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INTRODUCTION 

 

The efficient production of poultry products like meat and 

eggs is mainly dependent on good health. If poultry birds are 

in poor condition, then there will be lower volumes of food 

products for the human population. Therefore, maintaining 

health and avoiding disease in the worldwide poultry business 

is a huge concern. Poultry health has a significant impact on 

the security of a vital food supply, human health, and 

worldwide economics (Aslam et al. 2020). 

Some of the health issues in chicken are indubitably linked to 

modern society's demand for enormous quantities of poultry 

meat and eggs for human use. This necessitates intensive 

production, which entails growing large numbers of birds in 

limited spaces (Hafez and Attia 2020). Birds are inevitably 

stressed during their productive time because of big 

population numbers and high output. Stress is also 

exacerbated by extensive preventative medicine and 

vaccination. Stress, which is caused by exposure to external 

forces and situations, disrupts the body's equilibrium and 

leads to the onset of a variety of disorders. Metabolic or non-

infectious disorders are an important group of stress-related 

diseases (Asfia et al. 2021). 

There are a variety of metabolic illnesses in chicken, 

including sudden death syndrome, ascites, and fatty liver 

hemorrhagic syndrome. Metabolic disease is caused by a 

series of initiating stimuli that cause certain patterns of gene 

expression to be activated, causing biochemical equilibria to 

tip into non-homeostatic states. These non-homeostatic 

states, if left untreated, cause tissue degradation and loss of 

function in one or more organs, as well as signs and 

symptoms that lead to clinical diagnosis of disease (Angel 

2007). Gene expression studies are the beginning to indicate 

that various sets of genes are expressed differently in 

metabolic illness tissues compared to healthy tissue. This 

altered pattern of gene expression could be caused by a 

number of factors including the environment, genetics, and 

nutrition (Mavroudis et al. 2018). 

Unfortunately, metabolic problems will always be present in 

most poultry species to some degree. Since we have 

probably discovered all of the nutrients required by poultry 

during the last 50 years or more. Modern metabolic 

problems are rarely caused by overt shortage or excess of 

any nutrient or collection of nutrients. Skeletal problems are 

clearly caused by dietary shortages such as calcium, 

phosphorus, or vitamin D3, and so cannot be classified as 

metabolic disorders. Induced deficiencies, which occur when 

diets appear to be adequate in terms of total nutritional 

levels, are frequently referred to as a metabolic disorder 

(Brickley et al. 2005). However, in this chapter, with a few 

significant exceptions, diseases that are induced by nutrient 

deprivation are not considered as traditional metabolic 

disorders. 

 

Fatty Liver Haemorrhagic Syndrome 

 

Couch (1956) first described fatty liver haemorrhagic 

syndrome (FLHS) as excessive accumulation of fat along with 

haemorrhages in the liver. FLHS is a metabolic disorder that 

affects chickens all over the world (Shini et al. 2019).  

 

Etiology and Pathophysiology 

 

FLHS affects caged birds on high-energy rations, and it is most 

prevalent in the summer. The most typical complaint is 

sudden mortality of birds in full production. High-energy diets 

and limited exercise are linked to the illness (Robinson and 

Kiarie 2019).  

In this condition, birds have pale comb. Bird’s ovary is 

generally active but metabolic stress leads to oviposition 

which could be the reason of fatal haemorrhage. Fatty liver 

condition only appears in birds with a positive energy balance, 

hence body weight monitoring is a useful diagnostic tool 

(Crespo and Shivaprasad 2013).  

Furthermore, FLHS is mostly seen in female birds. When the 

egg production starts, the level of estrogen in the blood 

increases as does the amount of fat in the liver. Administering 

estrogen to layers and even male birds could induce FLHS. 

