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Investigation of the Presence of Norovirus (GI, GII) and Hepatitis A virus with Real-Time RT-PCR test in Milk Cans of Small Family Enterprises that Selling Raw Milk†



ABSTRACT 
In this study, the presence of Norovirus GI, NoV GII and Hepatitis A Virus was investigated in milk cans where the milk of dairy cows aged 24 months and older were collected from small family enterprises selling raw milk in Burdur-Merkez. In the Real-Time RT-PCR analysis performed to determine the presence of NoV and HAV in milk samples taken from 100 small family enterprises selling raw milk in Burdur-Centre; 16% NoV GI, 12% NoV GII, 8% HAV positivity was detected. In the results obtained as co-infection; 4% NoV GI + NoV GII and 8% NoV GI + NoV GII + HAV were determined. The mean SCC in the milk obtained in the study was determined as 339.020+249.230.9. In this study, the mean SCCs of NoV GI, NoV GII and HAV positive samples were statistically lower than the mean SCCs of negative samples (p<0,05). The mean SCC of NoV GI positive samples was 225.375+60.018,9 (p=0,005), the mean SCC of NoV GII positive samples was 251.166,7+42.994,9 (p=0,01) and the mean SCC of HAV positive samples was 248.750+49.969,1 (p=0,04). It was concluded that the presence of NoV GI, NoV GII and HAV in milk did not affect SCC and could not be used as an indicator of viral presence in milk.
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1. INTRODUCTION
Dairy cattle farms are the most important reservoirs of foodborne pathogens. Food pathogens in milk are generally transmitted directly from the environment or as a result of contamination from extracts from the udder of the infected animal. The most important source of food pathogens in businesses is ruminant intestines. In addition, consumption of water and food infected with feces, excretions of other infected animals, direct contamination of milk jugs/tanks with feces during the collection of raw milk, presence of mastitis milk directly in milk, milking machines and milking practices, milk processing stages and post-pasteurization stages, presence of infected animals, contamination of pastures and living spaces by infected animals with their feces, contamination of milk jugs and tanks, consumption of unpasteurized milk and milk (cheese, etc.) by people, birds, rodents, pests, pet animals (cats and dogs) fed on the farm and other agents also play an important role in the transmission of bacteria, fungi, viruses and parasites. Raw milk tanks and jugs in dairy farms provide information about udder health, environmental pathogens, milk chemical residues and antibiotics [3,18,13]. Therefore, the biggest responsibilities of the dairy industry, large and small dairy farms globally, are to prevent the spread of foodborne diseases among human populations and to produce high quality and safe dairy products [12]. In this study, the presence of Norovirus (NoV) GI, NoV GII and Hepatitis A Virus (HAV) was investigated molecularly in the milk jugs where milk from dairy cows aged 24 months and above were collected in small family farms selling raw milk in Burdur-Center. Somatic Cell Count (SCC) was performed on the milk samples taken. 

2.MATERIALS AND METHODS
2.1. Experimental Units
Milk production by small familial enterprises selling raw milk in Burdur-Central Milk samples were obtained from 40 kg milk jugs and placed in two 15 mL and 50 mL centrifuge tubes. To achieve this, 100 enterprises were sampled. Milk from cows aged 24 months or older was chosen. Number of cows in the enterprises was shown in the Figure 1. The milking and hygienic conditions in the enterprises where the sample was collected were also investigated. For this aim, a survey was undertaken in the establishments where sampling was done. It is located between 29º-24' and 30º-53' Eastern longitudes and 36º-53' and 37º-50' Northern latitude. 

