the incidence of anaerobic 

clostridial cellulitis over the last decade, which can be a significant source or mortality in 
otherwise healthy market-age turkeys (Carr et al., 1996).  The disease, also called 
gangrenous dermatitis (GD, Wages and Opengart, 2003a), occurs in chickens and turkeys 
and primarily affects the skin and muscle of the abdomen and thorax, although necrosis in 
the wings and tail head area is often seen.   The lesion is necrotic and usually hemorrhagic, 
with darkened skin overlying a thick serous exudate containing a significant amount of gas. 
Frequently the underlying muscle is also affected and can be discolored and necrotic.  
Often the disease occurs without warning with increased mortality as the initial event 
(Ritter, 2006).   

 
The causative agents include Clostridia, an anaerobic, spore-forming Gram-positive 

rod.  The species most commonly isolated include C. perfringens type A and C. septicum, 
although other Clostridial species are often found (Ritter, 2006).  The genetic diversity of 
C. perfringens isolates from GD lesions is quite substantial (Neumann et al., 2007), 
suggesting that the organism is highly adaptable, perhaps in association with stationary 
phase evolution in the ceca of normal hosts (Finkel and Kolter, 1999; Zambrano et al., 
1993; Zinser and Kolter, 2004).  Other bacterial species such as E. coli and S. aureus may 
also be isolated from lesions and may contribute to the severity of the disease (Wages and 
Opengart, 2003a).  In a recent study, Rehgerber et al, (2006) reported isolation of C. 
perfringens or C. septicum, or both, from skin and muscle lesions of 19 out of 20 broilers 
exhibiting symptoms associated with GD.  Experimentally, GD has been reproduced in 
turkeys by the intramuscular inoculation of C. septicum (Saunders and Bickford, 1965). 

 
This is not a new disease, as it was originally reported in 1930 (Niemann, 1930); 

however, historical interventions based on disinfection, litter management, and prevention 
of immunosuppression seem to be less effective than previously observed (Ritter, 2006).  
Nevertheless, a recent report reveals that immunosuppression remains a significant risk 
factor for GD in broilers (Hoerr, 2007).  Recent C. perfringens isolates from cases of 
anaerobic cellulitis in market-age turkeys indicate that they continue to remain sensitive to 
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penicillin, the treatment of choice to control a clinical outbreak (Neumann et al., 2007).  
The same authors report that there is some indication that the organism is developing 
resistance to monensin.    
 
Clostridial vs Coliform Cellulitis  

 
One distinction to be made is between Clostridial and Coliform cellulitis.   

Coliform cellulitis, also known as inflammatory process, is more often seen in broilers than 
in turkeys, with diagnosis typically taking place at processing (Vaillancourt and Barnes, 
2003).  This condition is rarely fatal, and is a problem due to condemnation more than to 
morbidity or mortality.  The lesion is usually a fibrinous or caseous solid found between the 
muscle and the skin, rarely extending into the muscle, and is often associated with scratches 
or other skin lesions (Norton et al., 1999; Olkowski et al., 2005).   The most common 
species isolated from lesions is E. coli, and a reproducible model for the disease involves 
subcutaneous injection of E. coli originally isolated from a cellulitis lesion (Norton et al., 
1997).   The pathology of Coliform cellulitis is associated with chronic inflammation 
(Vaillancourt and Barnes, 2003).  

 
In contrast, Clostridial cellulitis is most often diagnosed during the life of the bird, 

at 6-7 weeks of age in broilers, 6-20 weeks of age in layers and 12-20 weeks of age in 
turkeys, in association with an abrupt increase in mortality (Wages and Opengart, 2003a). 
The skin lesions are moist and dark and frequently extend into the underlying muscle, with 
gas and blood tinged gel underneath skin that is often intact and undamaged.  The 
pathology is associated with necrotizing α-toxin rather than inflammation (Rehberger et al., 
2006).   C. perfringens and C. septicum both produce and secrete necrotizing α-toxins that 
are essential for virulence but unrelated to each other on a molecular level (Grossman et al., 
1967; Kennedy et al., 2005; Sakurai et al., 2004).  Conditions for production of α-toxin by 
C. perfringens include rapid vegetative growth in the presence of peptides or amino acids, 
in particular arginine and glycine, at neutral pH (7.4-7.6) (Murata et al., 1975; Nakamura et 
al., 1978).  Free Zn is essential for α-toxin stability once it is secreted by the organism 
(Murata et al., 1975).  