This reveals that high-producing birds are more prone to 

FLHS because of more estrogen production from their active 

ovaries (Shini 2014).  
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Clinical Findings 

 

Affected birds from FLHS are generally found dead with no 

indications of illness. Due to diminished egg production or 

blood loss, affected birds frequently have pale combs. FLHS-

positive layers have higher levels of leptin, oestrogen, and 

osteocalcin in their blood. In laying hens that already relies on 

a significant daily calcium flux in and out of the skeleton, there 

appears to be a comparable rise in bone turnover (Shini et al. 

2019). 

 

Lesions 

 

Excessive fat in the liver is a key finding, along with variable 

degrees of bleeding. The liver is also frequently enlarged, 

has a "putty colour," and is friable. Large levels of oily fat 

are commonly seen in the abdominal cavity (Zaefarian et 

al. 2019). 

Sudden death along with fat accumulation and liver bleeding in 

birds indicates FLHS. This FLHS is recognized during 

postmortem examination based on lesions like hepatic 

haemorrhages, enlarged and engorged liver (Yeh 2008). As a 

result, liver becomes friable. Pale yellow color liver is not a 

typical postmortem lesion in case of FLHS. Normally, layers 

fed with a lot of yellow maize or a lot of xanthophyll pigments 

have a yellow-colored liver with no haemorrhages. There are 

varieties of diet components that can cause liver bleeding 

without extra fat formation. Similarly, feeding rancid fat might 

result in hepatic bleeding without causing fat buildup. In FLHS-

affected birds, the liver dry matter is at least 40% fat. Fatty 

liver disease affects the bird's calcium metabolism, thus 

compromising skeletal integrity and eggshell quality (Harrison 

and McDonald 2006). 

 

Diagnosis 

 

Keep an eye on bird’s body weight and feed intake on each 

day. Replace carbs with supplementary fat while maintaining 

overall energy. Body weight and feed intake of birds should be 

monitored on daily basis because this condition usually occurs 

when there is positive energy balance (Crespo and 

Shivaprasad 2013).  

 

Control and Prevention 

 
When potential issues are identified, curative action such as 

the adoption of reduced energy diets and/or a modification in 

feed management should be considered. Furthermore, birds 

should be protected from high environmental temperature 

because it is also a predisposing factor in the development of 

positive energy balance (Wolford and Polin 1972). 

FLHS is reduced by using byproduct feeds such as distiller's 

grains, alfalfa and fish meal. Supplementing with selenium has 

also been proven to lower FLHS, although the mechanism of 

action is unknown. When a farm has a history of FLHS, the 

diet should include at least 0.3 ppm selenium, preferably 

organic selenium, and up to 100 IU vitamin E/kg food, as well 

as adequate doses of an antioxidant like ethoxyquin. When 

layers are fed chelated trace minerals instead of inorganic 

minerals, there have been reports of a higher prevalence of 

fatty liver. However, there is no documented link between 

increased organic minerals in layer diets and the occurrence 

of FLHS (Rakshit 1981). 

 
 

Fig. 1: Various phases of FLHS lesions in livers from varying 

degree of haemorrhages to hematoma 

 

Gout (Urate deposition) 

 

Visceral or articular gout or urolithiasis is common side effect 

of kidney failure. Renal failure decreases uric acid clearance 

from the blood, leading to hyperuricemia and the formation 

of insoluble products (monosodium urates) within the kidney 

or on surface of other visceral organs (Bulbule et al. 2013). 

These urates are semisolid and have white chalky appearance, 

and they should be distinguished from fibrinoid or purulent 

inflammatory exudates caused by infectious diseases such 

synovitis, peritonitis, perihepatitis, and pericarditis. In addition 

to visceral organs, these urates can also be observed in the 

synovial fluid and tendon sheaths of different joints, especially 

the hock joint (Mubarak and Sharkawy 1999).  

 

Visceral gout 

 

Visceral gout develops after rapidly progressing renal failure. 