Figure 1. Number of cows in the enterprises
2.2. Preparation of Milk Serum Samples
Approximately 15 ml of milk samples were taken from milk jugs into sterile tubes, and 0.2 ml of rennin and 0.1 ml of saturated CaCl2 were added and incubated at 37oC for 1 hour. Then, it was centrifuged at 3000 rpm for 20 minutes and the cream layer was removed with the help of a spatula. Milk serum was collected using a Pasteur pipette. Milk serum samples were transferred to a sterile tube using a sterile pipette (approximately 1 ml), 5 ml of RNAfterTM (GeneMark, GMbiolab Co., Ltd., Taichung, Taiwan) solution was added and vortexed for 5 minutes. After these processes, the mixture was stored in the -300C deep freezer until test application. The other 50 ml milk samples taken into sterile tubes were used directly in somatic cell analysis on the same day.
2.3. Preparation of Milk Serum Samples for RNA Extraction
Milk serum samples collected under appropriate conditions (cold chain) and stored at -200C in RNAafterTM solution were thawed at room temperature. About 1 ml of milk sample was taken from the dissolved mixture using a sterile pipette. The milk sample taken was transferred to previously prepared sterile eppendorf tubes. Approximately 1 ml of Phosphate Buffer Solution (PBS) was added to these tubes. This new mixture in the eppendorf tubes were vortexed for 10 minutes. Then, the eppendorf tubes were centrifuged at 2500 rpm for 25 minutes at + 4 ºC. After centrifugation, 0.25 ml of the supernatants in the eppendorf tubes were taken and transferred to another sterile eppendorf tubes. After this stage, the RNA extraction protocol was started.
2.4. RNA Extraction Protocol of Milk Serum Samples
RNA extraction protocol was applied to detect the virus genome in milk serum samples. For this purpose, Foodproof Sample Preparation Kit IV (BIOTECON Diagnostic®, Potsdam, Germany) was used. The application was carried out according to the procedure reported by the company (BIOTECON Diagnostic®, Potsdam, Germany). According to this; 500 µl of milk serum and 2 ml of lysis buffer containing carrier-tRNA were added to the 13-15 ml reaction tube and vortexed for 15 seconds and then it was incubated at room temperature for 10 minutes. Brief centrifugation was performed at 7,000 x g for 10 seconds. 2 ml absolute ethanol was added into the same tube and vortexed for 15 seconds. Brief centrifugation was performed again at 7,000 x g for 10 seconds. 700 µl of treated milk serum was transferred to the upper chamber of the filtered collection tube using a pipette. Centrifugation was performed at 7,000 x g for 1 minute. The filtered collection tube was changed for the desired volume of sample and centrifugation was performed at 7,000 x g for 1 minute. The desired volume of milk serum was placed in a new filtered collection tube, 500 µl Washing Solution-I was added and centrifugation was performed at 7,000 x g for 1 minute. The milk serum obtained again was placed in a new filtered collection tube, 500 µl Washing Solution-II was added and centrifugation was performed at 20,000 x g for 3 minutes. The milk serum obtained here was placed in a new filtered collection tube and centrifuged at 20,000 x g for 1 minute. A filtered tube was placed in a clean 1.5 ml reaction tube, 60 µl Elution Buffer was added and incubated for 1 minute at room temperature. At the end of this period, centrifugation was performed at 7,000 x g for 1 minute. Finally, eluted RNA was obtained in a 1.5 ml reaction tube.
2.5. Detection of NoV and HAV Genomes by Real-Time PCR
Foodproof® Norovirus GI, GII plus Hepatitis A virus Detection Kit-5'Nuclease-(BIOTECON Diagnostic®, Potsdam, Germany) kits were used to detect NoV GI, GII and HAV in milk samples by Real-Time PCR method. For this purpose, firstly, a total of 15 µl of PCR mixture was prepared for each sample, including 14 µl of foodproof® Norovirus GI, GII plus Hepatitis A virus kit master mix and 1 µl of enzyme solution in a reaction tube. 10 µl of each RNA extraction sample was taken into a different reaction tube and 15 µl of the previously prepared PCR mixture was added. A total of 25 µl of mixture was prepared in the reaction tube of one sample. Additionally, 10 µl of Negative control was added to one of two different reaction tubes and 10 µl of Positive control was added to the other tube. The samples in all reaction tubes were transferred to PCR plates in the amount they contained, tightly covered with transparent foil, and centrifuged for a short time (10-15 seconds) in a suitable centrifuge device. The amplification phase was started in the Real-Time PCR device (BioRad, Cfx96™ Real-Time System C1000 Touch Thermal Cycler, USA) in accordance with the temperature-time program specified by the kit manufacturer. The prepared plate was placed into the device and the program was run. The temperature-time program specified by the kit manufacturer was applied: For reverse transcription, 1 cycle of 450C for 30 minutes, 1 cycle of 950C 5 minutes for pre-incubation and For amplification, 50 cycles were performed for PCR: 950C for 15 seconds as the first step, 600C for 60 seconds as the second step, and 720C for 10 seconds as the third step. The data obtained after the fluorescent reading of the amplification results on the device (BioRad, Cfx96™ Real-Time System) were evaluated according to the result evaluation table specified by the kit manufacturer.
2.6. SCC Analysis
Milk samples taken from the milk jugs (40 kg) of small family businesses selling raw milk in Burdur-Center into 50 ml centrifuge tubes were brought to Burdur Mehmet Ersoy University Scientific and Technology Application and Research Center (BİLTEKMER) under cold chain. Somatic cell count was performed on the Milk Analyzer device (Bentley 150, Infrared Milk Analyser, USA) on the same day. In this analysis, the Turkish Standards Institute's (TSE) Counting of Milk Somatic Cells, Electronic Particle Counter Method [23,24] procedures were taken into account.
2.7. Statistical Analysis
IBM SPSS version 15 software was used in the statistical analysis in the study. Descriptive analyzes were given using mean and standard deviation. The SCC averages of NoV GI, NoV GII and HAV positive milk samples were compared with Student-T test. Comparison of binary groups in the survey study was made with the Chi-square test. Cases with a P value below 0.05 were considered statistically significant.

