up to 465 million metric tons. Because of religious and practical reasons, poultry production in the animal production is expected to increase the most. Table 1.2: World poultry meat production by region Million metric tons

CHAPTER INTRODUCTION

Poultry is a category of domesticated birds being raised by humans for the purpose of their meat, eggs and various other products. They are the global source of animal protein and are intensively reared among all livestock species. The word poultry is being derived from the French word "Poule", which itself has its origin from Latin namely "Pullus" meaning 'Small Animals'. Certain examples of the poultry animals are being listed in table 1.1: 

POULTRY PRODUCTION

It has been reported that during 2010 the worldwide poultry production was around 94.2 million metric tons, whereas during 2009 the production accounted for about 91.9 million tons of the total meat production which accounted for 281.5 million metric tons (Table 1.2). Also the pork and beef production remained to be 103.6 and 64.7 million tons respectively. The demand for poultry has increased from 68.8 million tons over a period of 10 years (United Nations Food and Agriculture Organization, 2009). For FAO, the human population is expected to increase of 50% by 2050 requiring an increase of meat production (ii) Yarding -Similar technique of free range farming were the poultry are raised in a fenced environment.

(iii) Intensive farming -In this type of farming the birds are housed in a row of cages were the environmental conditions are controlled.

Whatever the strategy applied, the animal manure ends in soil either by animal dropping or manure collect, storage and land application.

POULTRY POLLUTION

In addition to the usage of animal products towards the feeding and welfare of the human race, there are some of the disadvantages due to the inefficiency and nonregulatory approach in the animal production. These disadvantages are soil, water and air pollution by organic matter, nutrients, pathogens and gaseous emissions.

While soil and water pollution has been acknowledge for a long time, green house gases (GHG) emissions have been attributed primarily to human use of oil, natural gases and coal. The carbon dioxide emissions from domesticated animals has been

CemOA : archive ouverte d'Irstea / Cemagref underestimated for a long time. For all animal productions, it has been estimated in 2006 by the United Nations Food and Agriculture Organization (www.worldwatch.org) that around 7,516 million metric tons per year of CO 2 equivalents or 18% of the annual worldwide GHG emission are attributable to livestock.

In the case of poultry production the major concern is about ammonia emission from manure. Ammonia is produced as a by-product of the microbial decomposition of the organic nitrogen compounds in manure and is emitted from confinement building, open lots, stockpiles, anaerobic lagoons and during land application from both wet and dry manure. In US, the ammonia emission from the poultry farming has been estimated to be 648,200 tons in 2010 and it is expected to rise up to 720,449 tons by 2015 (United States Environmental Protection Agency, 2004). In animal house, NH 3 is a health risk to animal and man, because long-term exposure combined with dust can cause severe lung diseases (Seedorf and Hartung, 1999). Furthermore, high concentration of NH 3 may reduce animal performance.

POULTRY PRODUCTION AND SANITARY ASPECTS

Like for all animal productions, the poultry also serves as a host for the pathogens, due to inadequate practice of "Biosecurity", which is defined as "Protecting the health of livestock by preventing the transmission of disease through physical barrier and hygiene practices".

Diseases or Infection may results from direct or indirect causes that reduces the immunity of the poultry animals. Direct causes are due to the invasion of pathogens, while the indirect causes include nutritional imbalance, toxins, injury and stress (Figure 1.1). In rural areas the poultry production is often characterised by a range of diseases occurring at the same time. Diseases are introduced from a reservoir of infection, in order to cause an infection in animals were such organisms survive and multiply. Transmission may be either Direct or Indirect via a vector or other intermediate host. Most often diseases outbreaks are characterized with a high number of endoparasites and ectoparasites. Pathogen reservoirs may be other living organisms including poultry or inanimate such as water and soil.

Animate or Live Reservoirs:

• Other domestic livestock

• Wild birds

• Wild animals, including rats and rodents 

• Arthropods

CAUSATIVES OF POULTRY DISEASES

Inadequate measures in the hygienic condition at various levels of the poultry farming and the transmission of the infectious agents causes disease in the poultry animals.

The disease may be either (i) Clinical which shows the symptoms after a certain period of infection or (ii) Subclinical which is asymptomatic and does not show any apparent sign of infection.

The poultry diseases can be broadly classified into five types based on the causes of infection. They are: Bacterial, Viral, Parasitic, Fungal and nutritional deficiency (Table 1.3). In the case of industrial poultry production, the animals are living on litter that with time accumulates manure. Organic matter degradation generates ammonia emissions that conduct to lung irritation and open a way for infection. For livestock production, therapeutic antimicrobial products are being used in the treatment and control of many types of infection in a wide variety of animal species, including poultry. When there are signs of any symptom of disease then both the sick and healthy animals are treated with a therapeutic level of antimicrobials for a recommended period of time. This reduces the spread of diseases to other animals. At times the antimicrobials are also used in small amounts along with the feed for digestive enhancement. This is carried out in a view of improving the efficiency of digestion. Finally the antibiotics are being used for three broad fields: 

•

Prevention of clinical and sub-clinical diseases:

Certain infections are being treated before the clinical signs. Many infections have been eliminated from the majority of the poultry population by means of eradication.

Examples of such infections that are being eradicated are Mycoplasma gallisepticum, Mycoplasma meleagridis, Mycoplasma synoviae. Treatments will widely vary according to particular infection, pathogenicity of the strain, types of problems and intercurrent infections. Years before its been common for all starter feed to be medicated up to 10 -20 days of age in a view of controlling non-specific infections. Now-a-days routine medication is used in short term of 3 -5 days in drinking water and may be targeted at particular "atrisk" populations (usually progeny of very young or old parent flocks).

Modification of Intestinal Bacterial Flora

Digestive enhancing or growth promoting antibiotics are used to moderate the balance of intestinal bacteria. Their main effect is not in enhancing growth but in improving production efficiency by better feed conversion. It also benefits in the control of clinical and sub-clinical diseases. Example of such antibiotic is Ionophore anticoccidials. been unrealistic because of the potential pathogenic interactions between humans, animals and also with the presence of bacterial gene transfers.