In this condition, urates deposition occurs on the peritoneum, 

hepatic capsule, pericardium and joints. These urates are look 

like feathery crystals or spherical basophilic masses under the 

microscope. Infiltration of inflammatory cells is also observed 

(Pollock 2006). These visceral urates are usually formed in 

older layers after urolithiasis. Atrophy of the affected kidney 

is observed due to the obstruction of uroliths in the ureters. 

The other part of the kidney shows compensatory 

hypertrophy. Asymmetry in size and weight of both parts of 

kidney can be used during diagnosis. Meanwhile, the ureters 

are also distended due to accumulation of staghorn urates or 

uroliths which are white and brittle in nature (Mudasir et al. 

2017).  
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Predisposing aspects in the development of visceral gout and 

urolithiasis are infectious and non-infectious causes. 

Cryptosporidiosis, infectious bronchitis virus, chicken 

astrovirus and avian nephritis virus are important infectious 

causes which intensify the visceral gout condition. Non-

infectious causes are ingestion of more than 3% calcium, 

deficiency of vitamin A, and toxicity of mycotoxins such as 

oosporein, ochratoxin and citrinin. Ascites can also lead to 

the development of gout because hypoxic condition which 

arises in ascites induces higher production of uric acid. 

Aminoglycosides and heavy metals toxicity have also been 

reported to worsen the condition of visceral gout. Urolithiasis 

is commonly observed in Leghorn breed of birds, feeding 

more calcium diet for several weeks before sexual maturity. 

After 8-10 weeks of age, feeding 3-5 percent calcium, leads to 

the development of insoluble calcium-sodium-urate uroliths in 

the renal tubules (Pegram and Wyatt 1981). 

 

Articular gout 

 

Articular gout is less prevalent and develops as a result of 

persistent increase in the uric acid levels in the blood. 

Articular gout occurs in birds who are overfed with protein 

and/or have a K+Cl:Na ratio of less than 1. In articular gout, 

urates deposition occurs on the wing joints and toe synovial 

membrane, triggering a granulomatous reaction to urate 

crystals (tophi). Birds with inherited abnormalities in uric acid 

metabolism or those fed an excessive amount of protein may 

develop articular gout (Schlesinger 2004). 

Urolithiasis appears to be the most common issue in laying 

hens fed high calcium levels well before sexual maturity. 

Although the problem is frequently complicated by IBV 

infection, it seems self-evident that Leghorn birds should be 

fed no more than 1% calcium before to maturity. Feeding pre-

lay diets containing 2% calcium or layer meals containing 3% 

calcium for 2-3 weeks before laying the first egg is not an 

issue. Surprisingly, uroliths rarely occur in adult male breeders 

fed high calcium diets. High quantities of crude protein raise 

plasma uric acid levels, presumably creating conditions 

favourable to urate production (Perez‐Ruiz and Lioté 2007).  

 

Control  

 

Numerous mycotoxins have been shown to affect kidney 

function, thus overall mill quality control and/or the use of 

feed additives to reduce their adverse effects would likely be 

advantageous (Imran et al. 2020). 

Electrolyte therapy is frequently investigated since most forms 

of renal disease are linked with an increased loss of water and 

electrolytes. Potassium and, to a lesser extent, sodium salts, 

particularly citrates and bicarbonates, are suggested to 

overcome this issue.  

Urinary acidification can be used to prevent or cure 

urolithiasis, and it can be done without necessarily causing a 

broad metabolic acidosis. Kidney dysfunction can be reduced 

nutritionally by avoiding overfeeding of nutrients like calcium, 

crude protein, and electrolytes (Pak 1991). 

 

Ascites Syndrome 

 

The accumulation of fluid in the abdomen which is non-

inflammatory in nature is known as ascites or water belly. 

