Seroprevalence of Toxoplasma gondii in chickens in some Egyptian governorates
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Abstract: Toxoplasmosis is one of the most common diseases prevalent in the world, caused by a coccidian parasite Toxoplasma gondii, which infects humans in addition to animals and birds. The disease has great economic importance in the Veterinary field in addition to its risks to public health.   Poultry consider reliable human source of food through production of meat and eggs in addition it is considered an intermediate host in transmission of the disease to humans. Seroprevalence of antibodies against T .gondii in chicken sera (free range or house reared and commercial farm chickens) had been detected using ELISA to estimate the infection rates with T. gondii among Egyptian chickens, comparison between free range chicken (house reared) and farm chicken in terms of prevalence of antibodies of the parasite and also comparison between the results in six Egyptian governorates were be conducted. The results showed the following, the total number of positive samples (302) serum samples of the total (439) with infection rate of (68.79%), while the Prevalence of antibodies against T. gondii in the six Egyptian governorates were 59.45%, 82.3%, 67.1%, 62.2%, 75%, and 50% in El Sharkia, El Gharbia, Kafr El sheikh, Cairo, Quena and Sohag governorates, respectively. The rates of prevalence were less in Upper Egypt (Sohag and Quena) than Lower Egypt governorates (El sharkia, Kafr el sheikh and El Gharbia) and Cairo. Also, generally the seroprevalence in free range chickens (home reared) higher than that of the farms which may attributed to different method of rearing as free range Chickens feed on ground, as well as higher contact of cats on free range chickens than farm chicken. Moreover, this study is the first were used locally isolated antigen from chicken meat.
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INTRODUCTION

There is no doubt that the world suffers from the lack of nutrition especially those of animal origin, such problem is enlarged day after day especially in Egypt. Poultry sector is one of the key elements in the economies of developed countries as it is one of the main sources for the provision of animal protein and meat (Poultry now accounts for 30% of all meat) consumed.   In Egypt Taha (2003), stated that poultry production in Egypt and other middle-income countries totaled 37.5 million tons, compared with 29.3 million tons in high-income countries and only 3.6 million tons in low-income countries. So the improvement of poultry production is an important way to save these requirements of proteins. 

The parasite is an obligate intracellular, the definitive hosts only are domestic and wild cats; in which the sexual phase of the life cycle occurs in the intestinal epithelium ended by the shedding of unsporulated oocysts in feces and the sporulation occurs outside the host. In the intermediate hosts which are either animals or man a transient acute phase caused by tachyzoites followed by the chronic phase which is characterized by formation of dormant tissue cysts contain bradyzoites (Dubey, 1986). Humans become infected postnatally by ingesting tissue cysts from undercooked meat, consuming food or drink contaminated with oocysts or by accidentally ingesting oocysts from the environment (Dubey, 2004). 
Because of T. gondii has broad host range, its High infection rates and its benign co-existence with the host, T. gondii is regarded as one of the most successful parasites on earth. Toxoplasma gondii is a global Parasite with no known geographical boundaries (Carruthers, 2002).

This high prevalence of infection in man proves the importance of toxoplasmosis as a zoonotic disease, particularly in pregnant women and immuno-compromised patients (Tenter et al., 2000).
T. gondii strains have been classified into three genetic types (I, II, III) based on restriction fragment length polymorphism (RFLP).   It has been suggested that type I isolates or recombinants of types I and III are more likely to result in clinical toxoplasmosis (Howe et al.,., 1997), but genetic characterization has been limited essentially to patients ill with toxoplasmosis. Contrary to those of humans, most isolates of T. gondii obtained from animals and genetically typed were type II or type III, irrespective of the clinical status of the animal (Howe and Sibley, 1995). 
The control of T. gondii infection appears to be difficult under the local conditions, as most food animals easily to become infected through oocysts, which are spread from cat feces and can strongly resist the adverse environmental conditions (Leighty, 1990).    



The objective of this study is to estimate the seroprevalence of T. gondii infection in chickens in Egypt and role of infected chickens in the epidemiology of toxoplasmosis in humans through studying the prevalence of T. gondii infection among chicken free range and  commercial farm in some Egyptian governorates ( Quena , Sohag, El-Sharkia ,El-Gharbia, Kafr El-shiekh and Cairo ) by collection of serum samples and carrying out the most common serological test used for detection of antibodies levels against T. gondii using ELISA serological test and genotyping to the causative agent; Compare the relative contribution of different livestock species to meat borne T. gondii Infections by quantitative microbial risk assessment and to get more insight in oocyst contamination of the environment and possible intervention measures taken at the definitive host.