A common question that arises out is whether the resistance is a result of bacteria evolving new genes in response to the presence of antibiotics or is antibiotic resistant bacteria selected for in the environment by possessing antibiotic resistance genes beforehand? Indeed, not all bacteria are defenceless against the antibiotics. Many organisms possess mechanisms to neutralize the effects of antibiotics and prevent attacks on their cell machinery. There are various mechanisms by which the organisms do protect themselves against the antibiotics. Some of them are listed below:

Ribosomal Protection Proteins (RPP)

Ribosomal Protection Proteins are a source by which bacteria protect themselves from antibiotics targeting the protein synthesis machinery. These proteins protect ribosome by binding to them and changing their shape and conformation. This change prevents an antibiotic from binding and interfering with protein synthesis. The RPP bound ribosome is able to function normally during protein synthesis.

Efflux Pumps

These efflux pumps are located in the cell membrane and the offensive antibiotic is being pumped out of a cell that possesses these pumps before they could harm • The Major Facilitator Superfamily (MFS)

• The ATP Binding Cassette Superfamily (ABC)

• The Small Multidrug Resistance Family (SMR)

• The Resistance Nodulation Cell Division Superfamily (RND)

• The Multi Antimicrobial Extrusion Protein Family (MATE)

Of these only the ABC Superfamily are Primary Transporters which utilizes Adenosine Triphosphate (ATP) as the direct source of energy. The others are Secondary

Transporters utilizing proton or sodium gradient as a source of energy, which are created by the primary transporters. ) groups to a specific site on the antibiotics. This modification reduces the ability of the antibiotic to bind to ribosomes, rendering it harmless to the cell [START_REF] Robicsek | The worldwide emergence of plasmid-mediated quinolone resistance[END_REF]. All the three mechanisms of antibiotic resistance are being found in the Streptomyces species which are a producer of large number of antibiotics. By these mechanisms they do protect themselves against their own antibiotics.

Mutation

In addition to the above said mechanisms the antibiotic resistance can also be achieved by DNA mutations in a ribosome or protein gene that changes the site where an antibiotic binds. Mutations may prevent the antibiotic from binding to the ribosome/protein or allow the ribosome/protein to function even while the antibiotic is bound. Usually, these mutations come with a cost, that they slow the process of protein synthesis or function, slow growth rates and reduce the ability of the affected bacterium to compete in an environment devoid of a specific antibiotic (Jeong et al., 2005).

Transfer of Resistant Gene

Once the antibiotic resistance gene has been selected/created, the second critical step is its spreading in the environment. A unique characteristic of a bacterium is its ability to transfer genes to other bacteria, by a process called as Lateral Gene Transfer.

Genes located on a circular strand of DNA called an R-Plasmid may contain several antibiotic resistance genes. Through a process called conjugation, an antibiotic resistant bacterium can transfer the antibiotic resistance genes from an R-plasmid to a non-resistant bacterium. This makes a bacterium to undergo a genetic variability to adapt to the changing environment. The organism that acquires such a resistance still possesses its own physical and metabolic characters which distinguish it from the other organisms (Cesaro et al.,

2008).

The frequency of resistant organisms is increasing due to the increased usage of antibiotics for medicinal and agricultural purposes. The resistant bacteria in animals are finally transferred to humans by three pathways.

• Consumption of meat

• Close or Direct contact

• Environment
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OBJECTIVES

The objectives of this study are: First, to analyze the persistence in soil after poultry manure application of Escherichia coli strains carrying a fluoroquinolone resistant plasmid, and second to search for the putative transfer of this plasmid to other E. coli strains present in manure. This is done by: 1) Realisation of a simulation of land application in microcosms of soil in confined laboratories.

2) Isolation of E. coli fluoroquinolone resistant strains and extraction of the DNA from soil sampled at different times during 48 days after manure application.

3) Quantification of the Total bacteria, E. coli and fluoroquinolones resistant qnr genes in soil/maure DNA samples.

4) Analysis of the genetic profiles of the isolated strains using ERIC-PCR.

5) Analysis of the presence of qnr genes in the strains using PCR. Escherichia coli (APEC) are sensitive to FQ (AFSSA, 2006b). Enrofloxacin, as other available FQ, is offered to the whole flock via drinking water and is now on the Generics Drug Market, a feature which might decrease its price and increase its consumption.

In France, fluoroquinolone are used principally to fight against Avian colibacillosis. This disease is reported in all avian species (chickens, turkeys, ducks...), at all ages and in all types of production (broilers, breeders, layers...). Numerous forms of avian colibacillosis exist such as colisepticemia, air sac diseases, coliform cellulitis, peritonitis, DNA gyrase is the target for many Gram-Negative bacteria, whereas Topoisomerase IV is the target for Gram-Positive bacteria.

MECHANISM OF RESISTANCE

Resistance to quinolones can evolve rapidly, even during the course of treatment. In France, several bacterial isolates namely Escherichia coli, Enterococcus faecium and Campylobacter spp have been collected from faeces of healthy animals at slaughterhouses that were resistant to fluoroquinolone. In addition resistant E.coli has also been isolated from the meat of poultry products (ANSES, 2008). (2) Plasmid mediated quinolone resistance is contingent upon the presence of the qnr gene encoding Qnr protein, which protects the DNA gyrase from inhibition. The Qnr protein is a pentapeptide that binds with DNA gyrase and its subunits namely Gyr A and Gyr B.

The Qnr ability to reverse the inhibition of gyrase activity by quinolones was analysed in vitro with purified proteins and enzymes. Protection is proportional to the concentration of Qnr protein and inversely proportional to the concentration of ciprofloxacin (John and George, 2002). Thus it was proposed that Qnr A protection from quinolones is the result of Qnr A binding to gyrase or topoisomerase IV at a site overlapping the quinolones binding site (Tran et al., 2005).

