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Abstract The aim of this research was to preliminary track

fecal source male-specific F?RNA coliphages including

human and animals in lettuce. At first, two published virus

extraction procedures of ultracentrifugation and PEG pre-

cipitation were compared using DAL assay for determining

the recovery efficiency in lettuce spiked artificially with

three concentrations (102, 104, 106 pfu/100 ml) of MS2

coliphage. The results showed that PEG precipitation had

the highest recovery in which the recovery efficiency at the

spiked level of 106 pfu/100 ml was 16.63 %. Aqueous

phase obtained from the final step of PEG method was

applied for enumeration of coliphage and viral RNA

extraction in naturally contaminated lettuce samples

(N = 30) collected from two sources (market and farm).

The samples were then analyzed based on (I, II, III, and IV

primer sets) using RT-PCR method. Coliphages were

detected in 9 (60 %) and 12 (80 %) out of 15 market and

farm samples, respectively, using DAL assay, whereas

male-specific F?RNA coliphages were detected using the

RT-PCR method in 9 (60 %) and 13 (86.6 %) out of 15

samples of market and farm, respectively. Based on the

results, only genotype I of male-specific F?RNA col-

iphages was detected in lettuce samples and no sample

tested was positive for other genotypes (II, III, and IV).

Keywords Microbial source tracking � Lettuce � PEG
precipitation � Ultracentrifugation � Male-specific F?RNA

coliphage � Recovery efficiency

Introduction

Soft fruits and vegetables consumed raw are sources of a

fairly large and growing number of viral infections in

various countries (Seymour and Appleton 2001). Raw

fruits and vegetables have been known as human disease

carriers for at least a century. These products can be con-

taminated with microorganisms capable of causing food-

borne outbreaks, while still on the plants in the farm or

orchards, or during harvesting, transporting, processing,

distribution, marketing, or at home. Pollution can occur

through contact with human/animal feces, untreated irri-

gation water, surface water, or by coming into contact with

the hands of people such as in food preparation places,

through street vendors, food service institutions, or at home

(Cliver 1997).

Few studies have been carried out for the presence of

viruses or parasites on the surface of raw fruits and veg-

etables, largely because of the lack of sensitive methods in

the plant material (Hedberg and MacDonald 1994). Vari-

ous studies have dealt with the development of standard-

ized methods for the detection of enteric viruses in food

(Le Guyader et al. 2004b). However, a single, detailed, and

internationally validated protocol may not be suitable for

all fruits and vegetables. Various modifications of a basic

protocol for groups of fruits and vegetables are thought to

be needed to take account of the differences in the mor-

phology and hydrophobic interactions of fruit and veg-

etable surfaces, differences in tissue compositions, and the

processing conditions to which the produce was subjected
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to before they were sampled. On the other hand, human

enteric viruses responsible for gastroenteritis and hepatitis

following shellfish, poultry, and salad vegetable consump-

tion cannot be cultured by conventional techniques.

Although molecular techniques for detection of NLVs and

hepatitis virus are now available, these methods are cur-

rently too expensive and time-consuming for routine

screening of different food stuffs (Koopmans 2004).

Detection and tracking of microbial fecal contamination

affecting the beasts, is one of the major challenges in

environmental microbiology. An effort to identify sources

of fecal pollution (human and animal feces) is defined as

microbial source tracking that has been developed during

the last 12 years (Feachem 1975; Kasper et al. 1990). One

of the major advantages of the microbial source tracking is

that by recognizing the origin of the contamination, the

contamination could be controlled better. Typically, the

selection of a valid microbial indicator is one of the most

important parts of the MST technique (Yan et al. 2007).

Common indicator microorganisms that are used as indi-

cator for MST in laboratory include fecal coliforms (En-

terobacteriaceae family), enterococci species for bacterial

fecal contamination, somatic bacteriophages, male-specific

F?RNA coliphage, and bacteroides fragilis phages as an

indicator or model for enteric viruses (Berger and Oshiro

2002; Leclerc et al. 2000). The F-specific RNA bacterio-

phages (F?RNA bacteriophages) are a group of single-

stranded RNA viruses with simple cubic capsids that are

24–27 nm in diameter. The genomic and physical proper-

ties of these phages are similar to that of NLVs and hep-

atitis A virus. The slow elimination kinetics of F?RNA

bacteriophages appears to be representative of the elimi-

nation kinetics of human enteric viruses (Doré et al. 2000).

