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Summary
Listeria monocytogenes is the causative organism of listeriosis, which primarily affects immune-compromised individuals, including pregnant women. Contamination of milk and milk products with L. monocytogenes is a serious problem to the world and to the developing countries like Sri Lanka. Even the presence of low numbers of L. monocytogenes is a potential risk since this organism is capable of multiplying at ambient and under refrigerated conditions. The main aim of our study is to detect the circulating serotypes in dairy industries using molecular methods and primarily to trace the lineage of these serotypes with a focus on food safety and disease prevention. Raw milk, pasteurized milk, Ice cream, curd, yogurt and cheese samples were collected from many parts of the country, tested for the presence of L. monocytogenes and studied the serotype. L. monocytogenes was detected in all the above mentioned milk and milk products. Out of total strains detected  L. monocytogenes by PCR,  61.51%, 11.53% and 4% belong to serotypes 1/2a (or 3a) [lineage II], 1/2b (or 3b) [lineage I] and, 1/2c (or 3c) [lineage II] respectively. It has ben observed previously that serotypes (1/2a), 1/2b) isolated from rw milk samples been linked to multiple human listeriosis outbreaks. The above identified serotypes, which belong to lineage I & II could be used in genetic analysis and lineage studies which in turn shed new light on Sri Lankan isolate characteristics. Further these findings will support for the improvement of better quality dairy products.In the dairy industry continued efforts to control the presence of this pathogen in the production chain are urged and critical to ensure the safety of these products. This study revealed the serotypes of L. monocytogenes circulating in Sri Lanka, thus makes an alarm to the health authorities to be more vigilant about the probable outbreaks of listeriosis in Sri Lanka.This is the first report on serotypes of L. monocytogenes circulating in Sri Lanka. 
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Introduction

Listeria monocytogenes is a pathogenic bacterium that can cause Listeriosis in humans and various animal species. In humans, foodborne L. monocytogenes causes large outbreaks of Listeriosis, with a mortality rate of 9% to 44% (Clark et al., 2010). The primary mode of infection is through the ingestion of contaminated food. Therefore, contamination of milk and milk products with L. monocytogenes is a serious problem to the world. 

Different strains of L. monocytogenes express different antigenic determinations, thus each strain can be serologically identified.  L. monocytogenes is divided into at least 12 serotypes (1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4c, 4d, 4e, and 7). The virulence of L.monocytogenes seems to be serotype dependent with serotypes 1/2a, 1/2c, 1/2b and 4b being involved in 98% of documented human listeriosis cases. .  

L. monocytogenes can now be further classified into three evolutionary lineages. Lineage I encompasses serotypes 1/2b, 3b, 4b, 4d and 4e, lineage II includes serotypes 1/2a, 1/2c, 3a, and 3c; and lineage III comprises serotypes 4a, 4c as well as 4b. 
Only two studies have been reported in Sri Lanka to ascertain the presence of L. monocytogenes in our dairy products. According to their results the percentage of L. monocytogenes contaminated milk samples in Sri Lanka is much higher compared to developed countries (Gunasena et al., 1995 and Jayamanne and Samarajeewa, 2001). Only four suspected cases of listeriosis have been reported in Sri Lanka so far (Wijesundera et al., 1992, Withana and Mirando, 1967) 

The main aim of our study is to detect the circulating serotypes in dairy industries using molecular methods and primarily to trace the lineage of these serotypes, as these serotypes are responsible for outbreaks and epidemics.  
Materials and methods

Bacterial strains and growth conditions:

L. monocytogenes ATCC 51776 and L. innocua ATCC 33090 was used in the sensitivity & specificity studies respectively. All the bacterial strains were grown on blood agar (Oxoid-UK) at 370C for 24 h & then sub cultured in Brain Heart Infusion (BHI) broth.  Listeria Enrichment broth (Oxoid-UK) was used for enrichment and the selective agar media, (Oxoid-UK) were used for selective plating. Stock cultures were made using skimmed milk.