QUINOLONE RESISTANT GENES AND ORIGINS (qnr)

The first plasmid borne quinolone resistance gene qnr was reported in 1998 (Jacob et al., 2009). It was found in an integron-like environment. The quinolone resistance is also conferred at some level by three pentapeptide repeat proteins in addition to Qnr Overall the qnr gene comprises of three families, qnr A, qnr B and qnr S. Each of them differs by 40% from the other in the nucleotide sequence. The variation within each family has been less and it is around 10%. The growing number for qnr A and qnr S has been manageable, but there are large numbers of qnr B sequences (Table 2.1) (George et al.,

2008).

Table 2.1: Different types of qnr genes and their alleles

PREVALENCE AND TRANSFER

The prevalence of the qnr genes has been investigated by using PCR with specific primers on isolates from 18 different countries. The data has suggested that resistance is usually due to mutation on DNA gyrase and that the transfer is rare. Most of them are negative of qnr whereas some isolates during the course infection by Klebsiella pneumoniae showed the presence of qnr and some contained mcbG, which is responsible for the resistance to microcin B17 on transmissible R plasmid [START_REF] Jacoby | Prevalence of Plasmid Mediated Quinolone Resistance[END_REF].

In Europe during the onset of the quinolone resistance, 297 resistant strains of E.coli has been isolated and screened. In that, one isolate conferred a low level resistance to quinolones due to 180-kb conjugative plasmid. A study on tetracycline and sulphonamide resistance genes (Tet-W, Tet-O and Sul-1) by quantification has revealed that the Tet-W and Tet-O genes were more abundant in manure than in biosolids and the background soils was nearly devoid of such genes.

STUDIES ABOUT ANTIBIOTIC RESISTANCE PREVALENCE

Whereas in amended soil, the application of manure or biosolids has potentially raised the antibiotic resistance genes concentration. The percentage increase of the resistant genes with manure and biosolids were Tet-W -76.8%, Tet-O -100%, Sul-1 -35.7% and Tet-W -22.7%, Tet-O -100%, Sul-1 -13.9% respectively, while at the non amended site there hasn't been any significant increase in the resistance genes. This analysis has suggested that the soil characteristics and concentration has an impact on the resistant gene transfer from the manure which serves as the reservoir of high concentration of antibiotic resistance genes (Mariya and Irene, 2011).

Finally an experimental model for digestive colonization of chickens with bacteria harbouring a fluoroquinolone resistant plasmid has been analyzed by inoculating the pathogen free chickens with two E. coli strains containing either plasmid pMG252 with bla FOX and qnr A or pMG298 with bla CTX-M and qnr B. The faecal content carried the strains that could prevail for several weeks and also has the ability to transfer the genes to the non-inoculated ones, even in the absence of selective pressure (Le Devendec et al.,

2010).
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MATERIALS AND METHODS

DESCRIPTION OF PRIOR WORKS

Animal Growth and Treatment

Two bands of 50 rapid growth broilers (Ross PM3) were conducted on litter for 41 days at the experimental station of Ploufragan (ANSES, France) using stringent biosecurity conditions to prevent the dissemination of antibiotic resistant bacteria in the environment. Litter consisted of untreated wood chips filed at about 5 kg/m 2 corresponding to a load of 20.5 chickens per square meter. On days 15 and 18, the animals were inoculated with two E. coli digestive strains containing either the pMG252 plasmid (qnr A and bla FOX5 )

or the pMG298 (qnr B and bla CTX-M15 ) (Le Devendec et al., 2010). These plasmids are also resistant to gentamicin. The presence of both strains in animal manure was confirmed by plating during animal growth. At the age of 22 days, one band was treated with enrofloxacin at the therapeutic dose. The other band was not treated. At that time, chickens weighed an average of 1.100 kg. Enrofloxacin was given in drinking water for 5 days. The weight of the birds was assessed daily in order to comply with a dose of 10 mg.kg -1 . On day 41 (14 days after the end of treatment), the animals were sent to slaughterhouse and manure was collected to make microcosms.

Microcosm preparation and monitoring

The microcosms were constructed and run in the same confined animal facilities of ANSES, Ploufragan. They consisted of 36 PVC pipes of 8 cm height and 8 cm diameter (area of 50.2 cm 2 and volume of 401.9 cm 3 ). They were filled with a mixture of homogenised agricultural soil that had not received manure application for one year and freshly collected poultry manure that had been ground before being mixed with the soil. To be representative of doses conventionally applied on agricultural land, each microcosm was made of 7g of manure mixed with 583g of soil that means about 14T of manure/ha of soil.

To maintain adequate moisture, 29 ml of water was added to each microcosm. Each mixture soil/manure was then transferred to a PVC pipe whose bottom was made of nylon textile fiber (Figure 3.1).

CemOA : archive ouverte d'Irstea / Cemagref The humidity of microcosms was kept constant by regular addition of sterile distilled water (once or twice a week). Every week or two weeks, 3 microcosms were taken for each type of manure (NT or T) denoted a, b and c and analyzed within 4 hours of collection (Table 3.1). Each microcosm was vigorously shaken and the mixture of soil/manure was split as follows:

• 10 grams of sample were transferred in 90 ml of peptone water. A dilution series was made from the initial suspension for bacterial counts (see below).

• 10 grams of sample was taken in sterile tubes and stored at -20 °C for the detection of qnr genes by molecular biology technique.

The survey lasted for 48 days. 

ENUMERATION OF E. coli

The soil/manure dilutions were plated by spreading (at 0.1 ml/plate) on TBX medium supplemented with ampicillin at 1 mg/L and cycloheximide 50 mg/L in the presence or absence of gentamicin at 8 mg/L. The media were incubated for 24 hours at 44°C.

In the aim of seeking qnr gene by PCR for each sample, 5 blue colonies, betaglucuronidase positive present on the medium supplemented with gentamicin were transplanted onto medium with TSYE ampicillin (1 mg/L) and incubated for 24 hours at 37°C. The colonies were transferred in medium supplemented with brain heart glycerol, incubated for 24 hours at 37 °C and then stored at -80 °C

DNA EXTRACTION FROM SOIL SAMPLES

Total DNA was extracted from about 250 mg of soil/manure sample for all 36 microcosms using the "Fast DNA Spin Kit" according to supplier instructions (Table 3.1

Refer Annexure I).