3. RESULTS
In the Real-Time PCR analysis performed to detect the presence of NoV and HAV in milk samples taken from 100 small family businesses selling raw milk in Burdur-Center; 16% NoV GI, 12% NoV GII and 8% HAV positivity were detected (Table 1; Figure 2). Additionally, the results obtained as co-infection were determined as 4% NoV GI + NoV GII and 8% NoV GI + NoV GII + HAV (Figure 3; Figure 4). The results were evaluated according to the evaluation table provided by the test kit (Table 2). No statistically significant result was found between NoV GI, NoV GII, HAV positivity and number of animals (p>0.05).  

Table 1. NoV (GI, GII) and HAV positivity level in milk samples
	Type
	        Positive (%)
	       Negative (%)
	Total

	HAV
	8 (8%)
	92 (92%)
	       100 (100%)

	NoV GI
	16 (16%)
	84 (84%)
	       100 (100%)

	NoV GII
	12 (12%)
	88 (88%)
	       100 (100%)


  
Table 2. Result evaluation table according to the status of fluorescence wavelengths of FAM, HEX and ROX channels
	FAM
	HEX
	ROX
	Positive control (Cy5)
	Interpretation of results

	      +
	       +
	       +
	       + / -
	    HAV, NoV GI, NoV GII positive

	       -
	       +
	       +
	       + / -
	    NoV GI, NoV GII positive

	      +
	       -
	       +
	       + / -
	    HAV,NoV GII positive

	      +
	      +
	       -
	       + / -
	    HAV, NoV GI positive

	       -
	      +
	       -
	       + / -
	    NoV GI positive

	      +
	       -
	       -
	       + / -
	    HAV positive

	      -
	       -
	      +
	       + / -
	    NoV GII positive

	      -
	       -
	       -
	        +
	    HAV, NoV GI, NoV GII negative

	      -
	       -
	       -
	         -
	    Invalid
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Figure 2.Real-Time PCR results (NoV GI positive)

[image: ]
Figure 3.Real-Time PCR results (HAV + NoV GI+ NoV GII positive)
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Figure 4.Real-Time PCR results (NoV GI + NoV GII positive)


SCCs in milk jugs in enterprises where viral agents detected are given in detail in Table 3 for NoV GI, NoV GI+NoV GII and NoV GI+NoV GII+HAV. In determining the SCC, for Raw Cow Milk, the number of colonies at 30 ˚C has been reported as ≤ 100,000 (per milliliter) and SCC (per milliliter) ≤ 400,000 as the Communiqué on the Supply of Raw Milk in the Official Gazette dated 27 April 2017, Issue: 30050 (Communiqué No: 2017/20) Annex: 6 Criteria to be complied with by Livestock and Food Business Operators Producing Milk. The statistical analyzes were made taking this criterion into consideration. The average SCC in the milk obtained in the study was 339.020+249.230,9. NoV GI (225.375+60.018,9; p=0.005), NoV GII (251.166.7+42.994,9; p=0.01) and HAV (248.750+49.969,1; p=0.04) obtained in this study. SCC averages were found to be statistically lower than negative sample averages (p<0.05).



Table 3. SCC averages of milk samples found positive
	Sample No
	NoV GI
	NoV GII
	HAV
	SCC Average ± Standart deviation