Sample Collection:

Samples were collected randomly from many parts of the country (Fig I). 154 samples of raw and pasteurized milk samples were collected from farms and milk collecting centers and 112 samples of milk products such as cheese, curd, yogurt and ice cream were obtained from retail outlets including supermarkets, farm shops, groceries, milk booths and public markets (Table I).
Detection of Listeria by Nested PCR: 

Concerning the oligonucleotides used in this work, their sequence, annealing temperature, size of amplified fragment, targeted gene and references are listed in Table II. Primers LM1/LM2 were used alone or in combination with LL5/LL6 (Border et al.,1990).
Sample preparation & DNA extraction:

Specificity assay was carried out on artificially inoculated samples with L. monocytogenes ATCC 51776 and L. innocua ATCC 33090. Sensitivity assay was carried out on artificially inoculated samples prepared as follows: 9.5 ml of sterilized milk was taken and inoculated with 500 μl of 10-fold serial dilutions of an overnight grown culture of L. monocytogenes ATCC 51776 strain in BHI broth, covering a range from 1 to 107 CFU/ml including a negative control without inoculation. In all the samples DNA was extracted from 24 hour enriched dairy products according to Gerrit et al (2005) with modifications namely three washing steps using PBS. Extracted DNA was recovered in 50 μl of molecular biology grade water and kept at -200C. 10 μl of DNA solution was used as a template for PCR amplification.
PCR amplification:

Nested PCR detection was employed for all the extracted DNA samples with modifications (Lieve et al., 1995). PCR amplifications were performed in a final volume of 50 μl containing 5 μl of 10X PCR buffer (200 mM Tris–HCl, pH 8.3), 1.5 mM MgCl2, 500 mM KCl) 1.25 μl of dNTP mix (dGTP, dTTP, dATP and dCTP, each 2 mM) , 1 U of Taq polymerase and 50 pmol of each appropriate primer. For the ﬁrst PCR, 10 μl    of the sample DNA was added; for the second PCR, 5 μl, 2 μl and 1 μl of the ﬁrst PCR mixture were used as templates.  PCR was performed in the PCR 9600 thermal cycler (Perkin-Elmer Corp.).

PCR thermal profile:

The ﬁrst round PCR involved denaturation at 950C 1 min for the first cycle and then denaturation at 950C for 15 s, annealing at 570C for 2 s, and extension at 720C for 30 s for 30 cycles, followed by extension at 720C for 4 min after the 30th cycle. For nested PCR, the regimen described above was used, except the annealing temperature was 550C. 

Serotyping by PCR:

Serotyping was done according to the method mentioned by Borucki  and Call, (2003). 

Primers used:

D1, D2, FlaA and GLT primers were used. The primers used were based on division specificity. D1 forward and reverse primers and D2 forward and reverse were used in identifying division I/III & division II respectively (Table III).  All D1 positives were further tested with primer set glt forward and reverse which were designed with sequences from the gltA-gltB flanking region in the 1/2 b serotype.  All D2 positives were further tested using FlaA forward and rivers primers, which encodes the flagellin protein and is, conserved between serotypes 4b and 1/2 a (Fig II). 

PCR amplification:

The amplification conditions depended on which primers were being used. For all the reaction mixtures, 1X PCR Buffer, 20 mM MgCl2, 20 mM of dNTP each, 0.2 U Taq polymerase, 25 pmol/µl of primer, and 2 µl of DNA template were used for a final 25µl total volume.  

Thermal condition:


95(C for 3 mins, 95(C for 25 cycles (D1, D2, and glt), or 95(C for 30 cycles (FlaA) for 30 secs, 75(C for 60 secs. and a final step of 72(C for 10 mins post-cycle (Table III).
The PCR performed in a PCR System 9600 thermal cycler (Perkin-Elmer Corp) 

Gel analysis:

Ten micro liters of the PCR products were analyzed on an 2% agarose gel. 

Results
PCR method optimization:

To increase the sensitivity and specificity, a two-step PCR amplification procedure was used.  Modified DNA extraction procedure gave the required PCR bands due to the removal of the PCR inhibitors. With regard to the nested PCR different amounts of first PCR products were used in the second round PCR to increase the sensitivity of the detection.  We found that 1µl of first PCR product gave the optimal sensitivity (Fig. III).  The nested primers tested to determine the specificity thus gave required bands on L. monocytogenes of and not with L. innocua.  Optimized nested PCR detected up to 1 CFU of L. monocytogenes in both pure culture & L. monocytogenes spiked dairy enrichments (Fig. IV). 