This condition is reported in 1970s in the fast-growing 

broilers. It's defined by an accumulation of transudate in the 

abdominal cavity, which is the result of a series of events 

linked to the requirement to supply sufficient oxygen to the 

tissues (Girmachew et al. 2020). Initially, the illness was 

particularly common in fast-growing male broilers kept at high 

altitudes with a degree of cold stress, but it now affects 

broilers at any altitude. In case of ascites, up to 8% death has 

been reported in extreme cases, while 1-3 percent mortality 

is now more common. Yellow protein clots may be present in 

the fluid which is present in the hepatic area, peritoneal 

cavity, or pericardial space (Scheele et al. 1991). 

 

Causes of Ascites Syndrome 

 

Increased sodium intake, lung or liver damage, vascular 

damage, increased vascular hydraulic pressure, increased 

tissue oncotic pressure, or decreased vascular oncotic 

(usually colloidal) pressure can all cause ascites, but it's most 

commonly linked to venous hypertension caused by right 

heart failure in response to increased pulmonary resistance 

(Julian et al. 1986). 

Increased vascular hydraulic pressure in the venous system is 

the most common cause of ascites. This increase in pressure 

is most commonly associated with right ventricular failure 

(RVF), which is also related to hepatic fibrosis. The majority 

of cases are due to a hereditary susceptibility to pulmonary 

hypertension (PH), which causes heart failure and fatal ascites 

in many cases (Wideman Jr et al. 1999). 

PH is common in birds due to hypoxia caused by high altitude, 

resulting in increased number of RBCs and thickening of the 

blood. This condition also develops as a result of sodium 

toxicity-induced RBC stiffness, and less commonly as a result 

of lung disease. Cold stress, even if just for a few minutes, 

during the first three weeks of life has been shown to 

increase the risk of developing ascites syndrome (Julian 1988). 

Aflatoxin or toxins from plants like Crotalaria can induce liver 

damage in chicken. The most common cause of liver injury in 

broiler hens is obstructive cholangiohepatitis (induced by 

Clostridium perfringens infection), which leads to ascites. 

Amyloidosis of the liver can also produce ascites in both 

meat-type and breeder ducks (Julian 2005). 

 

Pathogenesis 

 

Increased pressure in the pulmonary arteries causes PH as 

the heart pumps more blood through the lungs to meet the 

body's oxygen needs. As a result of the volume and pressure 

overload, the right ventricle dilates and become 

hypertrophied, resulting in valvular insufficiency and ascites 

(Aftab and Khan 2005). 

The lungs of birds are stiff and immovable within the thoracic 

cavity. To accommodate increasing blood flow, the capillaries 

can dilate to a certain limit. As meat-type chicken grow, their 

lung size will not increase in proportion to their body weight, 

especially muscle mass. In fast-growing broiler, increased 

blood flow causes primary pulmonary hypertension and cor 

pulmonale, as well as occasional occurrences of RVF and 

ascites (Biswas 2019). 

 

Clinical Findings 

 

In ascites, affected broilers are cyanotic, their abdominal skin 

may be red, and their peripheral veins may be clogged. 
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Because growth is slowed as RVF progresses, so affected 

birds look smaller than their peers. Rapid growth rate, on the 

other hand, is a known predisposing factor, and the largest 

broilers are occasionally affected, with males being affected 

more frequently than females (Nain et al. 2009). Ascites 

causes an increase in respiratory rate and a decrease in 

exercise tolerance. Broilers that have been affected 

commonly die on their backs. Ascites is not present in all 

broilers who die from pulmonary hypertension syndrome. 

Death can happen unexpectedly and without showing any 

clinical signs (Wideman et al. 2013). 

 

Lesions 

 

The majority of lesions are caused by increased venous 

hydraulic pressure as a result of RVF. In the hepatoperitoneal 

spaces, clear yellow colored fluid is present along with fibrin 

clots. Liver may be edematous, congested, swollen and firm in 

consistency with clotted protein clinging to the surface 

(Baghbanzadeh and Decuypere 2008). Hydropericardium can 

range from mild to severe, and pericarditis with adhesions can 

occur rarely, mainly as a result of secondary illness. Right 

ventricular dilatation and mild to substantial right ventricular 

wall hypertrophy may be observed. In most cases, dilatation 

of vena cava and the right atrium has been observed. The left 

ventricle can narrow. The lungs are severely swollen and 

congested (Chapman and Wideman Jr 2001).  