MATERIALS AND METHODS

Experimental animals (Mice)

Swiss albino laboratory breed mice about 1 month-old their body weight varies from 25 to 35 g were obtained from animal house laboratory in the National Research Center (NRC) all over the long term of this study. 35 mice were used for maintenance of T. gondii local strain and for bioassay of the suspected infected tissues with the studied parasite. All mice were kept in clean cages, fed on pelleted food and clean water supply with multivitamins. 

Isolation of viable T. gondii tissue cyst in tissues of naturally infected chickens 
In order to study distribution of viable T. gondii tissue cyst containing bradyzoites in tissues, collected chicken tissue samples were prepared   according to Kotula et al.,., (1983). The number of chicken used and type of tissues for demonstration of viable T. gondii in tissues with its corresponding governorates, age and source of chickens described in table (1).
Table (1): Number of chicken tissue type used for demonstration of viable T. gondii with its corresponding governorates, age and source of chickens

	Governorate
	Chicken age (day)
	Number of brain 
	Number of heart 
	Number of pectoral muscle 

	Kafr.el-shiekh
	350
	25(FR)
	20(FR)
	15(FR)

	Cairo
	45
	30(SH)
	70(SH)
	20(SH)

	El Gharbia
	300(FR)

55 (SH)
	45(FR)
	60(SH)
	20(SH)


FR: free range chicken.  SH: Slaughter house chicken 
Serological investigation for detection of T. gondii antibodies in the chicken sera

Chicken blood collection and sera preparation


Blood samples were collected in dry, sterile screw capped tubes of 15-cm from 439 apparently healthy chickens ( free range and commercial farms) from six governorates  include  El Gharabia, Kafr El-shiekh  ,El Sharkia  ,  Cairo,Sohag  and Quena. Negative control serum was obtained from non-infected (6) chicken of group (with each plate) during the experiment.  Samples were centrifuged at 3000 rpm for 15 min and stored at – 20 0C until used.
The number serum samples examined after blood collected and sera preparation from each governorate summarized in table (2).

Table (2): Number of chicken serum samples examined including age and source of chickens with its corresponding governorates

	Commercial farm chicken No  (C)
	Free chicken No

(FR)
	Chicken age
(Days)
	Governorate

	7
	42
	270 days (FR)
44 days (C)
	El Sharkia

	20
	133
	300 days (FR)

55 days (C)
	El Gharbia

	36
	-
	45 days
	Cairo

	-
	76
	350 days
	Kafr El-Shiekh

	30
	5
	250 days (FR)
48 days (C)
	Sohag

	90
	-
	52
	Quena



 Serological survey for detection of T. gondii antibodies

The collected chicken sera were examined serologically for detection of T. gondii antibodies using the Enzyme Linked Immunosorbant Assay (ELISA), the procedures adopted according to accordingly  Lind et al., (1997) and the whole soluble tachyzoites antigens were prepared as described by Waltman et al., (1984).

Statistical analysis


Statistical analysis was performed using SPSS Version 12.0 for Windows. The squared test was performed to assess the statistical significance of differences in the prevalence of serotypes for different hosts according to Freed et al., (1990). p values of less than 0.05 were considered significant.

RESULTS

Morphological studies of the isolated T. gondii developmental stages:


The two infective developmental stages of T. gondii were isolated and could be described as follows:


1-Tachyzoites:

They were obtained from the peritoneal exudates of previously inoculated mice 2-3 days earlier during maintenance of the T. gondii strain or obtained from mice inoculated with infected digested chickens' tissues after 6-8 days from inoculation. Tachyzoites found inside leucocytes (lymphocytes & macrophages) or free in the peritoneal exudates after rupture of leucocytes also it was noticed that More than half Number of mouse (19 mice from total 35 mice used in bioassay).