 
The absence of skin damage in birds exhibiting GD has led to some uncertainty 

about the route of infection.  As discussed by Ritter (2006), there is evidence to support 
both “outside–in” and “inside–out” routes of infection.  In the former case, organisms gain 
entry to the body from the environment.  Since Clostridia are normally found in poultry 
litter, they are a constant threat and can enter through any breach in the integument and 
cause disease locally.  In the latter case, Clostridia in the gut microflora become systemic in 
association with a failure in gut epithelial integrity.  Intravenous injections of a mix of C. 
perfringens and C. septicum cause the disease, confirming the hypothesis that GD can 
result from a release of these organisms into the systemic blood, i.e. the “inside–out” route 
of infection (Ritter, 2006).   Once systemic, the organism may then cause disease in a 
number of locations, but is particularly prone to subcutaneous sites with nearby damaged 
muscle tissue.   Efforts to generate a reproducible animal model for GD research are 
ongoing in several locations and include oral delivery as one route of infection.   The 
possibility that Clostridia responsible for GD can originate from the gut suggests the 

71 



strategy of reducing risk by manipulation of the gut environment and the resident 
microflora, a subject recently reviewed by Collett (2007).    

 
Gut C. perfringens, especially in association with enteritis, can also cause necrotic 

enteritis (NE), a rapidly fatal disease in poultry, with lesions usually confined to the 
jejunum and ileum (Wages and Opengart, 2003b).  The mechanism responsible for the 
ability of the same organism to cause NE in some flocks and GD in other flocks has been 
discussed by Ritter (2006) and may include such factors as antibiotic growth promotant use 
and the coccidial control program.   Like GD, the pathology of NE is associated with the 
bacterial toxin and its ability to hydrolyze cell membranes (Stevens and Rood, 2000).  For 
this reason, model systems of NE can yield some information that likely applies to GD.   
 
Role of Nutrition  

 
Perhaps the central risk factor for GD and NE is the presence in the animal of 

Clostridia in active proliferation.  The production of α-toxin takes place during vegetative 
growth of the organism in an anaerobic, amino acid-rich medium (Murata et al., 1975).  
Although Clostridia are normally found in the gut microflora of poultry, they are most 
common in the lower gut, particularly in the ceca, where low nutrient concentration 
controls their rate of growth (Bjornhag and Sperber, 1977; Stevens and Rood, 2000).   
However, the equilibrium of the microbiota is dynamic, responding to many environmental 
factors, including nutrition (Collett, 2005, 2007; Oviedo-Rondon et al., 2006).  

 
Nutrient availability in the lumen of the ileum can be increased in a number of 

ways.  First, feeding poorly digestible feed ingredients can increase the presence of 
undigested protein in the lower gut.  Second, the concentration of amino acids and other 
nutrients can be increased during periods of rapid feed passage due to disease, stress or 
other factors.  In addition, water soluble non-starch polysaccharides may increase digesta 
viscosity, adversely affecting digestibility (Choct and Annison, 1992).  Finally, the 
presence of free Zn can be increased by supplementation using inorganic Zn salts.  A 
chelated form of Zn is more stable in the gut environment and less likely to dissociate and 
ionize in the lumen (Dibner and Richards, 2005).  If the α-toxin of C. perfringens is 
secreted in a Zn-free environment it is almost immediately degraded (Murata et al., 1975).      