 

 
 

Diagnosis 
 

Broilers with ascites as a result of RVF or PH have an 

enlarged heart, a thicker right side of the ventricle, and varied 

amount of clear fluid in the abdomen and pericardial sac. Even 

if there is no accumulation of fluid, the affected broilers have 

most likely died from PH (Baghbanzadeh and Decuypere 2008). 

 

Control 

 

Ascites produced by pulmonary hypertension syndrome can 

be avoided by reducing the bird’s metabolic oxygen 

requirements by slowing growth or reducing meal density or 

availability. Temperature, humidity, and air movement in the 

environment should be managed to minimize excessive loss of 

body heat, especially in the early neonatal period. Even a brief 

exposure to cold stress during the initial weeks of life has 

been shown to predispose flocks to this problem (Julian et al. 

1989). Ascites can be controlled by avoiding lung and liver 

injury and also by minimizing sodium level in the diet. For 

meat-type hens, altitudes greater than 3,000 feet (900 meters) 

are unsuitable, and growth must be controlled to avoid 

mortality. At higher elevations, extra care is required to avoid 

cold (Singh et al. 2011).  
 
Round Heart Disease or Spontaneous 
Cardiomyopathy 
 
Young turkeys with spontaneous cardiomyopathy die suddenly 
due to cardiac arrest and are unrelated to other poultry 
cardiomyopathies (Czarnecki 1984; Beaufrère and Brash 2021). 
 
Etiology and Pathophysiology 
 
In turkeys, the actual cause of spontaneous cardiomyopathy is 
unknown. However, experiments in turkeys employing 
furazolidone to induce dilated cardiomyopathy found that 
membrane transport was disrupted, resulting in heart failure. 
The amount of creatine kinase, glycolysis, glycogen, myofibril, 
Krebs cycle enzymes, fatty acid oxidation, and soluble 
proteins is reduced. The sarcoplasmic reticulum's calcium-
transport ATPase activity is boosted. Ischemia may play a role 
in the pathophysiology of spontaneous cardiomyopathy in 
turkeys, based on this pattern of biochemical alterations 
(Zhang et al. 2013; Huang et al. 2000). 
Although the majority of deaths occur during the brooding 
stage, the affected birds' heart weight to body weight ratio 
increases throughout the developing period. Because of the 
persistent cardiac insufficiency, the affected birds growth rate 
is slowed, resulting in attacks by their healthy peers. Body 
weights of affected turkeys are lowered by an average of 1.4 
kg that survive to market age (Simpson et al. 2017).  
Hypoxia is another important issue during egg incubation or 
transfer of chicks from hatchery to farm. It's probable that air 
stratification in poorly ventilated facilities without circulation 
fans, contributes to cardiac damage leading to later 
manifestations of the disease (Tintu et al. 2009). 
 

Clinical Findings 

 

The majority of deaths from spontaneous cardiomyopathy 

happen in the first four weeks of life, with mortality peaking at 

two to three weeks. Although many poults die immediately, 
some may have ruffled feathers, drooping wings, and a filthy 

appearance. Prior to death, they may exhibit laborious, gasping 

respiration. Mortality is rare after 3 weeks (Julian et al. 1992). 

 

Lesions 

 
The affected poult has a substantially enlarged heart due to 

dilation of both ventricles, congested lungs, and an enlarged 

liver in the first 4 weeks of life. There may be ascites, 

anasarca, pulmonary edema, and hydropericardium. In 

addition to dilatation, enlarged hearts in older poults are 

accompanied by substantial hypertrophy of the ventricles 
(Genao et al. 1996). 