The obtained DNA were then analyzed for quantity and quality using spectrophotometry (Nanodrop ND100, Labtech) and TBE 1X -0.7% Agarose gel electrophoresis respectively. Finally a run of PCR was carried out using 16S ribosomal DNA universal primers to test the presence of PCR inhibition before to run quantitative PCR. The thermocycler used was MJ mini from Biorad. To compare the relative difference in gene copy numbers the C T approach is used. Since these values are obtained during the exponential phase of PCR, it is assumed that at each cycle the number of products is doubling and hence it is used to compare the two different sets of samples. However this methodology assumes that the amplification of the target sequence is 100% efficient. Deviation from this leads to the underestimation or overestimation of the actual copy.

ii) Arbitrary Quantitation:

It is more accurate to quantitate differences in sample copy number using a standard curve. Such standards could be either exogenous RNA or DNA sequences or a quantitator sample similar to the quantification sample. These standard curve controls for the differences in efficiency of the PCR between different target genes and tends to be linear over greater than five orders of magnitude.

RFU Ct
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In order to obtain the absolute quantitation of the copy number a standard curve is used whose copy number is known. This could either be a plasmid or gene fragment amplicon quantitated by UV spectroscopy or other appropriate methods (Nigel, 2001).

QUANTITATIVE PCR PROTOCOLS

The total bacteria, E. coli and qnr genes were quantified using quantitative PCR involving SYBR green or Taqman Probes. As a first step, standard curves of the above genes were constructed from culture of E. coli strains harbouring plasmids carrying either of the 16S rRNA, qnr A or qnr B genes. Strains were cultured over night on Luria Bertani (LB) broth with ampicillin 50 mg/ml at 37 °C. Each plasmid was then extracted using the "Qiagen Plasmid Extraction Kit" (Qiagen) and digested by a Restriction Enzyme (Annexure II) before to be purified on "PCR Purification Wizard Kit". Finally the purified linear plasmid was quantified using spectrophotometry (Nanodrop ND100, Labtech). The plasmid copy number was calculated from the above observations using the equation:

Avogadro's number * Amount of Template * 10 -9

Number of copies =

Length (Size) * 660

Were:

Avogadro's number = 6.023 * 10 23 molecules/mole Amount of Template = DNA concentration in ng/µL Length = DNA fragment size in base pair 660g is the weight of 1 base pair 10 -9 is due to conversion of ng into g

The reaction mixtures for the quantitative PCR of total bacteria, E. coli and the qnr genes are given below as well as PCR running conditions (Table 3.3 and 3.4). PCR reactions were run on a Cfx thermocycler (Biorad). There have been 129 strains being isolated from the soil on Tryptone Soya Yeast Extract (TSYE) medium in the presence of ampicillin. The isolate were grown at 37 °C for 24 hours on the same medium. Then their genetic profile was obtained using ERIC-PCR (Table 3.5) and PCR product separation using TBE 1X -1.5% agarose gel electrophoresis.

These isolates were also analyzed for the presence of the qnr A and qnr B genes using the PCR targeting their respective genes (Table 3.6) and an electrophoresis is carried out using 1.5% agarose gel. Amplifications were run on MJ Mini thermocycler (Biorad). Among the 32 samples, NT0c has a lesser yield of 7.89 ng/µl with higher purified DNA content with the ratio of absorbance 1.57, while NT2c has a greater yield of 106.34 ng/ µl. All the DNA samples have ratio of absorbance ranging between 1.33 to 1.57, which shows that the DNA samples are contaminated with proteins.

Table 3.5: ERIC-PCR mix and cycle condition

MIX

The quality of the DNA is also determined from the degradation level through the smear of DNA down the lane and concentration of the bands on using an electrophoresis with 0.7% Agarose gel. On gel documentation, it is noticed that the samples have degraded to The genes are quantified using a qPCR in order to estimate the number of copies of the desired genes being present in the sample. The samples that are isolated are being quantified for E. coli, total bacteria, qnr A and qnr B genes.

Total Bacteria

For the total bacteria standard, the plasmid carrying a 16S rRNA gene copy was extracted and quantified to be 41.7 ng/µl. It was then then restricted and purified to measure the number of copies as shown. The concentration of the purified plasmid is 1.895 ng/ µl and the copy number is: days and decreased to 1.93*10 8 on the 48 th day. In microcosm B the copy number were on an average of 10 9 with 5.45*10 9 on 34 th day of the non-treated sample and 2.50*10 9 on 48 th day of the treated sample. Microcosm C also showed the same pattern that of B, with 2.24*10 9 on 48 th day of the non-treated sample and 1.77*10 9 on 48 th day of the treated sample and the highest copy number prevailed during the 20 th day with 3.17*10 9 .

Overall, the data observed show that the soil microbial community increased in number from the begining of the experiment and then persisted througouht all the experiment.

It is a control showing that the microcosm conditions (temperature, humidity) were favorable for microorganisms survival and development. The increase in number of microorganisms can be explained by the organic matter and nutrient that came along with manure and stimulated the revivification of soil bacteria.

E. coli

Prior to the quantification of the genes, the samples are analyzed for inhibitory action by running a PCR on diluted samples from 1/10 to 1/1000 including the pure. For shows the sensitivity of the qnr A towards the environment that it could no longer survive after a particular period of time. On comparing qnr A with E. coli, the later is 3, 0.004 and 3 times higher in microcosm A, B and C respectively in non-treated samples, while in treated sample the E. coli is 3.7, 0.58 and 3 times higher in microcosm A, B and C respectively.

With qnr B, the non-treated samples contain 50 and 0.7 times higher E. coli in microcosm A and B while C contains 0.07 times higher qnr B than E. coli which shows the presence of qnr B genes in other organisms other than E. coli. In treated samples, the E. coli is 0.8, 0.09 and 0.1 times higher than qnr B in microcosm A, B and C respectively.