In the present study, a total of 266 raw milk and dairy product samples from all over the country were tested by molecular method, it showed that 45 of raw milk, 10 of ice cream, 10 of pasteurized milk, 8 of curd, 4 of cheese and 3 of yoghurt samples were contaminated with L. monocytogenes (Figs. V & VI).

With regard to the distribution of raw milk contamination it was observed that the highest contamination was found in districts of Kandy and Gampaha. Moderate amount of raw milk contaminants were observed in Anuradhapura, Colombo, Hambantota & Polonnaruwa. In contrast lowest contamination occurred in Galle (Fig. VII).
Molecular Serotyping: 

The most frequent L. monocytogenes serotype in this study was 1/2a (or 3a) (60%), followed by 1/2c (or 3c) (11%) and 1/2b (or 3b) (4%) (Fig. VIII). Number of samples having 1/2a (or 3a) serotype were found in 36 (81.81%) in raw milk, 3 (33.33%) in pasteurized milk, 5 (50%) in ice cream, 3 (37.5%) in curd and 1 (25%) in cheese. Further 1/2b (or 3b) serotype, 1 (2.27%) in raw milk and 2 (22.22%) in pasteurized milk and 1/2c (or 3c) serotype, 4 (8.8%) in raw milk, 1(10%) in pasteurized milk, 2 (20%) in ice cream, 1 (25%) in cheese and 1 (33.33%) in yoghurt were also identified (Fig. IX). 

The most common serotype found was 1/2a (or 3a) (lin. II). Apart from 1/2a (or 3a) serotype 1/2b (or 3b) (lin.I) was found in Colombo & Galle. Anuradhapura & Kandy belong to 1/2c (or 3c) (lin. II) apart from serotype 1/2a (or 3a) (lin. II). In Gampaha, Polonnaruwa & Hambantota serotype 1/2a (or 3a) (lin. II) was found exclusively (Fig. X).

L. monocytogenes belong to lineage I & II were found in both Colombo & Galle but in all other districts lineage II was found exclusively.

Discussions

Dairy products are known to be one of the vehicles through which L. monocytogenes is transferred to human. Therefore many countries have initiated a zero tolerance policy prohibiting the sale of processed ready-to-eat (RTE) food products contaminated with L. monocytogenes. This policy designates L. monocytogenes as a contaminant. Previous studies have shown that L. monocytogenes has a very low occurrence in dairy products (Jalali and Abedi, 2007, Moshtaghi and Mohamadpour, 2007). Anyhow in our study as we used molecular detection method with high sensitivity  (1 cfu detected), we were able to detect very low level of L. monocytogenes contaminant in the variety of dairy products.

Our results reveal higher number of L. monocytogenes (42%) detected from raw milk samples in comparison to other countries like  0%  in center of Iran (Jalali and Abedi, 2008) 0.018% in United States (Frye and Donnelly, 2005) 1.1% in England and Wales (Greenwood et al., 1991) and 1.6% in west of Iran (Moshtaghi and Mohamadpour, 2007). In contrast Pintado et al.,(2005) reported higher rate of incidence (up to 46%) in Portugal. These differences may be due to varying environmental condition between different locations as well as method of detection. These figures cautious those hygienic conditions of milking and the subsequent manipulations are substandard in our country. 
L.monocytogenes was also isolated from ice cream (35.7%), which represents another proof that this microorganism can survive freezing temperatures (Cordano and Rocourt, 2001). Increased contamination of ice-cream by this bacterium is explained by very suitable environment for its growth, considering the pH value, water activity, availability of nutrients and storage temperature (Molla et al , 2004).
Pasteurized milk tested in our study indicated PCR positive for L. monocytogenes in 20.4% of samples.  This may be due to the presence of abnormally high pathogen load in the raw milk may have overwhelmed the pasteurization process (Jayamanne and Samarajeewa, 2010.) or that localization of some L. monocytogenes within bovine cells may have protected them from heat inactivation (Swaminathan, 2001). 