	10
	+
	-
	-
	146.000

	14
	+
	+
	+
	194.000

	22
	+
	+
	+
	281.000

	30
	+
	+
	-
	227.000

	43
	+
	-
	-
	150.000

	44
	+
	+
	+
	220.000

	46
	+
	+
	+
	300.000

	47
	+
	+
	-
	285.000

	56
	+
	-
	-
	161.000

	61
	+
	+
	+
	173.000

	68
	+
	+
	+
	202.000

	75
	+
	+
	-
	225.000

	86
	+
	-
	-
	172.000

	87
	+
	+
	+
	218.000

	91
	+
	+
	+
	289.000

	94
	+
	+
	-
	297.000




4. DISCUSSION
In our study, Real-Time PCR analysis was performed to detect the presence of NoV in milk samples taken from 100 small family businesses selling raw milk in Burdur-Central; 16% NoV GI and 12% NoV GII positivity was detected. Additionally, 4% was determined as NoV GI + NoV GII co-infection. Human NoV strains are classified as GI, GII and GIV. The GI.1 Norwalk virus strain is classified as the prototype, and the most commonly detected type of NoV GII, known as NoV GII 4, can cause large epidemics in humans [9]. Studies have reported that the primary agents in uncooked foods are AstV and NoV [11], while the highest prevalence in milk and dairy products is NoV [6] . Pakbin et al. [14] investigated NoV GI, NoV GII, HAV, RoV, AstV, Bovine Leukemia Virus (BLV) and Tick Born Encephalitis Virus (TBEV) in 492 raw cow's milks in dairy markets in Iran by conventional and nested RT-PCR method. As a result of the research; They determined that there was contamination at the level of NoV GI 34.95% and NoV GII 7.72%. Interestingly, they found that AstV and NoV GI were the most common virus profiles together in samples collected in the southern region of the country, and the highest correlations were seen between RoV and HAV, TBEV and NoV GII. It has been pointed out that the presence of different foodborne and zoonotic virus profiles and prevalence rates in raw milk may be due to the cow's milk production chain and pasteurization processes. Silva et al. [17] examined NoV GI, GII, and Human Adenovirus (HAdv) with Real-Time PCR in cheeses prepared from raw milk in Brazil. Out of 100 samples, they identified NoV GI in 2 (26%), HAdV in 14 (14%), and both NoV GI and HAdV in 3 (3%). However, NoV GII could not be detected. According to these results, in cheeses prepared from raw milk, they reported that applying minimal processes, preparing from raw milk, not applying heat treatment, collecting samples from markets and using fresh ready-to-eat products increase the risk of infection. Therefore, they stated that GMP and HACCP practices are needed in the dairy industry and markets. Yavarmanesh et al. [27] conducted a study on the distribution and correlation of HNoV GI, GII in the presence of E.coli and F+ coliphage in raw milk. In another study supporting this situation [2], they investigated the presence of NoV, RoV, AstV antigens on the hands of personnel working in the production departments of milk and dairy products enterprises in Burdur city center and Bucak district with ELISA tests. In the study, they determined the presence of NoV antigen in the stool of 1 personnel. They concluded that the person who was found to be NoV antigen positive among the personnel participating in the study did not receive hygiene training, a personnel who did not receive hygiene training did not use gloves, and the personnel with whom NoV antigen was detected had the potential for viral transmission to both other personnel and the foodstuffs they came into contact with during packaging. It has been reported that RoV, HAV, NoV GI and GII factors detected in raw milk can be easily transmitted from infected human hands and surfaces in milk tanks, production facilities, packaging, etc. [5]. 
In this study, 8% HAV positivity was detected in the Real-Time PCR analysis performed to detect the presence of HAV in milk samples taken from 100 small family businesses selling raw milk in Burdur-Center. Additionally, 8% was determined as NoV GI + NoV GII + HAV co-infection. Pakbin et al. [14] investigated NoV GI, NoV GII, HAV, RoV, AstV, BLV and TBEV using conventional and nested RT-PCR method in 492 raw cow's milk in markets selling dairy products in Iran. As a result of the research, they determined that HAV contamination was at a level of 25.81%. Hennechart-Collette et al. [7] investigated the presence of HAV, HEV, NoV GI, GII, and MNV-1 in milk and dairy products. They determined the presence of HAV, HEV, and NoV in 16 different milk and dairy products (milk, cheese, yoghurt and cream) simultaneously in milk, cheese, yoghurt and cream and found HAV between 5.76% and 76.40%. Terzi et al. [21] investigated the presence of Enterovirus and HAV in raw milk and whey sold in markets in Samsun, Turkey, using RT-PCR. While 4 (8%) Enteroviruses were detected in 50 milks, the presence of HAV was not found in any milk. Additionally, both enterovirus and HAV positivity could not be detected in whey. As a result of the research, it is emphasized that milk should be pasteurized to preserve milk nutrition, kept under control under cooling, complete pasteurization services to protect contaminations after pasteurization, and more successful maintenance to eliminate HAV and Enteroviruses from contaminated milk. Hirneisen et al. [8] reported that HAV was detected between 33.8% and 49% in milk with virus at a level of 106 - 107 TCID50/ml in the milk inoculum. Wu et al. [26] detected HAV in green onions, strawberries, mussels and milk with the double-step reverse transcription loop-mediated isothermal amplification bioluminescence-based determination of amplification in real-time method. Accordingly, they determined a detection limit of 8.3x100 PFU/40 ml in milk. It was concluded that the developed technique was effective, simple, sensitive and reliable in detecting HAV. 