The isolated tachyzoites in freshly obtained unstained peritoneal exudates were often crescent in shape or banana shape,  pointed at one end and rounded or blunt at the other one, their size ranged from (2 – 3) μm in width X (5 – 7)um in length (mean 2 X 7 μm). After the fixation and staining of peritoneal smear with Giemsa stain (Fig 1), the tachyzoites showed pale blue cytoplasm with reddish purple nucleus, which centrally located or near the blunt end. The leucocytes appear as dark blue color and red blood cells if found appeared grey blue.

2- Tissue cysts containing bradyzoites:



The tissue cysts of T. gondii were noticed in the fresh smears after digestion of heart and brain tissues. The tissue cyst is the resting stage of parasite within the host, they were usually sub-spherical to spherical in shape, and its cyst wall was thin elastic and will defined enclosing up several hundreds of crescent shaped Bradyzoites.    (Fig: 2).
Distribution of T. gondii tissue cyst in digested tissues of naturally infected chickens


The distribution of Tissue cysts containing bradyzoites after digestion was differing from tissue to another and from governorate to other governorate. Generally it's noticed that higher prevalence than other in FR than commercial farm chickens (Table 3).

In Gharabia governorate bradyzoites were detected in 12 (20%) hearts from 60 hearts, Kafr El sheikh governorate were detected 6 (30%) from 20, while in Cairo governorate were detected in 28 (40%) from 70 hearts (total). While in brain, Bradyzoites could be detected in 2 brains (10%) from 45 brains in El Gharabia governorate, in Cairo governorate could be detected in 3 brains from 30 brains collected (10%), while in Kafr El sheikh could be detected in 2 (8%) brain from 25 brains.
But T. gondii Tissue cysts not be detected in all pectoral muscle samples collected. 
Table (3) Distribution of T. gondii Tissue cysts in digested tissues of naturally infected chickens
	Governorate
	Tissue
	Number of chickens
	Number of positive chicken
	Percentage of infection

	El Gharbia
	Brain
	25 (SH)

20 (FR)
	0

2
	0

10%

	
	Heart
	60(SH)
	12
	20%

	
	Pectoral muscle
	20(SH)
	0
	0



	Kafr El Sheikh
	Brain


	25(FR)
	2
	8%

	
	Heart
	20(FR)
	6
	30%

	
	Pectoral muscle
	15(FR)
	0
	0

	Cairo
	Brain


	30(SH)
	3
	10%

	
	Heart


	70(SH)
	28
	40%

	
	Pectoral muscle
	20(SH)
	0
	0

	Total
	Brain


	45 (FR)

55 (SH)
	4

3
	7%

	
	Heart
	130(SH)

20(FR)
	40

20
	40%

	
	Pectoral muscle
	40(SH)

15(FR)
	0


	0


Results of serological investigation of T. gondii antibodies detection in chicken sera ()

Examination of the 439 serum samples of chickens by ELISA revealed that 302 sample (68.79%) had antibodies against T. gondii, which was considered the percentage of infection and the ratio of sero-positive in each governorate (Table 4 and Fig 3). The result from El-sharakia Governorate was 61.95% in commercial farm chicken sera, while in free range chickens collected samples was 57 %. In El-Gharbia Governorate was 79.6%% in commercial farm chicken sera, while in free range chickens collected samples was 85%%. In Cairo Governorate was 27 chicken sera (75%) have antibodies against T. gondii from total 36 in free range chickens collected sera samples. In Kafr El sheikh Governorate was 51 chicken sera (67.1%) have antibodies against T. gondii from total 76 chicken sera in free range chickens collected sera sample. While the seroprevalence in Quena Governorate was 56 (62.2%) from 90 total collected chicken sera in commercial farm chicken sera and in Sohag Governorate the seroprevalence rate was 40% in commercial farm chicken sera, while in free range chickens collected samples was 60 % of the collected samples have antibodies against T. gondii .

Table (4) the seroprevalnce of T. gondii in six governorates

	Governorate
	Source of chicken
	Number of chickens
	Number of positive 
	Percentage of infection

	El Sharkia
	Commercial Farms(c)

Free range (FR)
	42

7
	26
4
	61.9%
57%

	El Gharbia
	Commercial Farms(c)
Free range (FR)
	133
20
	106

17
	79.6%
85%

	Kafr El-Sheikh
	Commercial Farms(c)
Free range (FR)
	-

76
	-

51
	-

67.1%

	Quena
	Commercial Farms(c)