In fermented products eg curd, yogurt, L. monocytogenes has the ability to survive during production process and storing .Further, low amount of Listeria contaminants were found from yogurt (10.71%) and cheese (14.28%) in our study. The survival of L. monocytogenes in yogurt depends on the sample acidity and this bacterium disappears when the pH falls to 3.5 (Vermeulen et al, 2007).
When we consider about the distribution pattern of Listeria contamination of raw milk the highest contamination occur in selected areas of Kandy and Gampaha district (wet zone). It may be due to the high moisture content of the soil. Previous studies also indicated that the favourable places for Listeria growth is high moisture content in the environments where the organism has had opportunity to incubate (Bunning et al, 1992). Apart from this, in coastal areas such as Galle, Hambantota and  dry zone areas such as Anuradhapura, Polonnaruwa encountered moderately low amount of raw milk contaminants due to the high salinity and low moisture content of the environment respectively. Previous studies indicated that the growth of L. monocytogenes; the pH values ranged from 5.96 ~ 5.10, with a mean of 5.48; the salt concentrations ranged from 6.30% ~ 3.20%, and the moisture levels averaged 37.79% (Kongo et al, 2006). 

In this study serogrouping by PCR suggests serotypes belonging to phylogenetic lineage of division I comprises serogroups 1/2b (or 3b) and division II comprises 1/2a (or 3a), 1/2c (or 3c). Isolates within this group appeared in all dairy types. It was found that serotype 1/2b (or 3b) was rare with only one positive in raw milk and two positives being picked up in pasteurized milk. This is in line with most studies that have found serotypes 1/2a and 1/2b were to be the most common serotypes in food (Aarnisalo et al., 2003). A study by Wallace et al., (2003) also found serovar 1/2a in 90% of all the L. monocytogenes isolates tested in food samples. The results obtained from the current study indicated a correlation between certain serotypes and specific food products, serogroups 1/2b (or 3b) was absent from Ice cream, curd, yoghurt and cheese. This observation is in line with results obtained by Aguado et al, 2004).

Although most clinical isolates belong to serovars 1/2a, 1/2b, and 4b, the majority of strains which have caused large outbreaks are serovars 1/2a and 1/2b (Kathariou, 2000; Jacquet et al., 2002; Zhang et al., 2007 and Chen and Knabel, 2007). As our findings also include serotypes 1/2a and 1/2b, occurring large outbreaks in future is inevitable in Sri Lanka.

One major finding in this study is that the majority of the isolates found in dairy samples belong to lineage II [1/2a (or 3a), 1/2c (or 3c)] which is in line with results (Gray et al., 2004; Ward et al., 2004).

This study alarms us the possible out breaks of Listeriosis. The presence of serotype of 1/2a & 1/2b further supports this view.  From a public health standpoint, it is extremely important to identify the contaminated food vehicle and remove it from food distribution channels as rapidly as possible. This will reduce additional morbidity and mortality. Outbreak investigations offer unique opportunities to identify the source of contamination of implicated foods, to learn more about the transmission of L. monocytogenes to humans, and to identify measures to prevent future cases. It is not realistic to expect that food-processing establishments can be continuously maintained free of Listeria species. Despite best efforts, 
Listeria is likely to be reintroduced into food processing environments that, if neglected, will eventually lead to contamination of RTE foods. 
This is the first report in Sri Lanka on serotypes circulating in the country which was identified from the dairy products representing different parts of the country. This finding opens the avenue for more research on circulating serotypes and their lineages. The identification and characterization of L. monocytogenes lineages with unique epidemiological, ecological, genetic, and phenotypic characteristics also has important practical implications. For example, it is increasingly apparent that representatives of all lineages need to be included in strain sets that are used to evaluate new detection and sub typing methods. The identified serotypes could be used in genetic analysis and lineage studies which in turn shed new light on Sri Lankan isolate characteristics.

In this study we employed a rapid and early detection PCR system in which the extraction method is cost effective and very much suitable for developing counties like Sri Lanka. The results indicate the seriousness of the L. monocytogenes contamination in the dairy industry. This situation further emphasise the concerned authorities attached to health, local government and environment sectors to take appropriate remedial measures to keep the situation under control. Further this study will help in formulating National Listeria Risk Assessment guidelines for dairy industry in Sri Lanka. In future similar study will be done in human samples thus different serotypes of L. monocytogenes prevailing in the Sri Lankan population can be identified which inurn will help us to investigate the molecular epidemiology of the disease listeriosis in the future.
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List of Tables
	District


