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1) The poultry industry is currently facing an intriguing problem of visceral gout in young chicks in first few days of their life. The problem is more frequent and severe in broiler chicks than in layer chicks. This article is an attempt to examine various aspects of the problem, suggest control measures and high light the areas of research needed to face this problem more effectively.
2)
Understanding Scientific Terms                                                                           

Let us understand the exact meaning of some scientific terms used to describe malfunctioning of kidney:- 

(i)
Nephrosis – means any non inflammatory degenerative change in kidney tissue.

(ii)
Nephritis – Inflamation of kidney tissue with evidence of accumulation of polymorphs, oedema and destruction of kidney tissue.
(iii)
Uricosis – accumulation of chalky uric acid on surface of visceral organs, we call this commonly as gout.

In the case of gout in chicks, we may come across situations of nephrosis, nephritis and uricosis. Therefore we have preferred the term “nephropathy” which covers the gross and histopathological events in the episode of gout.
Malfunctioning of kidney is a prerequisite of gout. Therefore let us recollect anatomy and physiology of chick kidney.
3)
Anatomy and Physiology of Chick Kidney                                                                                  
Siller (1981) presented an excellent review on  “renal pathology of fowl” which highlights the anatomical and physiological aspects of chick kidney. In case of chicks , the two large kidneys lie extraperitoneally deep in recess of the renal fossae. Each kidney is divided in three divisions often incorrectly referred to as lobes. In fact the avian kidney is entirely made up of lobules which override the indistinct borders of the divisions and give its surface an irregular appearance reminiscent of cerebral gyrae.
An encyclopedia on renal physiology by Wikipedia recounts histological structures in context of cortex and medullary region of kidneys and their physiological functions. A single lobule consists of a large cortical and small medullary region. Nephron is the basic structural and functional unit of kidney. It has following functions:-
1) Eliminate waste from body
2) Regulate blood volume

3) Control level of electrolytes

4) Regulate blood PH

Blood is filtered by nephrons. Each nephron begins in a renal corpuscle which is composed of glomerulus enclosed in a Bowman’s capsule. Cells, proteins and other large molecules are filtered out of glomerulus by a process of untrafilteration leaving an ultrafiltrate that resembles plasma. The ultrafiltrate is passed through, in turn, the proximal convoluted tubule the loop of Henli, the distal convoluted tubule and series of collecting ducts.
Proximal convoluted tubule plays important role of reabsorption of glucose, reabsorption of oligo peptic proteins, aminoacids and regulates osmomolarity of tissues.
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Siller (1981) provided the insight on vulnerability of birds for clinical gout depending on peculiarity of its renal system. Birds are uricolectic – lacking the enzyme uricase and end product of nitrogen is uric acid. In birds uric acid accounts for approx 80% of the urinary nitrogen and is eliminated largely by active tubular secretion. Uric acid is insoluble in water. Uric acid is solubilised by birds with specific protein in proximal tubules of kidney, so that its crystallization in kidney is prevented.
Dysfunction of proximal convoluted tubule will result in the reduction of urate secretion and if the damage to nephrons is sufficiently severe and widespread, this will lead to a rapidly progressive hyper uricaemia with the well known deposition of urate crystals on the serous surface of such organs like liver, heart, peritoneum etc.

Renal failure rapidly leads to hyperuricemia which results into diffuse visceral deposition of mono sodium urate. A bird with no renal function is likely to die within 36 hrs.
4)
Aetiology                                       
Chick nephropathy is clinical manifestation of deranged kidney function. The cause of nephropathy is often difficult to determine. The original kidney damage may have occurred long before the onset of gout mortality.
The present note is restricted to the clinical syndrome of visceral gout caused by nephropathies. Possible factors that can cause on contribute to gout are:-
1) Nutritional 2) Infectious 3) Toxic 4) Lacunae in incubation – hatchery operations 5) Breeding Practices

4.1)
Nutritional Factors (excess dietary calcium and protein)

Tom roudy bush from impeccable aviaries presented an excellent review on nutritional factors affecting kidney functions. He mentions that calcium levels over 1.2% will cause kidney disease in nonlaying chickens. Vitamin D3 has been shown to be toxic to chicken when given in indiscriminately high level. The normal requirement for chicken is 200 ICU/kg for grower’s. 
Ansar et al (2004) conducted experiments to study effects of high dietary calcium and low phosphorous on urinary system of broiler chicks. They considered that the maintenance of calcium and phosphorous ratio as 1.0:0.5 is optimum and essential. Experimental chicks rations containing Ca:P ratio of 2:0.5 or 3:0.5 showed abnormalities in kidneys in respect of color, shape, size and texture. The histopathological studies of such kidneys revealed decreased cellularity, various degree of degeneration and petechial hemorrhages.

