Occurrence, Molecular detection and Antiobiogram of Salmonella infection in Dairy Cattle suffering from chronic diarrhea
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Abstract
 Studies regarding isolation of Salmonella from adult dairy cattle suffering from chronic diarrhea are sparse. The study was carried on clinical cases of dairy cattle suffering from chronic diarrhea with the aim to isolate and detect Salmonella spp. Fecal samples were collected aseptically, directly from the rectum of diarrheic cattle. Isolation and identification of the microorganisms was performed and confirmed on the basis of their morphology, staining, cultural and biochemical tests. Frequency of diarrhea was variable, intermittent or persistent, pasty to profuse with overall reduction in performance and production.  A total of 40 fecal samples were examined for the isolation, of which eight (20.0 per cent) samples were culture positive and PCR positive for Salmonella spp. The antimicrobial susceptibility pattern of the isolates showed that all eight isolates were resistant to Amoxicillin, Tetracycline, Ampicillin, Ceftriaxone but most sensitive to Ciprofloxacin, followed by Gentamicin and Co-trimoxazole respectively. 
Key Words: Salmonella, Dairy cattle, Chronic diarrhea, PCR, Culture, Antiobiogram.
Introduction
     There are substantial economic losses from chronic diarrhea in dairy cattle due to mortality, treatment costs and impaired growth performance (Radostits et al., 2000; Mair, 2002). The causes of chronic diarrhea may be different, in general could be due to inflammatory causes or imbalance of normal physiological processes (Bazeley, 2003). Among inflammatory causes, Salmonella bacteria are one of the worst causes of this disease in dairy cattle and buffalo and can affect all ages. Salmonellosis has assumed major importance because of its frequent out breaks in dairy animals and it is able to establish persistent infections, which serve as reservoirs for transmission (Wray and Davies, 1996; Yan et al., 2003). It is now considered that all of the Salmonella that infect mammals and birds belong to one species i.e Salmonella enterica. Over 2600 serovars of S. enterica have been identified belonging to six subspecies (McDonough et al., 1999). There are no significant differences between infections caused by the different Salmonella serovars. Salmonella has been widely reported in dairy and beef cattle (Hollinger et al 1998; Smith et al., 1990). The Salmonella spp. is typically transmitted via a fecal-oral route, usually through the consumption of contaminated feed or water (WHO, 1988). As the source of the infection is usually feces from infected cows, but the recovery of enteric pathogens from feces is often complicated by multiple factors including: prior antibiotic treatment, transport stress, intermittent shedding of pathogens in the feces, and low numbers of Salmonella, therefore Sensitive and specific laboratory methods for the isolation and identification of Salmonella are essential elements of diagnosis (MacFaddin, 1977). Also dairy animals with Chronic diarrhea, due to low shedding and intermittent shedding of Salmonella spp pose difficulty in detecting carriers by culture techniques, makes them a potential source of environmental contamination (Merchant and Packer, 1967) . However, molecular methodologies have the potential to increase sample throughput, sensitivity, and specificity, reducing time, but traditional culture remains the diagnostic standard for identification of Salmonella species. Therefore, detection of Salmonella spp in fecal samples is not only important for the establishing the etiology of chronic diarrhea in dairy animals but can help to eliminate the disease at the farm level. The purpose of this study was to utilize molecular technique along with traditional isolation method in order to detect Salmonella as one of the causes of chronic diarrhea in dairy cattle.
Material and Methods
Study was conducted from March 2013 to May 2014 and fecal samples were collected from 40 dairy cattle with history of persistent or intermittent chronic diarrhea. Fecal samples were collected aseptically directly from the rectum and processed within 4-8 hours for the isolation and identification of Salmonella. Fecal smears were found negative for ova/cyst and fecal microscopy was done to rule out AFB. Physical and clinical examination was routinely done and all the vital parameters were within the normal ranges. 