	Sites
	Number of samples collected in each type of 
              Dairy  products
	Total

	
	
	 Raw
 milk
	Pasteurized

Milk
	Ice
 cream
	Curd
	Yoghurt
	Cheese
	

	Colombo


	 Homagama
	10
	2
	2
	2
	2
	2
	20
	38

	
	Piliyandala
	05
	5
	2
	2
	2
	2
	18
	

	Gampaha
	Mirigama 
	10
	2
	2
	2
	2
	2
	20
	38

	
	Badalgama
	05
	5
	2
	2
	2
	2
	18
	

	Galle
	Arachchikanda
	10
	2
	2
	2
	2
	2
	20
	38

	
	Batapola
	05
	5
	2
	2
	2
	2
	18
	

	Hambantota
	Tissamaharamaya
	10
	2
	2
	2
	2
	2
	20
	38

	
	Hambantota
	05
	5
	2
	2
	2
	2
	18
	

	Anuradhapura
	Godage Mawatha
	10
	2
	2
	2
	2
	2
	20
	38

	
	Wijayapura
	05
	5
	2
	2
	2
	2
	18
	

	Polonnaruwa
	Sewagama
	10
	2
	2
	2
	2
	2
	20
	38

	
	Bediwewa
	05
	5
	2
	2
	2
	2
	18
	

	Kandy
	Pilimathalawa
	10
	2
	2
	2
	2
	2
	20
	38

	
	Gatambe
	05
	5
	2
	2
	2
	2
	18
	

	Total
	
	105
	49
	28
	28
	28
	28
	 266


Table I: Details of sample collections

	Primer sequences orientation 5’ 3’


	Anneal temp. (0C)
	Coding sequence
	PCR product (bp)
	Targeted gene Reference
	Reference

	LM1:CCTAAGACGCCAATCGAA 
	57
	145 - 162
	701
	Listeriolysin O

sequence (LISHLYA; GenBank accession number M24199) 
	Border et al. (1990) 

	LM2: AAGCGCTTGCAACTGCTC
	
	829 - 846
	
	
	

	LL5:AACCTATCCAGGTGCTC  
	55
	372 to 389 
	267


	
	Thomas et al, 1991 

	LL6:CTGTAAGCCATTTCGTC
	
	622 to 639
	
	
	


TableII: Oligonucleotides used in the PCR detection of Listeria monocytogenes
	Primer Set
	Forward Primer

Reverse Primer
	Anneal Temp ((C)
	Product
 (bp)

	D1
	CGATATTTTATCTACTTTGTCA

TTGCTCCAAAGCAGGGCAT
	59
	214

	Glt
	AAAGTGAGTTCTTACGAGATTT

AATTAGGAAATCGACCTTCT
	45
	483

	D2
	GCGGAGAAAGCTATCGCA

TTGTTCAAACATAGGGCTA
	59
	140

	FlaA
	TTACTAGATCAAACTGCTCC

AAGAAAAGCCCCTCGTCC
	54
	538



Table III:  Summary of PCR primers used to serotype
	Dairy Type 
	No (%) of Serotype (by molecular method) 
	No. of un-typed 

	
	½a
	½b
	½c
	

	Raw milk 
	36 (80%)
	01 (2.2%)
	04 (8.9%)
	04 (8.9%)

	Ice Cream 
	05 (50%)
	00
	02 (20%)
	03 (30%)

	Pasteurized milk 
	03 (30%)
	02 (20%)
	01 (10%)
	04 (40%)

	Curd 
	03 (37.5%)
	00
	00
	05 (62.5%)

	Cheese 
	01 (25%)
	00
	01 (25%)
	02 (50%)

	Yogurt 
	00
	00
	01 (33.3%)
	02 (66.7%)

	Total
	48 (60%)
	02 (4%)
	09 (11%)
	20(25%)


                 Table IV: Distribution of serotypes in each dairy type
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                                    Fig I: Locations of the sample collection
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Fig II: Overview of PCR primers used to serotype
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                      Fig III: Nested PCR using various amount of first PCR product  
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Fig IV: Detection of L. monocytogenes pure culture extracts using the nested assay
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Fig V: No. of samples detected +ve for Listeria by PCR at district level
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Fig VI: Positive findings of L. monocytogenes from Dairy products by PCR
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Fig VII: Distribution of raw milk contamination
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Fig VIII: Serotypes detected at district level (lin. means lineage)
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Fig IX:  Serotypes detected in each dairy type (lin. means lineage)
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Fig X: Distribution of serotypes in each dairy type
�





� EMBED Word.Picture.8  ���





�





�





�





�








�








PAGE  
1

_1448569021.xls
Chart3

		Colombo		Colombo		Colombo		Colombo		Colombo		Colombo

		Gampaha		Gampaha		Gampaha		Gampaha		Gampaha		Gampaha

		Anuradapura		Anuradapura		Anuradapura		Anuradapura		Anuradapura		Anuradapura

		Polonnaruwa		Polonnaruwa		Polonnaruwa		Polonnaruwa		Polonnaruwa		Polonnaruwa

		Galle		Galle		Galle		Galle		Galle		Galle

		Hambantota		Hambantota		Hambantota		Hambantota		Hambantota		Hambantota

		Kandy		Kandy		Kandy		Kandy		Kandy		Kandy



Raw milk

Pasteurized milk

Ice cream

Curd

Yoghurt

Cheese

District

No. of +ve Samples

3

3

2

1

0

0

12

1

0

0

0

0

8

1

4

1

0

0

4

0

0

0

0

0

2

4

0

1

0

1

4

0

1

4

1

1

12

1

3

1

2

0



Chart1

						0				3		5		4		2		0		0		0

		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk

						0				2		1		0		0		0		0		0

		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream

						0				2		0		0		0		0		1		0

		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd

						0				1		0		0		0		0		0		0

		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt

						0				0		0		0		0		0		0		0

		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese

						0				0		0		0		0		1		0		0



Food

type

Colombo

Gampaha

Anuradapura

Polonnaruwa

Galle

Hambantota

Kandy

Food Types

Comparision of Culture & PCR

0

3

1

1

0

4

0

1

0

0

2

0

4

0

0

1

3

0

0

1

0

1

0

1

4

1

0

0

0

0

0

0

0

1

2

0

0

1

0

1

0

1

1

0



Chart2

		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Total		Total		Total		Total		Total		Total		Total		Total		Total		Total



Serotyping

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

1

11

7

4

2

4

7

1

0

0

0

1

0

0

1

0

0

0

1

0

1

0

0

0

0

0

0

0

1

0

1

0

0

1

2

0

0

0

0

0

0

0

1

0

0

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet1

				Raw milk				Pasteurized milk				Ice cream				Curd				Yoghurt				Cheese				Total

		Food

		type

				Raw milk				Pasteurized milk				Ice cream				Curd				Yoghurt				Cheese				Total

		Food

		type

				PCR		Culture +ve		PCR+ve		Culture +ve		PCR		Culture +ve		PCR		Culture +ve		PCR		Cult-ure ve		PCR		Cult-ure+ve		PCR		Cult-ure+ve