Guo et al (2005) in their experimental studies induced clinical gout by feeding high calcium and high protein (HCHP). They could induce typical visceral gout by feeding high calcium high protein diet (36.8gm/Ca/Kg – 242 gm CP/Kg). These diets caused severe damage to kidneys. High protein diets induced high uric acid value in blood. Urine volumes were significantly greater in chicks receiving high calcium high protein diets which caused severe dehydration. This was primary cause of death in affected chicks.
Phosphorous has been shown to partially protect the kidney against calcium induced damage. Phosphorous acts as a urinary acidifier and prevents kidney stones. Marginally low available phosphorous contents in grower chicks has been associated with higher gout incidences.
The feeds offered to chicks could have high calcium content due to :-
(i)
Feed milling error, accidental delivery of layer feed to a growing house or excessive early use of prelay diet.
(ii)
If the feed contains large size of calcium (CaCO3) – greater than 1-2 mm diameter, it allows greater calcium intake. The diets should therefore have calcium source rendered in to the powder and the calcium particles should not be greater than 1mm in diameter.
Feed containing more than 30% protein causes increased uric acid production which in turn creates an excretion load on kidneys.
Unfair tendency of feed manufacturers to adulterate protein supplements with urea can increase nitrogen content of feed and may indicate false protein values.

4.2)
Water
                      
Kidneys are undoubtedly severely affected by sustained water deprivation and renal failure may be the immediate cause of death. Water deprivation leads to concentration of uric acid and other minerals in the blood and later in kidneys. Water deprivation can result due to blockage of nipples, in-adequate number of waterers, extra height of water lines. Hard water with higher salt concentration is also a load on kidneys.
4.3)
Sodium toxicity

Siller (1981) reviewed various aspects of sodium toxicity to birds. Baby chicks are much more sensitive to sodium toxicity. The renal lesions caused by excess of dietary sodium 

were described as nephrosis dilatation of tubules and Bowman’s capsule, congestion of kidneys and deposit of urate crystals in necrotic kidney tubules. If there is imbalance of Na:K proportions – sodium excess could cause uraemia or accentuate an endemic kidney disease in young birds. Talbot (1978) warmed if the K+cl; Na be allowed to fall below unity, severe mortality from visceral gout would result.
Gout due to sodium intoxication is seen in younger birds when the sodium levels exceed 0.4% in water or 0.8% in feed. This generally happens when fish meal is used in diet, since fish meal is rich in salt concentration. Total content of sodium chloride in feed should not exceed 3%.

4.4)
Sodium Bicarbonate toxicity

Excessive use of sodium bicarbonate when used to combat heat stress to improve egg shell quality in layers can precipitate visceral gout. The alkalinity of urine favours stone formation.

4.5)
Vitamin A deficiency

Vitamin A deficient diets have direct effect on the ureter and collecting duct system, causing hyperkeratinisation and reduced mucin production. All other renal lesions can be explained as secondary manifestation of obstruction to ureter.
However such situations would be rare in well balanced commercial feed.

5) 
Toxic etiology of visceral gout

Such products that are used on a routine basis and are prone to human error and could contribute to genesis of visceral gout. These are:

(i)
Prolonged use of antibiotics such as sulphonamides, aminoglycosides, can severely damage kidneys.
(ii)
Disinfectants and insecticides usage – when sufficient care is not exercised to pursue the recommend dose levels.
(iii)
There are several mycotoxins that are nephrotoxic and/or hepatotoxic. These are ochratoxin A, Oosporin and deoxynialehol (DON). The kidney and liver damage caused by ingesting these mycotoxins can cause gout among other clinical signs. 
One day old chicks are much more sensitive to ochratoxin A sensitivity. It induces discernible kidney changes characterized by tubular dilation, epithelial swelling, edema and proteinaceous casts (Huff et al 1974,75)

6) 
Incubation – hatchery practices

The poultrysite.com – a very useful website deal with incubation – hatchery practices that can contribute to visceral gout – such as
(i) Inappropriate egg store condition
(ii) Excessive water loss during hatching/transport

(iii) Very low humidity in brooding

(iv) Inadequate water intake in first few days of life.

7)
Breed Susceptibility

American association of avian pathologist report (1992) states – 
Sussex chickens and RIR chickens were used to study pathogenicity of strain G 4260 of avian nephritis virus. It was seen that Sussex chickens are more susceptible to ANV infection as compared to RIR chicks.