CHARACTERISATION OF THE ISOLATES

The 129 isolates that were obtained are analyzed for their genetic characteristic and the presence of the qnr genes using ERIC-PCR and PCR respectively. 

CONCLUSION

Under the conditions of the experiment (poultry manure diluted to 1:100 with non-sterile soil sieved to 3mm, at room temperature and darkness) it appears the following:

• Environmental condition microcosms were favourable to bacterial regrowth.

• The E. coli from poultry manure are able to survive at least 48 days in soil.

• The survival of resistant strains appears to be lower than that of susceptible strains.

• The bacteria carrying the genes qnr A seem more sensitive to environmental conditions than bacteria experiencing qnr B positive, or they are more prone to loose their plasmid. The latter, very little detected in the absence of treatment were quantified until 48 th day of the experiment in soils receiving manure from treated animals. 2) Transfer this to a tube Lysing Matrix E. (Contains silica beads and ceramics for mechanical lysis).

3) Add 122 µl of MT (Detergents can trap the hydrophobic molecules).

4)

Place the tubes in the vortex machine at 30 hertz/sec for a period of 5 minutes. 12) Decant at least for 5 minutes and remove 600 µl of the supernatant.

5)

13)

Resuspend the matrix with pipette reflux and transfer 600 µl of the matrix to a Column Filtration Spin.

14)

Centrifuge for 1 minute at 14,000 rpm and dispose the filtrate. Repeat the process until the 15 ml bottle containing the solution is completely drained. 16) Centrifuge for 2 minute at 14,000 rpm and repeat the steps two times.

17)

Replace the collector tubes with the Eppendorf tubes.

18)

Add 500 µl of ethanol and spun at 14000 rpm for 2 min to wash off any debris. Repeat the step twice.

19)

Discard the ethanol and leave for 5 minutes at room temperature, to allow the remaining ethanol to get evaporate.

20)

Add 100 µl of DES (Elution buffer for improving the affinity of silica towards DNA).

21)

Gently resuspend the matrix and centrifuge for 2 minute at 14,000 rpm.

22)

Finally, 100 µl of the elution is being recovered. 
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  d'Irstea / Cemagref There are different strategies being adapted in poultry farming. They include (i) Free range farming -Poultry are permitted to roam freely instead of being contained having a continuous day time access to open air.

Figure 1 . 1 :

 11 Figure 1.1: Flow Pattern of the Infectious diseases in poultry

  Treatment of clinical disease • Prevention of clinical and sub-clinical disease • Modification of intestinal bacterial flora 1.5.1. Treatment of clinical diseases After the onset of the clinical symptoms the antibiotics are being administered to treat and prevent the transmission of the disease. Coli septicaemia is a common sequel to a number of viral diseases of poultry, especially those caused by viruses of the respiratory system. Commonly used antibiotics for coli septicaemia are Ciprofloxacin, Ceftazidime, Ampicillin, Cefquinone and Fluoroquinolones. The fluroquinolones usage is limited to high value, young stock or unusually severe diseases, because of their high cost when being compared to other antibiotics.
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  d'Irstea / Cemagref the cellular machinery (Figure 1.2). They are classified into five types and are specific for the substrate they pump out of the cell (Poole, 2005). They are:

Figure 1 . 2 :

 12 Figure 1.2: Antibiotics and their corresponding Efflux pump mechanism

  Quinolones and Fluoroquinolones are synthetic chemotherapeutic drugs that belong to the family of broad spectrum antibacterial antibiotics. The first generation quinolones was nalidixic acid which was introduced in 1962 for treatment against urinary tract infection in humans. Nalidixic acid has been discovered by George Lesher in a distillate during an attempt of chloroquine synthesis. It is the predecessor of all members of the quinolone family including the second, third and forth generations commonly known as fluoroquinolones (Figure 2.1). These fluoroquinolones have a fluorine atom attached to the central ring system i.e. at the 6 th position or C-7 position (Daniel and Prabhavathi, 1989).

Figure 2 . 1 :

 21 Figure 2.1: Structure of Fluoroquinolone antibiotics

  panophtalmitis and omphalitis/egg yolk infection (Barnes et al., 2003). The quinolones inhibit bacterial DNA gyrase or Topoisomerase enzymes by binding to them and thereby, inhibiting DNA replication and transcription. Recent evidence has shown that Topoisomerase II has been the target for a variety of quinolone based drugs.

Campylobacter

  strains are naturally sensitive to FQ but single mutation in the target gene (DNA gyrase) can confer a high level resistance to FQ. Now in France, up to 13% of broiler Campylobacter jejuni and 41% of C. Coli strains are FQ resistant (AFSSA, 2006a). Since poultry is the major source of Campylobacter infection in humans because of consumption of raw or undercooked poultry meat, this resistance can lead to therapeutic failures in clinical human cases and it was shown that quinolone resistance is associated CemOA : archive ouverte d'Irstea / Cemagref with prolonged diarrhea (Nelson et al., 2007) or adverse health events such as invasive illness or death (Helms et al., 2005b). These consequences of FQ treatments of poultry have conducted to the proposal of withdrawal of FQ use in poultry in USA which was effective in September 2005 after a lengthy legal hearing (Department of Health and Human Services, 2005). The quinolone resistance may indeed be gained by two methods: (1) Chromosomal point mutation in the N-terminus of the gyr A protein have lead to quinolone resistance. Mutations arises stepwise and gets accumulated in the genes encoding primarily DNA gyrase and topoisomerase IV. Increased efflux by mutations in regulatory genes of chromosomally encoded regulatory systems causes quinolone resistance (Hawkey, 2003).

  proteins namely, McbG, MfpA and MfpA Mt . McbG contains 19.6% amino acid similar to Qnr and it protects the DNA gyrase against the microcin which are a class of inhibitory proteins. While MfpA with 18.9% amino acid similarity to Qnr interacts directly on DNA gyrase, MfpA Mt inhibits ATP-dependent DNA supercoiling and ATP-independent relaxation reaction catalyzed by E. coli DNA gyrase. Since then, a large number of additional qnr alleles has been indentified on plasmids. For example, qnr A genes were observed in the sul1 type integrons and their identification on water borne species Shewanella algae states that environment acts as the reservoir of such threats (Patrice, 2005). A plasmid mediated quinolone resistant gene qnr B CemOA : archive ouverte d'Irstea / Cemagref has been identified in a plasmid encoding CTX-M-15 β-lactamase from Klebsiella pneumonia strain which confers a low level resistance to all quinolones tested (George et al., 2006). Finally, an isolate of E. coli from the manure contained qnrS1 gene along with bla CTX-M gene. It has also been identified with several other antimicrobial resistance genes using DNA array method (Miranda et al., 2011).