Isolation of Salmonella: Approximately 1 gram of feces was directly inoculated in 9ml of buffered peptone water and another 0.1 ml portion was transferred to10 ml of Rappaport Vassilidis (RV) broth, incubated overnight at 42 °C (HiMedia, Mumbi). From the selective enrichment, samples were inoculated on Hekton enteric agar (HE) and incubated at 370C overnight (18-24 hours). Finally for selective isolation suspected colonies from the HE agar plate were inoculated on Brilliant Green Agar plates (HiMedia, Mumbi) and incubated at 370 C overnight. Characteristic Salmonella colonies on a BGA agar plate appear red and impart a pink colour to the surrounding. Typical colonies were subjected to biochemical tests using triple sugar iron (TSI), methyl Red, voges-Proskauer (MRVP), urea, lysine iron agar, indole tests (Himedia, Mumbi) and identified using standard methods (Sambrook, 2000). Samples were also stained with Gram’s staining technique (Cohen et al., 1993).
PCR
Chromosomal DNA extraction: The extraction of DNA was performed according to the standard method given (Cohen et al., 1995)
Primers 
Two universal oligonucleotides primers were obtained from ITC (India). The primer sequences for the upper and lower oligonucleotides, from 5' to 3', were as follows: Forward primer-ACT GGC GTT ATC CCT TTC TCT GGT G; Reverse primer-ATG TTG TCC TGC CCC TGG TAA GAG A, to obtain 496 bp product. PCR was done in 25 μL reaction volumes; a PCR mixture was prepared consisting of forward and reverse primer (1.0 µM each), Taq Master mix 12.5 µL and 5 μL of sample. The reaction was completed upto 25 μL with nuclease free water. A positive and negative control containing the template DNA from Salmonella spp was also included in the experiment. The reaction was run for 30 cycles and PCR was programmed to 1 min for denaturation at 94°C, annealing at 55°C for 1 min and extraction at 72°C for 1.30 min, concluded with a 10 min extension phase at 72 C. Then stored at 20°C (Eid, 2010; Gouws et al., 1998).
Electrophoresis of PCR products 
The amplified DNA products from Salmonella spp specific-PCR were analyzed with electrophoresis on 1% agarose gels stained with ethidium bromide and visualized under gel documentation system (Biorad, USA). 
Antimicrobial susceptibility test
The antimicrobial susceptibility test of positive isolates was performed by Kibry-Bauer disk diffusion method on Muller Hinton agar (HiMedia-India). The isolates were tested for the following antibiotics; ciprofloxacin (5 μg), chloramphenicol (30 μg), tetracycline (30 μg), ampicillin (10 μg), streptomycin (10 μg), enrofloxacin (30 μg), co-trimoxazole (Thrimethoprim- sulfmethoxazole) (25 μg), gentamycin (10 μg), amoxicillin (10 μg) and ceftriaxone (30 μg) (HiMedia- India). According to the width of the inhibitory zone, the pattern of drug sensitivity was determined as highly sensitive and low sensitive (resistant).
Results
 Initially fecal microscopy was done to rule out presence of (cyst or ova) parasitic infection. Also all the positive eight samples were acid fast bacillus (AFB) negative by Zeihl Neelsen staining technique that rules out concurrent paratuberculosis infection.
Eight (20.0 %) out of forty samples from cattle feces were culture positive for Salmonella spp. The isolates were indole negative, methyl red positive, Vogues-Proskauer (VP) negative, urease negative and TSI test positive for salmonella. On Gram staining Salmonella were identified as short single gram negative rods. Eight (20.0%) samples were PCR positive for Salmonella sp. The amplified PCR products were visualized by UV illumination showed the expected bands of about 496 bp (Figure-1) and the results demonstrated a correct genus identification of examined Salmonella isolates. Simultaneously feces from healthy cattle were culture negative and PCR negative for Salmonella. 
Clinical findings: All Salmonella positive animals presented variable degree and frequency of diarrhea, like pasty fecal volume to profuse watery diarrhea along with mild dehydration and decrease in appetite was also recorded (Table-1).
In vitro antibiotic sensitivity pattern of all the eight isolates of Salmonella were determined by disc diffusion method and antimicrobial susceptibility pattern of the isolates indicated that all eight isolates were 100 percent, 87.5 percent and 75.0 percent resistant to, amoxicillin and ampicillin; streptomycin, chloramphenicol and ceftriaxone. On the other hand the isolates were 87.5 percent, 75.0 percent and 62.5 percent sensitive to Ciprofloxacin, gentamicin and Co-trimoxazole. The rates of resistance were as follows: chloramphenicol, 40.3%; tetracycline, 33.3%; gentamicin, 5.3%; co-trimoxazole, 5.3%; nalidixic acid, 1.8%; and amoxicillin, ceftriaxone, ampicillin, 100 percent resistance.
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Figure-1: Positive samples determined by PCR and detected by 1 % agarose gel electrophoresis Lane ladder: 100 bp molecular size marker ladder;  lanes 1, 2-9: positive samples.