It has been reported that a comprehensive control set should be used due to the low level of viral contamination in foods and the presence of fat, casein, whey proteins and lactose in dairy products [19]. The ISO 15216 method involves the use of a process control virus and external amplification controls such as external control RNA to evaluate any inhibition of amplification. The ISO 16140 procedure establishes the general principle as well as the technical protocol for the validation of alternative methods in the field of microbiological analysis of foods. The latest international standard ISO 16140-4:2018 defines experimental designs to test the effect of matrices, virus inoculum levels and the interaction between various factors. It also reflects variation within a single laboratory under routine conditions [7]. With the kit we used in this research, simultaneous, qualitative detection and discrimination of HAV, NoV GI and GII, and bacteriophage MS2, which is a process control, is possible according to ISO 15216 criteria. The kit also includes a bacteriophage MS2 solution that can be added to the sample and treated as a sample. A specific sequence of process control is then detected in each sample. Enrichment of food samples is not possible in standard ISO protocols. Instead, matrix-specific virus concentration protocols are provided. Prepared for manual extraction of samples in the Foodproof® Sample Preparation kit IV. After virus concentration and RNA extraction, the RNA is tested with the foodproof® NoV (GI, GII) and HAV Detection Kit. The analysis shows whether HAV or NoV-specific sequences are amplified and whether recovery rates higher than 1% are obtained for process control. In this way, the detection results are verified [15,25]. Increases in SCC in milk are seen as the first reaction of the cow's immune system.  
Increases in SCC in milk are seen as the first reaction of the cow's immune system. The presence of a high number of SCC in milk indicates that the udder is exposed to infection by microorganisms [16]. In terms of milk technology, the raw material to be used in the production of drinking milk and dairy products is important in the quality of raw milk. SCC is among the quality criteria of raw milk in our country, as in most countries, and also ensures a premium to the producer in the pricing of milk. Research has shown that when SCC is high, milk yield decreases, the processability of milk into products decreases, it causes loss of efficiency in cheese production due to the decrease in casein rate, and as a result of faster lipolysis and proteolysis in pasteurized milk obtained from such milk, sensory quality losses (rancidity and bitterness) and shelf life are shortened [20]. It has been reported that more than 200,000 SCCs are required in one ml of milk [4]. It has been explained that if SCC is above 250,000-300,000 cells in one ml of milk, the milk is not healthy, the udder is likely to be infected with mastitis, and may have negative effects on milk yield and quality [10]. In the European Union Commission Communiqué No. 1662/2006, "Specific Hygiene Rules for Foods of Animal Origin", it is stated that SCC in raw cow's milk should be determined for 3-month periods by taking at least 1 sample per month and the geometric mean of the number found is 400,000 per ml. and below [1]. In our country, according to the Turkish Food Codex (TGK) Communiqué No. 2000/6 on "Raw Milk and Heat-Treated Drinking Milks", it is reported that the number of somatic cells per ml of raw cow's milk should be 500,000 or less [22].
The average SCC in the milk collected in the study was determined as 339.020+249.230,9. In this study The average SCC in milk obtained with NoV GI positive was 225.375+60.018,9 (p=0,005), SCC average in NoV GII positive milk was 251.166,7+42.994,9 (p=0,01) and the average SCC in HAV positive milk was determined as 248.750+49.969,1 (p=0,04) The averages of these positive samples were found to be statistically lower than the negative sample averages (p<0.05). According to the results obtained, it was concluded that the presence of NoV GI, NoV GII and HAV in milk did not affect SCC and could not be used as an indicator of viral presence in milk. In our literature review, we did not find any study based on the relationship between the presence of NoV GI, NoV GII and HAV in individual cow milk, tank or jug milk and SCC. The results we obtained are the first in this regard.

5. CONCLUSIONS
[bookmark: _GoBack]In this study, the presence of NoV GI, NoV GII and HAV was detected in milk samples from small family businesses selling raw milk. It was concluded that the presence of NoV GI, NoV GII and HAV in milk collected in the same enterprises did not affect SCC and could not be used as an indicator of viral presence in milk. 
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