  AND TRANSFER IN THE ENVIRONMENTAntibiotics are present in the environment mainly because of human or veterinary use of antibiotics(Nwosu, 2001). Indeed after treatment, variable amounts of antibiotics and metabolites are excreted in human and animal dejections. They can be detected in hospital and municipal waste water treatment plant effluents as well as in livestock effluents and agricultural soils. Antibiotics present in manure used as fertilizer, pass into the soil and may be transported to surface water and sometimes ground water(Kummerer, 2003). There are still large gaps in our knowledge about the fate of antibiotics in these environmental compartments, their persistence, bioavailability or antibacterial activity. Resistant bacteria and resistance genes are also detected in the environment. The main source is thought to be the input of resistance bacteria from the use of antibiotics in human and animals but it is not known whether environmental conditions may favour selection of resistant bacteria or transfer of resistance genes(Kummerer, 2004).A study analysed the liquid manure and leachate of dairy farms. The results show that there were no antibiotic residues being detected neither in soil nor in manure. This has been explained by the fact that the antibiotics are administered in low amounts in dairy farms than in pig and poultry farms. Also the manure is degraded easily and as they are being laid on grasslands they are absorbed quickly once degraded(Nicole et al., 2008).Studies on 15 field scale piggery manure of both cultivation-dependent and cultivation-independent reveals that the antibiotic resistance plasmids are transferred to the soil via manure. Also the self transferable plasmids containing multiple antibiotic resistances are captured into plasmid free E.coli recipient strains. Between 2 to 69% of cultured bacteria showed resistance to sulphonamide, while less than 0.3% showed resistance to amoxicillin and the transfer frequencies varied between 10 -4 to 10 -8 in 228 transconjugant isolates, with four of them acquired resistance for seven of the eight antibiotics and 40 isolates had resistance for six antibiotics(Holger et al., 2010).In an attempt to prove intensity level of the growing population of the resistant gene, five long term archived soil samples were obtained from Wageningen University and Research Center, Netherlands. The DNA was isolated and studied for 18 different antibiotic resistant genes. This suggested that the antibiotic resistant gene has increased rapidly over CemOA : archive ouverte d'Irstea / Cemagref the past fifty year period, especially within the tetracycline group which had increased >15 times (Charles et al., 2010).
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 3 Figure 3.1: Microcosm Preparation

  Figure 3.2: Mechanism of PCR modified from author

  Green Supermix 2X (Biorad) Table 3.4: qPCR mix and run condition for qnr A and qnr B Mix 2X (Biorad) CemOA : archive ouverte d'Irstea / Cemagref3.6. MOLECULAR TYPING OF THE ISOLATES BY ERIC-PCRERIC -PCR is a ribotyping method that uses PCR reaction to target enterobacterial repetitive intergenic consensus sequences present in the enterobacteriacea. By a simple reaction and separation of the PCR products, it allows discriminating between different Escherichia coli clones(Dalla-Costa et al., 1998) 

Figure

  Figure 4.1: DNA samples on 0.7% Agarose gel

  Figure 4.2: Restriction Enzyme Digestion of the plasmid

Figure 4

 4 Figure 4.3 (a,b,c) suggests that the total bacteria is abundant among both the treated and non-treated samples. Despite of the variation among the triplicates there are a significant proportion of the bacteria found throughout 48 days period and number of copies in treated sample and non-treated sample were more or less equal which is unlike the E. coli which was higher in the non-treated samples.

Figure 4 .

 4 Figure 4.3 (a,b,c): Total bacterial gene quantification in Treated and Non-Treated samples

  extracted soil DNA a good amplification results often from a balance between the amount of PCR inhibitor still present in the extract and the amount of DNA. The results that are obtained (Figure 4.4) indicate the inhibition of PCR reaction with pure DNA sample. Then DNA diluted at 1/10, 1/100 and 1/1000 shows an amplification which looks proportional to the amount of DNA being used. PCR quantification will thus be done on 1/10 and 1/100 dilutions.

Figure 4

 4 Figure 4.4: 1.5% Agarose gel showing the amplification of DNA in dilutions

Figure 4 .

 4 Figure 4.5 (a,b,c): E. coli gene quantification in Treated and Non-Treated samples

Figure 4 .

 4 Figure 4.6 (a,b,c): qnr A gene quantification in Treated and Non-Treated samples

Figure 4 .

 4 Figure 4.7 (a,b,c): qnr B gene quantification in Treated and Non-Treated samples
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 4849410 Figure 4.8: PCR analysis of qnr A genes on the isolates

  Add 978 µl of sodium phosphate buffer (This protects the DNA and solublizes the protein) in the tube containing the faeces. Mix well and homogenize it.