 
Since retrograde peristalsis is essentially continuous in poultry (Akester et al., 

1967; Duke, 1982; Sacranie et al., 2007), Clostridia can be carried from the colon or cecum 
into the ileum at any time and enter a more rapid rate of growth in response to the nutrients 
available there. One factor that prevents this from occurring under normal circumstances is 
the presence of an acid-tolerant gut microflora in the ileum.  This keeps the pH below 
neutral which reduces the likelihood of dominance by the acid intolerant species such as 
Clostridia. However, subclinical coccidiosis or enteritis can disrupt the normal microbiota, 
raising the pH and increasing the rate of mucin production by goblet cells, which would 
favor an overgrowth of Clostridia (Collett, 2005, 2007).  Thus, the causative organism for 
GD can exist in a range of concentrations and locations within the animal’s digestive 
system.   
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The association of dietary glycine supplementation with C. perfringens numbers 
and location, α-toxin production and gut lesion scores has recently been reported (Dahiya et 
al., 2005).   In this research, dietary glycine ranged from 0.5 to 4.21% in a series of studies 
evaluating its effect on gut microbial populations, toxin production and NE lesions.   

 

 
Figure 1 

 
Figure 1 show the results of one of these studies (experiment 2), in which 

increasing dietary glycine supplementation was associated with a significant increase in C. 
perfringens in the ileum and cecum, and a decrease in Lactobacilli.  In the same study, the 
microbial shift was accompanied by significant increases in α-toxin in the ileal contents and 
in intestinal NE lesion scores (Dahiya et al., 2005).  

 
The gut environment and its resident microflora can also be modified using organic 

acids either in the feed or in the water.  It is possible that providing an exogenous source of 
acid could be a factor discouraging overgrowth of Clostridia in the small intestine, but it 
may also simply favor the establishment and maintenance of the normal acid tolerant 
microbial flora present in the crop, gizzard, and upper small intestine.  The effect of  
providing antimicrobial organic acids on necrotic enteritis incidence and severity has been 
reported by Hofacre (2005).  The model system combined coccidial (day 14) and clostridial 
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(days 18, 19 and 20) challenge to generate NE in broilers.   In this experiment (Figure 2),  
treatments consisted of unchallenged birds, challenged birds, birds challenged but  
treated with BMD, and birds challenged but treated with an organic acid blend 
(ACTIVATE® WD).  As shown in Figure 2, post-challenge lesion scores for the control 
birds (treatment 1) were significantly better than for any of the challenge treatments.   
 

 
Figure 2 
 
Among the challenged treatments, the organic acid blend gave performance significantly 
better than the untreated birds and numerically superior to the antibiotic treatment.  The 
possibility that this effect might be associated with a shift in gut environment that favors 
Lactobacilli over Clostridia is a subject for further research.   
 
 
 
Summary  

 

                                  
® ACTIVATE is a trademark of Novus International, Inc. and is registered in the United States and other 
countries. 
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Gangrenous dermatitis, recently associated with high mortality in market-age 
turkeys, is a Clostridial infection that results in necrotizing lesions of skin and underlying 
muscle.  The route of infection may include a breakdown in the barrier function of the gut, 
resulting in systemic distribution of C. perfringens and/or C. septicum.  The organisms can 
then multiply and produce α-toxin in an environment rich in free amino acids such as in 
damaged muscle or skin.  One approach to proactively controlling GD risk is to modify the 
small intestinal environment and its microflora to be less susceptible to Clostridial 
overgrowth.   Data presented demonstrate that Clostridia numbers can be manipulated 
through changes in the diet and that changing the gut microbial populations is associated 
with reduced toxin production and reduced pathology.  Conversely, it is evident that a 
failure to manage the gut environment by ensuring highly digestible, good quality feed 
ingredients that are properly protected against degradation and microbial growth can favor 
Clostridial proliferation and the risk of high mortality in otherwise healthy market-age 
turkeys.   
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