This shows that the susceptibility of different breeds could vary.

8)
Infection

 

Viral agents known to be involved in gout are, infectious bronchitis virus (IB) and avian nephritis virus (ANV). Infectious bursal disease virus causes devastating volcanic mortality both in broiler and layer chicks which presents a different clinical syndrome than baby chick nephropathy. But IBD virus causes immuno suppression of affected birds which are prone to subsequent infection by ANV.

8.1)
Infectious Bronchitis Virus





Julian and Willis (1969) isolated variant strains of infectious bronchitis virus which were involved in infectious primary kidney lesions in chicken. Such strains are known as nephropathogenic strains of I.B. The strain involved in an outbreak occurring in 700 hybrid leg horn pullets is now known as “Holte” strain. Young chicks of 1 day old were susceptible. The nephropathogenic strain of IB virus are now isolated in almost all countries of the world. 
It is important to remember that the control of nephrotrophic IB infections will need the use of IB inactivated vaccines in which relevant nephrotrophic strains are incorporated in addition to use of live H120 mass vaccine.

It is usually considered that infectious bronchitis virus is not a vertically transmitted disease. Cobb (2011) however contributed a very valuable article, “The spread of pathogen through trade in poultry hatching eggs – overview and recent developments.” Citing cavnagh and Nacp he highlighted the information that IB virus can be isolated from the eggs laid by recovered birds even upto 43 day after recovery. Thus there is an indication that carrier birds cause transmit IB virus vertically.

However this is still a disputed point.

8.2)
Avian Nephritis Virus





Yamaguchi et al (1979) isolated avian nephritis virus from renal contents of apparently normal one week old broiler. Earlier it was classified as Picarno virus but on the basis of PCR studies it is now placed in family Astroviridae.

Mandoki (2006) has reported extensive work on “molecular diagnosis of certain viral disease of poultry, detection of ANV and phylogenetic comparison of different Hungarian viruses” as a part of his PhD programme.

Three serotypes of the virus are known and they have been mentioned as ANV 1 (G4260), ANV 2 (M6 and M8), ANV3 (WG 3,4, and 5) shiraz et al (1992) conducted pathogenicity experiments on different ANV isolates and his work indicates that there is antigenic diversity between different isolates. Although we have the problem of Baby chick nephropathy in India, there is no report so far about isolation of ANV in India.

8.2.1)
Isolation of ANV




ANV was first isolated in chicken kidney cell culture from renal contents of one week old broiler chick. It seems that intestinal contents is the material of choice for attempting isolation.  

However, most of the confirmatory work on incidence of ANV relied on ANV specific RTPCR and transmission electron microscope (TEM) examination of intestinal sample of chicken showing enteritis, acute nephritis and gout.
8.2.2.)
Transmission



 
Principal method of disease transmission is via feces. ANV is also transmitted vertically.
8.2.3)
Susceptibility to ANV virus
Imada and Kawamura (1997) have described clinical signs of ANV in one day old chick. The clinical signs under field conditions may vary from none to so called baby chick nephropathy.
Although data in literature suggests that ANV infection produces nephritis only in one day old chick (Imada and Kawamura 1977), the viral nucleic acid was present in birds upto 3 week old showing weak rearing results Mandok (2006) stated that ANV is a disease of newly hatched chicks. Young chicks are the only animals to develop clinical disease and distinct kidney lesions. 

Compendium published by CABI during oval project categorically states that only chick less than 2 weeks old exhibit signs.

It is categorically stated that ANV causes mild or subclinical infection but nephropathy and death can result in susceptible and immune suppressed chick.
Day old broiler chick is considered to be most susceptible.

9)
Combined Infection 





Several research groups have examined the ANV virus. The exact predisposing factors, the process by which ANV causes the disease is not understood. The susceptibility to ANV increases if chicks are immuno suppressed (Shinaj and Nakamura 1990). 
Mandoki,M (2006) studied the incidence of chick nephropathy in Hungary in 25 farms. He isolated IB virus in 11% cases and IB + ANV virus in 33% cases.
Imada and Kawamura (1997) realized that the possibility of IB + ANV to evolve simultaneously should be always kept in mind when diagnosing the outbreaks of baby chick nephropathy. Palade(2011) reported this work on newly emerged enteric disease (ED) syndrome causing serious economic losses throughout the world and have become a challenge for research workers in the field of poultry diseases. Viruses from numerous families have been identified in the intestinal tracts of poultry with ED – Astro Viridae (ANV), Corona viridae. In his doctoral thesis, Dr. Palade mentioned about frequent coinfections with viral pathogens causing similar signs. ANV and IB can lead to nephropathy, subsequent gout and enteritis. Although IB causes respiratory disease, the virus also replicates in many non-respiratory epithelial cells of kidneys, gonads, oviduct, intestines where it may cause pathological changes (Nephropathic Strains). IBDV is one of the most important immune suppressive agents in modern poultry production.