				+ve								+ve				+ve				+ve				+ve				+ve

		Colombo		3		3		3		2		2		2		1		1		0		0		1		0		10		9

		Gampaha		12		5		1		1		0		0		0		0		0		0		0		0		13		6

		Anuradapura		8		4		1		0		4		0		1		0		0		0		1		0		21		4

		Polonnaruwa		4		2		0		0		0		0		0		0		0		0		0		0		4		2

		Galle		2		0		4		0		0		0		1		0		0		0		1		1		8		1

		Hambantota		4		0		0		0		1		1		4		0		1		0		1		0		11		1

		Kandy		12		0		1		0		3		0		1		0		2		0		0		0		17		0

		Total		45		14		10		3		10		3		8		1		4		0		4		1		80		22

		Food		Raw milk												Ice						Curd						Cheese						Yogurt						Total

		type

		Areas

						1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII

		Colombo				1		1				1		1				0		1				0		1				0		0				0		0

		Gampaha				0		11				0		0				0		0				0		0				0		0				0		0

		Anuradapura				0		7				0		0				0		1				0		0				0		0				0		0

		Polonnaruwa				0		4				0		0				0		0				0		0				0		0				0		0

		Galle				0		2				1		1				0		0				0		1				0		0				0		0

		Hambantota				0		4				0		0				0		1				0		1				0		1				0		0

		Kandy				0		7				0		1				0		2				0		0				0		0				0		0

		Total

				1/2b=lin I		1/2b		1/2a

		Colombo		2		2		4

		Gampaha		0		0		11

		Anuradapura		0		0		8												1/2b		1/2a

		Polonnaruwa		0		0		4										Colombo		2		4

		Galle		1		1		4										Gampaha		0		11

		Hambantota		0		0		7										Anuradapura		0		8

		Kandy		0		0		10										Polonnaruwa		0		4

						3		48										Galle		1		4

																		Hambantota		0		7

																		Kandy		0		10

								1/2a		1/b		1/2a		1/b		1/2a		1/b		1/2a		1/b		1/2a		1/b		1/2a		1/b

						Raw milk		1		36		2		3		0		5		0		3		0		1		0		0

						Pasteurized milk		2		3

						Ice cream		0		5

						Curd		0		3

						Cheese		0		1

						Yogurt		0		0

						1		36				2		3				0		5				0		3				0		1				0		0

																												1/2b=lin I		1/2a=linII

																												2		4

																												0		11

																												0		8

																												0		4

																												1		4

																												0		7

																												0		10

																												3		48





Sheet1

		



1/2a

1/b



Sheet2

		



1/2b

1/2a

District

No. of samples

Serotypes detected at District level



Sheet3

		



1/2a

1/b

Dairy Type

No. of Samples

Serotype detected in each diary type



		

		Food														Ice						Curd						Cheese

		type

		Areas

				1						2		0				0						0						0

				36						3		5				3						1						0

		Food Type		1/2b=lin I						1/2a=linII

		Raw milk		1						36

		Milk packet		2						3

		Ice		0						5

		Curd		0						3

		Yogurt		0						0

		Cheese		0						1

										Raw milk								Ice cream				Curd				Yoghurt								Cheese

																						Curd												Total

																3		PCR +ve				PCR +ve												PCR		Cul+ve

																1																		+ve

																1		2				1												10		9

																0		0				0												13		6

																4		4				1												21		4

																0		0				0												4		2

																1		0				1												8		1

																10		1				4												11		1

																		3				1												17		0

																		10				8												80		22

																				Ice cream								Cheese

																				PCR +ve				PCR		PCR +ve		PCR +ve

																								+ve

																				2				0		0		1

																				0				0		0		0

																				4				0		0		1

																				0				0		0		0

																				0				0		0		1

																				1				1		1		1

																				3				2		2		0

																				10				4		3		4

																k

														PCR +ve		PCR+ve												Total

												PCR+ve						PCR +ve		PCR +ve				PCR +ve

										Total		45		10		10		8		3				4

												Raw milk		Pasteurized milk		Ice cream		Curd		Yoghurt				Cheese

										Colombo		3		3		2		1		0				0

										Gampaha		12		1		0		0		0				0

										Anuradapura		8		1		4		1		0				0

										Polonnaruwa		4		0		0		0		0				0

										Galle		2		4		0		1		0				1

										Hambantota		4		0		1		4		1				1

										Kandy		12		1		3		1		2				0

												Colombo		Gampaha		Anuradapura		Polonnaruwa		Galle				Hambantota				Kandy

										Raw milk		3		12		8		4		2				4				12

										Pasteurized milk		3		1		1		0		4				0				1

										Ice cream		2		0		4		0		0				1				3

										Curd		1		0		1		0		1				4				1

										Yoghurt		0		0		0		0		0				1				2

										Cheese		0		0		0		0		1				1				0





		



1/2b=lin I

1/2a=linII

Food Type

Serotype

Food Type verses serotypes



		



Raw milk

Pasteurized milk

Ice cream

Curd

Yoghurt

Cheese

District

No. of Samples

No. of Listeria samples detected by PCR at district level



		