Free range (FR)
	90
-
	56

-
	62.2%

-

	Cairo
	Commercial Farms(c)
Free range (FR)
	36

-
	27

-
	75%

-

	Sohag
	Commercial Farms(C)

Free range (FR)
	30

5
	12

3
	40%

60%

	Total
	Commercial Farms(C)

Free range (FR)

Total
	331

108

439
	227

75

302
	68.58%

69.4%

68.79%


Discussion


The distribution of T. gondii in chicken might be related to the cats that disseminated the oocysts in the soil. On the other hand, cats could be infected from eating chicken meat, wild birds and rodents infected with T. gondii. However, investigations on these hypotheses still need to be conducted so that the present survey showed that seroprevalence rates was higher in older group (FR) than commercial farms (C) and slaughterhouses (SH) may be this one of the main causes as Some studies have shown that consuming undercooked infected chicken meat is an important source of T. gondii infection for humans Asgari et al.., (2006). Therefore, T. gondii infection in chickens is epidemiologically significant. So People have the habit of eating under-cooked chicken meat, should be aware of the risk of encountering T. gondii infection. 


The present study was conducted on 439 chicken sera sample collected six Egyptian governorates as discussed previously and serologically examined using ELISA which was of a great sensitivity, objective, quantitative, low coast and may be automatically adopted, but it need a refinement in the procedures and standardization of the antigen used as reported by Dubey et al.,(1995), also as revealed in the study in naturally infected sheep than other serological testes this reported by Shaapan and Khalil (2008), so that the variation of results in the present study from previous studies may be attributed to high sensitivity and specificity of ELISA as method for diagnosis if compared to Dye Test (DT) which it does not work with chicken sera or gives erratic results. 

Many surveys detecting T. gondii infection in FR chickens have been conducted in a number of countries and the prevalence rates in most of these studies ranged between 36.3% and 85.7% (Dubey et al.,., 2003, 2005a, 2007, Lindstrom et al.,., 2008). The seroprevalence of T. gondii in domestic birds varies within countries due to the testing methods, the number of examined animals, type and hygiene of animal breeding. T. gondii populations are distinct among different countries .However, in the present study, the surveyed governorates showed that the total seroprevalence of T. gondii in FR chickens was 68.79% which is significantly lower than some reports in other countries including Nicaragua was (85.7%) as reported by Dubey et al., (2006),   while other study in Illinois -USA was 100 % in the study carried out by Dubey et al.,. (2007), Guatemala was (74%) as revealed by Dubey et al., (2005b).
In Our present study the total seroprevalence of T. gondii in FR chickens are nearly similar to that of some reports in other countries including, La Platain, Argentina was 65.5%as recorded Dubey et al.,. (2003), Dubey et al., (2006) reported similar result of seroprevalence ratio in his study in Amazon, Brazil which was 66%, also nearly similar result was 65.8% in Guyana in the study carried out by Dubey et al., (2007), in Ghana Dubey et al., (2008) reported similar results was 64% and Chumpolbanchorn et al., (2009) in Thailand recorded sero-positive ration for T. gondii reached to 64%.

The infection rate in this study was significantly higher than previous study in Egypt which indicate that ELISA method was more sensitive than MAT. So, the variation in seroprevalence rates of Egypt might mainly depend on the sensitivity of the serological methods used and also the age at which the samples were collected. These results indicated that T. gondii infection was spread widely in Egyptian poultry and in accordance with previous studies that the average rate always above 30% as reviewed by Dubey, (2009).

Considering the age, the present survey showed that seroprevalence  rates was higher in older group (FR) than commercial farms (C) and slaughterhouses(SH)  group which mostly not exceed 50 day, Although the differences were not statistically significant Meanwhile, the overall seroprevalence showed that the infection was much more spread in older chickens than the younger ones. These findings were similar to those of some previous investigations in goats and sheep (Wang et al., 2011) in china. The reasons behind this might be that the older animals had more opportunities to get infected than the younger ones. In addition, for generally antibodies once produced may persist for a long time, so it is much likely to detect antibodies in older chickens than in the younger ones and accordingly the infection status can be defined as dormant in older and active in the younger. 
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Fig (2): Giemsa stained T. gondii tissue cysts (X 1000) 








Fig (1): Giemsa stained T. gondii Tachyzoites (X 400) 








Fig (3): chicken T. gondii infection in corresponding to different Egyptian governorates                             