The high incidence of cases with similar clinical signs and pathological conditions (nephropathies) raises the possibility of simultaneous infection of IBV, IBDV and ANV. Therefore there is practical need to detect these three pathogens in tissue samples by employing quick reliable and cost effective protocols.

10)
Baby Chick Nephropathy




 

While pursuing the published literature on baby chick nephropathy we find articles separately considering issues of nutritional factors, specific infections, combined infection, toxic factors which lie within the scope of the studies of learned author.

Siller (1981) however dealt this topic in a comprehensive manner and has published a very precious monograph on “Renal pathology of the fowl” in which he has dealt “baby chick nephropathy” as a field problem and presented a comprehensive picture of the disease.

The reasons of deranged kidney functions could be varied as dealt in paragraphs 4,5,6,7,8 and 9 but they could result in syndrome presenting similar clinical picture.

There is no disagreement on the finding that this is a syndrome affecting newly hatched chicks. The upper age limit is usually stated to be 5 days but upto 10 day old chicks have been found suffering. Renal lesions were seen as early as one day of age and highest mortality occurred on 5th day.

In view of the fact that one day chicks can show advance lesions of visceral gout there is little doubt that atleast in the very young birds the disease is contacted in ova.

The rapidity with which visceral urate deposits occur on serous surfaces is amazing. This can happen when ureters are blocked. It may not be possible to implicate anyone of the single factor as cause of baby chick nephrosis. Siller (1981) helplessly admits, “ one does not even know whether “ Baby chick nephrosis” is a single disease entity of constant etiology and whether all the affected birds show the same lesions or how many different problems are covered by this term.”
It is therefore very clear that when dealing with outbreaks of baby chicks nephropathy, one has to address the problem with open mind taking into consideration all aspects of aetiology. Prejudiced approaches may not work.

10.1.
Clinical Syndrome





Affected chicks appear dull with ruffled feathers and moist vent. The feed intake is reduced. There is irregular and excessive enlargement of kidney lobules. Urate crystals are seen all over the visceral organs like the heart, liver, kidney and even under the skin.
The studies on experimental infection of ANV to young chicks revealed clinical symptoms such as diarrhea, emaciation, growth retardation and poor feathering. Infected chicks depending on the pathogenic nature of infecting strain of virus suffered with severe visceral gout resulting into mortality.
10.2.
P.M. Findings 




Swelling and paleness of kidney with excessive urate deposition on serous membrane of viscera and kidney causing diffuse white stripling throughout the organ.
10.3.
Histopathology




Two different types of lesions are seen :

Type I
- widespread degeneration primarily of proximal convoluted tubules with vocuolation and eventually necrosis. The lesion is confined to cortex although the empty collecting ducts of the medulla may be little dilated. Inflamation is not seen in type I lesions.
Type II – Reaction is confined to collecting duct system. Collecting duct systems and ureter branches are distended and severely impacted with inflammatory cells, debris and large crystals. There is no interstitial inflammation.

Looking to type I and type II lesion, it is appropriate to call this malady as nephropathy rather than nephrosis or nephritis.
It is not possible to differentiate ANV, IB and IBD on basis of kidney lesion.

11)
Diagnosis




The non inflectional factors responsible for baby chick nephropathy will need a quick technical audit on managemental systems, adequacy of water, possible mycotoxins in feed, unintentional errors in actual availability of calcium, phosphorus, protein etc.

Diagnosis of infectious causes of visceral gout will need to look for IB, ANV and IBD coinfections or singular infections of IB and IBD. IB and IBD virus are easier to isolate and with little effort it should be possible to differentiate vaccine virus or wild virus involvement. But this is a protracted exercise.

Isolation of ANV virus is complicated exercise. All the ANV isolates are not pathogenic, therefore mere presence of ANV virus does not underline the cause of mortality/visceral gout. 
Mandoki (2006) and Palade (2011) – both from Hungary have been able to diagnose ANV, IBV and IBDV simultaneously by using on RTPCR assay.