40

35

30
25

20

15

10

Raw milk

Milk
packet

Ice cream

Curd

Cheese

Yogurt

m1/2b
m1/2a








_1448572298.xls
Chart3

		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk

		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk

		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream

		Curd		Curd		Curd		Curd		Curd

		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt

		Cheese		Cheese		Cheese		Cheese		Cheese



1/2b=lin I

1/2a=linII

1/2c=lin II

Dairy Type

No. of Samples

1

36

4

2

3

1

0

5

2

0

3

0

0

0

1

0

1

1



Chart1

		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk

						0				3		5		4		2		0		0		0

		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk

						0				2		1		0		0		0		0		0

		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream		Ice cream

						0				2		0		0		0		0		1		0

		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd

						0				1		0		0		0		0		0		0

		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt		Yoghurt

						0				0		0		0		0		0		0		0

		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese

						0				0		0		0		0		1		0		0



Food

type

Colombo

Gampaha

Anuradapura

Polonnaruwa

Galle

Hambantota

Kandy

Food Types

Comparision of Culture & PCR

0

0

3

12

8

4

2

4

12

0

3

1

1

0

4

0

1

0

0

2

0

4

0

0

1

3

0

0

1

0

1

0

1

4

1

0

0

0

0

0

0

0

1

2

0

0

1

0

1

0

1

1

0



Chart2

		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food		Areas
             type
       Food

		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk		Raw milk

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk		Pasteurized milk

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice		Ice

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd		Curd

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese		Cheese

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt		Yogurt

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII

		Total		Total		Total		Total		Total		Total		Total		Total		Total		Total

		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I		1/2b=lin I

		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII		1/2a=linII
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Sheet1

				Raw milk				Pasteurized milk				Ice cream				Curd				Yoghurt				Cheese				Total

		Food

		type

				Raw milk				Pasteurized milk				Ice cream				Curd				Yoghurt				Cheese				Total

		Food

		type

				PCR		Culture +ve		PCR+ve		Culture +ve		PCR		Culture +ve		PCR		Culture +ve		PCR		Cult-ure ve		PCR		Cult-ure+ve		PCR		Cult-ure+ve

				+ve								+ve				+ve				+ve				+ve				+ve

		Colombo		3		3		3		2		2		2		1		1		0		0		1		0		10		9

		Gampaha		12		5		1		1		0		0		0		0		0		0		0		0		13		6

		Anuradapura		8		4		1		0		4		0		1		0		0		0		1		0		21		4

		Polonnaruwa		4		2		0		0		0		0		0		0		0		0		0		0		4		2

		Galle		2		0		4		0		0		0		1		0		0		0		1		1		8		1

		Hambantota		4		0		0		0		1		1		4		0		1		0		1		0		11		1

		Kandy		12		0		1		0		3		0		1		0		2		0		0		0		17		0

		Total		45		14		10		3		10		3		8		1		4		0		4		1		80		22

		Food		Raw milk						Pasteurized milk						Ice						Curd						Cheese						Yogurt						Total

		type

		Areas

						1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII				1/2b=lin I		1/2a=linII

		Colombo				1		1				1		1				0		1				0		1				0		0				0		0				2		4

		Gampaha				0		11				0		0				0		0				0		0				0		0				0		0				0		11

		Anuradapura				0		7				0		0				0		1				0		0				0		0				0		0				0		8

		Polonnaruwa				0		4				0		0				0		0				0		0				0		0				0		0				0		4

		Galle				0		2				1		1				0		0				0		1				0		0				0		0				1		4

		Hambantota				0		4				0		0				0		1				0		1				0		1				0		0				0		7

		Kandy				0		7				0		1				0		2				0		0				0		0				0		0				0		10

		Total				1		36				2		3				0		5				0		3				0		1				0		0				3		48

		District		1/2b=lin I		1/2b=linI1		1/2a=linII

		Colombo		2		2		4

		Gampaha		0		0		11

		Anuradapura		0		0		8

		Polonnaruwa		0		0		4												2		4

		Galle		1		1		4												0		11

		Hambantota		0		0		7												0		8

		Kandy		0		0		10												0		4

						3		48												1		4

																				0		7

																				0		10

																				3		48
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		Food														Ice						Curd						Cheese

		type

		Areas

				1						2		0				0						0						0

				36						3		5				3						1						0

		Food Type		1/2b=lin I						1/2a=linII		1/2c=lin II

		Raw milk		1						36		4

		Pasteurized milk		2						3		1

		Ice cream		0						5		2

		Curd		0						3		0

		Yoghurt		0						0		1

		Cheese		0						1		1
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Polio gel 1
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Polio gel 2
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Polio gel 3


[image: image3.png]WA W

-am