Table-1:-Clinical findings due to Chronic Salmonellosis in dairy animals
	Animal
	Duration of Diarrhea
	Course of diarrhea
	Other Clinical signs
	Consistency of feces
	Abnormal constituents in feces
	Odor of feces 

	Cow-1
	1-month
	Persistent 
	Fever, weight loss, reduced feed intake
	Watery
	-
	Offensive 

	Cow-2
	1-1/2 month
	Intermittent
	Fever, reduced feed intake
	Watery
	Blood 
	Offensive 

	Cow-3
	25 days
	Persistent 
	Weight loss, decreased feed intake
	Severe watery
	Mucosal shreds
	Normal 

	Cow-4
	1-month
	Persistent
	Fever, weight loss
	Moderately soft
	-
	Offensive 

	Cow-5
	3-months
	Intermittent
	Fever, weight loss
	Mildly soft
	Mucus 
	Offensive 

	Cow-6
	2-1/2 month
	Intermittent
	Weight loss, decreased appetite
	Moderately soft
	-
	Offensive 

	Cow-7
	4-months
	Intermittent
	Weight loss, fever
	Mildly soft
	-
	Normal 

	Cow-8
	1-month
	Persistent
	Weight loss, reduced feed intake
	Watery
	-
	Offensive 



Discussion
Salmonella was rapidly detected from feces of dairy cows by PCR method using two oligonucleotide primers to detect Salmonella spp (Genovese, 1994). In our study eight samples were positive for Salmonella spp, similar was demonstrated by the utility of the PCR to determine the presence of Salmonella spp. in beef cattle and isolated 9 Salmonella spp of 20 samples, whereas the pathogen was detected by the PCR in 11 samples (55%)  (Jadidi et al., 2012). In a previous study in Iran, biochemical and molecular assay to detect and diagnose Salmonella in cattle was carried, out of 1124 fecal samples, 34 were PCR positive (Addis et al., 2011). In another study in Ethiopia, out of the total of 195 dairy cows tested, 10.76 percent (21/ 195) were culture positive for Salmonella, either from milk or feces (Akoachere et al., 2009). Higher prevalence of Salmonella among adult dairy cattle of about 27 percent was also observed (Lewis, 1997). Dairy animals with chronic diarrhea act as carrier and a source of infection for other herd animals. The need for the development of rapid and accurate detection methods for Salmonella has increased in recent years due to higher incidence of the disease (Van der Zee and Huis-Veld, 2000). The results of this study revealed that conventional isolation method is equally sensitive and diagnostic standard in areas for which conventional microbiological techniques is the only option for diagnosis and PCR is too expensive. The higher occurrence of Salmonella spp from the feces of diarrheic cattle is a concern to the dairy farms, since they are the potential source of infections and contamination can cross from one species to another. Conventional methods of isolation of Salmonella strains is time consuming and take 4–7 days to complete, therefore, development of a rapid and sensitive method for the diagnosis of Salmonella spp is desirable (Eriksson and Aspan,  2007; Smith, 1994). In this study the positive cases were sporadic in occurrence without any history of previous outbreak. The fact may be that illness is not due to recently acquired infection, but to activation by some other stress factor of a latent infection. Sometimes the failure to recognize the introduction of infection may precede the development of clinical disease by several months or years. However sudden change in herd resistance, due to concurrent disease, nutritional stress or severe weather, can increase the susceptibility of cattle to Salmonella infections (Bahry et al., 2007).
Resistance for two or more of antimicrobials (100 %) which was observed in this study was also observed (Khaitsa et al., 2007). This finding is in line with previous reports from South India (Suresh et al., 2006), Nigeria (Pathmanathan et al., 2003) and Cameroon (Akoachere et al., 2009). These studies reported over 90 percent and 100 percent resistance to amoxicillin and ampicillin respectively. The result of the current research also indicated resistance of Salmonella isolates to commonly used antimicrobials including ampicillin, streptomycin, amoxicillin and ceftriaxone. The antimicrobial resistance may be due to the emergence of drug resistant strains following the extensive and indiscriminate use of antimicrobial agents for therapy (Hghi et al., 2009; Alexander et al., 2009). Tetracycline and chloramphenicol resistances were very frequent among current isolates and there have been reports in the literature of very low rates and of very high rates of resistance to these therapeutic agents (Rotimi et al., 2008). Ciprofloxacin, gentamicin, co-trimoxazole and enrofloxacin showed good antimicrobial activity against Salmonella isolates and we consider these agents to be very good alternatives for clinical treatment. Such results have been earlier reported as well and are comparable with the results of this study (Callaway et al., 2005). The effectiveness of such drugs may be because they are not widely used and in this study might be due to the reason that these antibiotics are still active against Gram negative organisms. Antimicrobial agents are used as therapy, prophylaxis and as growth promoters in dairy farming. All of these are responsible for promoting selective pressure on bacterial populations and thereby antibiotic resistances are developed. Antimicrobial resistance increases the morbidity, mortality and costs associated with disease (Hoque et al., 1996). Today, antimicrobial resistance is one of the major health problems in human and veterinary medicine.

Conclusion
The Salmonella were detected from eight (20.0%) cases out of forty cases that were culture positive and PCR positive. The antimicrobial susceptibility pattern of the isolates showed that all eight isolates were resistant to amoxicillin, tetracycline, ampicillin, ceftriaxone. Whereas 87 percent isolates were sensitive ciprofloxacin and gentamicin. In order to find the actual etiology of chronic diarrhea, where it can be inflammatory in nature, isolation and detection of Salmonella and the antibiogram pattern is of paramount importance in order to design methods of minimizing the possible transmission of Salmonella in herd. Moreover there is further need to investigate the other causes that are responsible for chronic diarrhea in dairy animals.  
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