They modified the suggestions accompanying commercial kit for mRTPCR reaction. They optimized the thermal profile for developing the test. The specificity of the primer pairs was proven by the successful amplication of the expected results without the presence of non specific bands. It was possible for them to simultaneously detect ANV, IBV and IBDV in a single m RTPCR test.
12) 
Control




While designing control methods, it is necessary to remember multi factorial aetiology of the clinical manifestations of visceral gout in baby chicks.
Nutritional, infectious, toxic, hatchery practices, breed susceptibilities are the factor which could singularly or in various combinations could precipitate the condition.
While it will be easier to remove unintentional errors in nutrition (calcium, protein excess, CA : Protein, water availability, sodium toxicity, Vit A deficiency) it will be difficult to design effective control methods for infective etiology of baby chick nephropathy.
Let us remind ourself that we are dealing with a disease of early chick life – perhaps first few days of their life and more so in broiler chicks. Therefore our first consideration should be hatching eggs.
12.1.
Hatching Eggs




Cobb (2011) published an excellent paper. “The spread of pathogens through trade in poultry hatching eggs – overview and recent developments” which has far reaching consequences. The poultry industry has now specialized sectoral functionaries. Apart from dedicated hatchery of breeder companies, there are specialized custom hatching services where hatching eggs get pooled.
Avian nephritis virus is no doubt vertically transmitted. Cobb (2011) citing work of cavanagh and Nacp indicate that breeders surviving IB infection could be carrier of IB virus and thus fertile eggs could transmit IB virus.
Such eggs can yield a crop of chicks which will be easily prone to baby chick nephropathy.
The understanding of the role of ANV in baby chick nephropathy is comparatively recent contribution of research in economically important poultry diseases.

The work reported so far on role of ANV creates an impression that ANV by itself has a very marginal pathogenecity but it gets activated when chicks are immunosuppressed and in association with nephrogenic strains of IB.
Therefore while deciding control methods for inflectional etiology of baby chick nephropathy, we have following important parameters to consider:
(i)
This is a disease of early chick life. One day old broiler chicks are highly susceptible, mortality is highest in 1st week of life.

(ii)
ANV by itself creates a very mild disease but in association with IB and IBD or in immunosuppressed chicks spur a disease manifesting as visceral gout.

(iii) Nephrogenic strains are now prevalent almost all the world over. 
(iv) Hatching eggs can vertically transmit ANV and IB.

Therefore the practical control measures of infectious etiology of baby chick nephropathy centers around:
(i)
Commercial chicks should receive IB vaccines as per schedule

(ii)
The breeder birds should be properly immunized against IB and IBD with effective IB inactivated vaccine (incorporating relevant nephrogenic strain of IB ) and IBD inactivated vaccine so that Doc have high maternal antibody. 

Chicks for such parentage shall present no opportunity to ANV to super impose. This is the most practical approach as available today.
Mandoki (2006), Palade (2011) CABI oval project stated that effective vaccine for ANV are not currently available. This is probably due to economic impact of ANV being unclear and insufficient knowledge about astro viruses.

(iii)
The laboratories can arrive at correct diagnosis of inflectional etiology by procuring m RTPCR kits.
(iv)
Bio security methods, formaldehyde fumigation during downtime.
(v)
All in all out policy of management 

(vi)
Reducing exposures to cold weather, avoiding dehydration, overcrowding, care during transport because these are situations which immunosuppress.

13)
Treatment 


 

There is no specific treatment that could be effective in infectious etiology of visceral gout.

The success of treatment will depend on the extent of damage to kidneys and reversibility of the pathological lesions.

The basic principle is, acidic urine does not promote urolithiasis. Basic urine promotes urolithiasis. The first golden principle of any treatment is “remove the cause” and “give rest”. Thus reducing calcium – protein content of feed, correcting Vitamin A allowances, auditing mycotoxin levels will reduce the working load of kidney & promote healthy epithelial tissue.
Ayurvedic preparations containing extracts of crataeva nurvala, Tribulus terrestris, Boerhaavia diffusa, hemidesmes are reported to be useful. Berberi’s vulgaris – a homeopathic drug has been used successfully by some consultants.
Urine acidifier such as vinegar, potassium chloride, acid mixtures of fumacic acid, phosphoric acid, citric acid, malic acid, phenolic acid, pectin, methioinine, sodium hydrogen carbonate – ammonium chloride, Ascorbic acid – citosidine – formulations available under various trade names have been used almost as a salvage measure.
Gout itself is not a specific disease. It is clinical manifestation of deranged kidney. If the kidney damage is marginal and the damage is reversible the therapertic agents get time to act and show their benefits.
However if the damage is irreversible as in case of IB-IBD, ANV therapetic management may be of little value.
14) Conclusion

Attempt has been made to present all the information on visceral gout – baby chick nephropathy which should help in deciding effective control programme . 
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