Congestion, damage to the myofibrils of the cardiocytes, and 

localized infiltration of lymphocytes are among the histological 

abnormalities of dysfunctional hearts.  

In most cases, the diagnosis is made mainly on the history and 

gross abnormalities during necropsy; while an ECG can be 
used, but it is rarely employed. Similar disorders may be 

caused by sodium and polychlorinated biphenyls or related 

substances (Czarnecki 1984).  
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Treatment  

 

There is no treatment available. Hypoxia has been linked to an 

increase in incidence during incubation, transportation, and 

brooding. Improved ventilation during these times appears to 

be crucial. According to some experts, high quantities of 

copper in the diet or drinking water have been linked to an 

increased risk of spontaneous cardiomyopathy. Good brooding 

methods may help to minimize mortality (Czarnecki 1986). 

 

Sudden Death Syndrome 

 

Sudden death syndrome (SDS), often known as "flipover" or 

"heart attack," is becoming a more common cause of death in 

healthy broilers having rapid growth (Crespo and Shivaprasad 

2013).  

 

Etiology and Pathophysiology 

 

The etiology of this disease is undefined. However, it can be a 

metabolic condition which prompts the cardiac arrhythmia in 

birds. It is assumed to be a metabolic disorder linked with 

lactic acidosis, carbohydrate metabolism, intracellular 

electrolyte imbalance and loss of cell membrane integrity. 

Current investigations linked this disorder to cardiac 

arrhythmias. It has also been found that occurrence of 

arrhythmias to be 27% in broiler and 1% in leghorns; 

however, it is uncertain whether this susceptibility is genetic 

or dietary (Olkowski 2007). SDS mortality in affected flocks 

has been observed from 3 to 15.6 percent. It normally affects 

1-5 percent of the flock and is the leading cause of death 

between 21 to 35 days. Affected birds look healthy and have 

plenty of flesh. SDS is most common in males (Ononiwu et al. 

1979; Siddiqui et al. 2009). 

 

Clinical Findings 

 

In SDS there is no definite clinical signs and gross lesion. 

Infected birds having specific microscopic lesions in 

subendocardial purkinje cells and cardiomyocytes. These 

lesions in heart may support in the diagnosis of this disorder 

(Proudfoot et al. 1982).  

In terms of gross pathology, there aren't many alterations. On 

opening of the heart, atria contain post-mortem blood clots 

while ventricles are normally empty with slight hypertrophy 

of left ventricle. The lungs are frequently oedematous, 

however this usually happens when birds lie down on their 

backs after death and fluid drains to the lung area due to 

gravity. Other changes are empty gall bladder, dilated 

intestine with creamy contents and fresh feed in the digestive 

tract. In some cases of SDS, enlargement of liver and kidney 

has also been reported along with varying degree of pinpoint 

hemorrhages (Chung et al. 1993).  

 

Potential Treatment and Prevention 

 

There is no treatment of SDS. Through preventive measures 

we can limit the incidence of SDS. SDS can be prevented by 

varied degrees of nutrient restriction. There are no obvious 

correlations between the development of SDS and any of the 

diet components, additives, or climatic influences. When 

ionophore anticoccidials are utilized (perhaps because of the 

accompanying faster development rate), or if the food 

comprises a readily available carbohydrate source such as 

glucose, the condition appears to be more common. SDS can 

be developed intentionally by dietary lactate, however the 

onset time can be regulated by food (Rotter et al. 1985; 

Imaeda 2000). 

Inducing a phase of initial slow growth is the simplest way to 

avoid or minimize the incidence of this syndrome. Reduced 

day length, limited feed intake, and/or the adoption of low-

nutrient rich diets can all help to overcome this problem. A 

more feasible strategy is to utilize feed with a 5-7 percent 

drop in nutritional density, and growth-promoting substances 

in the beginning. With greater attention in genetic selection, 

the growth rate and meat yield in broilers have improved in 

recent years (Newberry et al. 1985, Pass 1983). 
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