7 ) 8 ) 9 ) 10 ) 11 )

 7891011 Later allow it on ice for 3-5 minutes. Mechanical lysis and heat shock can breakdown the bacterial walls 6) Centrifuge the tubes at 13,500 rpm for 10 minutes. Pellet = Cellular Debris + PCR Inhibitors (large acid chelating multivalent ion) + lipids. Transfer the supernatant to a 2 ml Eppendorf tube. Supernatant = DNA, RNA, Protein, Peptide, Small Carbohydrate, Lipid molecule and Minerals. Add 300 µl of PPS (Protein Precipitation Solution, electrolytes which permits dehydration and neutralization of proteins form aggregates) Mix with the little Ferris wheel and centrifuge for 5 minutes at 14,000 rpm (The protein present forms as a white pellet at the bottom) Transfer the supernatant to a 15 ml tube and add 1 ml of Binding Matrix Suspension. Mix for at least 15 minutes or longer to allow the nucleic acid to bind with the matrix (To silica beads by adsorption of DNA and RNA by weak bonds).
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 15 Add 500 µl of SEW-M (Hydrophilic pads that eliminates the Hydrophilic molecules, Monosaccharide's, Small acids, Mineral molecule and Water).

  An analytical scale restriction enzyme digest is usually performed in a volume of 20 µl on 0.2 -1.5 µg of substrate DNA, using a two to tenfold excess of enzyme over DNA. If an unusually large volume of DNA or enzyme is used, aberrant results may occur and may or may not be readily recognized. The following is an example of a typical RE digest. In a sterile tube, assemble in order: Sterile, deionized water -16.3 µl RE 10X Buffer -2 µl Acetylated BSA 10 µg/µl -0.2 µl DNA, 1 µg/µl -1 µl Mix by pipetting, then add: Restriction enzyme, 10U/µl -0.5 µl Final volume -20 µl Mix gently by pipetting, close the tube and centrifuge for a few seconds in a microcentrifuge. Incubate at the optimum temperature for 1-4 hours. Add 4 µl of 6X loading buffer and proceed to gel analysis. Note that overnight digests are usually unnecessary and may result in degradation of the DNA.CemOA : archive ouverte d'Irstea / Cemagref

  

  

Table 1 .1: Commercialization of the poultry animals and their products BIRD DOMESTICATION UTILIZATION

 1 

			Meat, Eggs,
	Chicken	South-East Asia	Feathers,
			Ornamentation
	Duck	Various Parts	Meat, Feathers,
			Eggs
	Goose	Various Parts	Meat, Feathers,
			Eggs
	Turkey	Mexico	Meat, Feathers

Table 1 .3: List of organisms and their causes in poultry

 1 It denotes a broad range of antimicrobial compounds, including antibacterial, antifungal and other compounds. Antimicrobial origin has been dated back to 2000 years ago when certain people used mixtures of specially selected moulds of plant material to treat infection. Later in 1877, Louis Pasteur and Robert Koch first described antibiosis activity and finally Fleming in 1928, described that the properties of penicillin could be exploited for chemotherapy. Antibacterial antibiotics are classified based on their mechanism of action or by their chemical class (Table1.4).

	CAUSATIVES	ORGANISMS/DISEASES	AGE GROUP
		Escherichia coli	Chicks
	Bacteria	Salmonella spp	Chicks
		Mycobacterium avium	Adults
		Marek's Disease	> Six Weeks
	Virus	Leukosis	Adults
		Avian Flu	All Ages
		Aspergilloses	Chicks
		• Mycotoxicoses	
	Fungi	• Aflatoxicosis	All Ages
		• Fusariotoxicosis	
		• Ochratoxicosis	
		Nematodes	All Ages
	Parasites	Haemoparasites	Chicks
	Including Protozoan	Histomoniasis	1 -3 months
	An outbreak in any such disease has a great impact on farms economic conditions. In

US, it has been estimated that due to an outbreak of Foot and Mouth disease (FMD) the poultry meat output declined from 8,896 million to 8,762 million pounds while the net return fell from $538 million to $506 million (Philip et al., 2008). As a consequence, CemOA : archive ouverte d'Irstea / Cemagref antimicrobial products (namely antibiotics) are used worldwide to prevent disease outbreaks, particularly in industrial production.

1.5. ANTIBIOTIC/ANTIMICROBIAL UTILIZATION

The word antibiotic is derived from the Greek anti meaning 'against' and bios meaning 'life'.

Table 1 .4: Classification of Antibiotics with targets and examples CHEMICAL CLASSES MODE OF ACTION EFFECTIVE AGAINST EXAMPLE

 1 

	Beta-lactam	Inhibit cell wall	Gram positive	Penicillin G
		synthesis		
	Semi-synthetic Beta-	Inhibit cell wall	Gram positive &	Ampicillin
	lactam	synthesis	negative	
	Aminoglycosides	Inhibit protein synthesis	Gram positive &	Streptomycin
			negative	
	Tetracyclines	Inhibit protein synthesis	Gram positive &	Tetracycline
			negative	
	Polypeptides	Inhibit cell membrane	Gram negative	Polymyxin
	Quinolones	Inhibit DNA replication	Gram negative	Nalidixic acid
	Glycopeptides	Inhibit murein synthesis	Gram positive	Vancomycin
	Growth Factor	Inhibit folic acid	Gram positive &	Sulfanilamide
	Analogs	metabolism	negative	

  The qnr gene belonged to sul1 type integron of a conserved region. Another class of plasmid pQR1 carrying class 1 integron possessing qnr S3 the gene cassettes for extended spectrum lactamase, rifampin, ribosyltransferase and several aminoglycoside resistant markers has also been identified[START_REF] Mammeri | Emergence of Plasmid-Mediated Quinolone Resistance in Escherichia coli in Europe[END_REF].

	qnr GENES	ALLELES

qnr A qnr A1, qnr A2, qnr A3, qnr A4, qnr A5, qnr A6 qnr B qnr B1, qnr B2, qnr B3, qnr B4, qnr B5, qnr B6, qnr B7, qnr B8, qnr B9, qnr B10, qnr B11, qnr B12, qnr B13, qnr B14, qnr B15, qnr B16, qnr B17, qnr B18, qnr B19 qnr S qnr S1, qnr S2,

Table 3 .1: Time course of microcosm sampling

 3 
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	DAYS	NON-TREATED SAMPLES	TREATED SAMPLES
		NT a	NT b	NT c	T a	T b	T c
	Day 0	NT0 a	NT0 b	NT0 c	T0 a	T0 b	T0 c
	Day 6	NT1 a	NT1 b	NT1 c	T1 a	T1 b	T1 c
	Day 13	NT2 a	NT2 b	NT2 c	T2 a	T2 b	T2 c
	Day 20	NT3 a	NT3 b	NT3 c	T3 a	T3 b	T3 c
	Day 34	NT4 a	NT4 b	NT4 c	T4 a	T4 b	T4 c
	Day 48	NT5 a	NT5 b	NT5 c	T5 a	T5 b	T5 c

Table 3 .2: PCR mix and run condition PCR MIX

 3 

	PCR CYCLE
	For 1 Sample
	Sterile Water -15.25 µl
	Taq buffer 10X -2.5 µl
	dNTP 2.5 mM -2 µl

Table 3 .6: PCR mix and run condition for qnr A and qnr B

 3 The quality of the DNA is measured by the ratio of absorbance between 260 nm to 280 nm (A 260 /A 280 ). The highly purified DNA has the A 260 /A 280 value of 1.8 for DNA and 2 for RNA, and it is usually rare to obtain these values in the case of soil DNA isolation. Deviation from the above said value denotes the contamination of the DNA with proteins or phenol. In order to analyse the quantity and quality the spectrophotometer is used and the reading is listed in Table4.1 and 4.2.

	qnr A

Table 4 .1: Nanodrop reading for Non-Treated soil samples NON-TREATED SAMPLES

 4 

	SAMPLE	ng/µl	A260/A280 SAMPLE	ng/µl	A260/A280 SAMPLE	ng/µl	A260/A280
	NT0a	51.78	1.45	NT0b	23.58	1.33	NT0c	7.89	1.57
	NT1a	53.25	1.43	NT1b	84.19	1.37	NT1c	66.77	1.46
	NT2a	55.12	1.47	NT2b	83.66	1.46	NT2c	106.34	1.40
	NT3a	47.38	1.53	NT3b	77.22	1.46	NT3c	75.42	1.46
	NT4a	69.10	1.44	NT4b	84.79	1.57	NT4c	80.72	1.44
	NT5a	22.06	1.36	NT5b	82.88	1.46	NT5c	92.01	1.42

Table 4 .2: Nanodrop reading for Treated soil samples TREATED SAMPLES

 4 

	SAMPLE	ng/µl A260/A280 SAMPLE ng/µl A260/A280 SAMPLE	ng/µl A260/A280
	T0a	74.36	1.44	T0b	21.36	1.40	T0c	15.48	1.39
	T1a	81.35	1.42	T1b	75.59	1.44	T1c	69.92	1.42
	T2a	100.62	1.39	T2b	86.77	1.44	T2c	85.81	1.45
	T3a	94.60	1.40	T3b	90.34	1.40	T3c	80.23	1.45
	T4a	100.57	1.35	T4b	95.29	1.46	T4c	85.11	1.42
	T5a	19.74	1.51	T5b	77.16	1.51	T5c	87.87	1.42
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showed linear declination from 2.13*10 8 at 0 th day to 1.82*10 6 at 48 th day in non-treated samples while treated samples showed similarity between each other with the highest copy number is being noted on the 6 th day with 3.76*10 6 . On comparison with total bacteria which is higher in treated samples, the E. coli is higher in non-treated samples. In microcosm A the total bacteria is 3 times higher than that of E. coli in the treated sample, while in the non-treated samples total bacteria is .01 times higher than E. coli. Microcosm B contain 7 times higher total bacteria than E. coli in treated samples while non-treated samples contain 1.1 times higher total bacteria. In microcosm C the total bacteria is 6 and .33 times higher than E. coli in both treated and nontreated samples respectively.

Whatever the microcosm studied independently of antibiotic resistance, the E. coli cells present in chicken manure at the beginning of the experiment persisted in soil during at least 48 days.

qnr A and qnr B Genes

PCR is carried out to analyze the persistance of antibiotic resistant plasmids by using specific primers targetting the qnr A and qnr B genes. First two standard curves are constructed with each plasmid that is purified and quantified yielding 24.96 ng/µl and 27.78 ng/µl of qnr A and qnr B respectively.

The calculated number of copies for the standard are:

• qnr A : 6.07 * 10 10

• qnr B : 5.27 * 10 10

The qnr A result shows a significant difference among the triplicates. In microcosm A the resistant genes prevails in treated samples at significant amount of 1.56*10 4 at the end of 48 days while there was an absence of the resistant genes in the nontreated samples from the 34 th day. In microcosm B the number of resistant genes is greater in the non-treated sample with 2.58*10 8 in 0 th day and 2.43*10 5 in 13 th day but the treated sample showed some resistant genes only during the 6 th and 13 th day having 7.15*10 4 and 1.82*10 5 respectively, after which the number of genes is being lost from both the treated and non-treated samples. In microcosm C the treated sample has a higher quantity of qnr A resistant gene on an average scale of 10 4 . The resistance of the non-treated sample is lost after 13 th day which had 4.54*10 5 , while the resistance in treated sample is lost after 20 th day with 3.38*10 3 number of copies which is totally in contrast to the microcosm B. 1S-5T, 2S, 2S-3T, 2S-6T, 2S-9T, 3S-6T, 3S-8T, 4S-6T and 2T. The strains that have a similar pattern are grouped together.

Out of the 129 isolates, 6 strains are devoid of qnr resistant gene. These strains may carry either chromosomal mutations or a qnr allele that were not targeted by our primers. Also qnr B is more common in the isolates and it is being identified among 106 isolates, while 17 strains carried qnr A genes. This is in agreement with the data obtained above by qPCR. The most common profile that is being found is 3S-6T which has been found on 62 isolates, while the others group share some equal number of isolates among themselves. All the isolates among a same ERIC-PCR group have a common resistance either qnr A or qnr B. Except one isolate showed a different resistance namely qnr B among the other qnr A resistant strain of the group 2T. Thus there has been transmittance of the quinolone resistant genes to various E. coli strains.

qnr A genes qnr B genes