The abundance of these phages in sewage and the ease of

working in the laboratory, being low cost, and low risk to

human health make them attractive indicators of viral

contamination in the environment (Havelaar and Hoge-

boom 1984; Grabow 1998, 2004; Jofre et al. 2011; Mes-

quita and Emelko 2012). Based on serological and

phylogenetic analyses, this group of phages has been

divided into four different genotypes. The genotypes II, III,

and I, IV are associated with human feces and animal feces,

respectively. Therefore, one of the valuable functions of

F?RNA coliphages is to discriminate human from non-

human fecal contamination in microbial source tracking

studies that can be carried out by serotyping or genotyping

of F?RNA coliphage isolates (Furuse et al. 1981; Hsu et al.

1995).

The presence of F?RNA coliphages has been reported

not only in polluted water but also in different food stuffs

such as shellfish, poultry, vegetable, and lettuce (Hsu et al.

2002; Endley et al. 2003; Williams 2005; Kirs and Smith

2007; Wolf et al. 2008). Nowadays, for applying MST

most researchers pay attention to the F?RNA phages. The

aim of this study was to apply a simple, novel, and cost-

effective method for enumeration and detection of geno-

types of F?RNA coliphages using a molecular technique

(RT-PCR) to preliminarily identify sources of fecal pollu-

tion in naturally contaminated lettuce samples obtained

from farm and market.

Materials and Methods

Sample Collection

30 lettuce samples were collected from three suspected

farms (15 samples) and markets (15 samples) located in the

city of Mashhad, North East of Iran, from April to July

2013 (spring to summer). All collected samples were stored

in sterile plastic packages at 4 �C and analyzed within

24 h.

Spiking of Lettuce Samples

MS2 coliphage (ATCC 15597-B1) was selected as surro-

gate for male-specific F?RNA coliphages to analyze phage

recovery. Titration of MS2 stocks was performed using

double agar layer (DAL) method (US EPA 2001). The

stock was diluted in phosphate-buffered solution (pH 7.2)

to achieve the following concentrations: 106, 104, 102 pfu/

ml. Coliphage preparation containing 106, 104, 102 pfu/ml

in 100 ll was distributed on 20 spots on the surface of

three mixtures of lettuce samples. Each sample was placed

in a polypropylene filter bag (Interscience, France) and the

samples were kept under a laminar hood at room temper-

ature until the spots dried. Uninoculated lettuce sample was

used as a negative control in each test.

Evaluation of Extraction and Concentration

Methods for Phage Recovery

Polyethylene Glycol Precipitation

The methods described by Butot et al. (2007), Dubois et al.

(2002), and Scherer et al. (2010) were combined with some

modifications for PEG precipitation method. The steps of

this method are in detail in Fig. 1. Briefly, 10 g of lettuce

samples were weighed and rinsed with 40 ml of TGBE

elution buffer (Tris–HCL 100 mM, glycine 50 mM, 1 %

beef extract, pH 9/5) in a plastic bag for 1 h on a rotary

shaker (200 rpm) at room temperature. The rinse fluid was

removed via bag filtration and centrifuged at 10,0009g for

30 min at 4 �C to sediment residual food particles.

Supernatant was transferred to a clean container and the

pH was adjusted to 7.2 ± 0.2 by the addition of 5 N HCl.
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The neutralized fluid was supplemented with 0.25 volumes

of a 50 % polyethylene glycol 8000 (PEG; Sigma-Aldrich,

Germany) solution in 1.5 M NaCl and incubated for 4 h at

4 �C. Phages were then concentrated by centrifugation at

10,0009g for 15 min at 4 �C. Supernatant was discarded

and pellet was dissolved in 500 ll of phosphate buffer

(PBS). The final solution was used for enumeration of

infectious male-specific phages by plaque assay (DAL).

Each experiment was performed in triplicate and each

series of experiments included a negative control

(uninoculated lettuce samples) and positive control (viral

suspensions) [modified method of Butot et al. (2007);

Dubois et al. (2002); Scherer et al. (2010)].

Ultracentrifugation Method

The methods described by Rzezutka et al. (2005) and

Summa et al. (2012) were combined with some modifica-

tions for ultracentrifugation method. The steps of this

method are in detail in Fig. 1. Briefly, 10 g of lettuce

samples was weighed and rinsed with 40 ml of elution

buffer 1 M NaHCO3 with 1 % soy protein powder (90 %

soy protein), 500 ll of Catfloc T (Calgon Corp., USA),

which was diluted to 34.5 % solution in Tris–glycine

(100 mM Tris, 50 mM glycine) and the buffer was added to

each sample. Ultracentrifugation (Sigma 3K30) was per-

formed in 45 ml centrifuge tubes at 40,0009g for 4 h. The

pellet was resuspended in PBS after the supernatant was

decanted. Each experiment was performed in triplicate and

each series of experiments included a negative control

(uninoculated lettuce samples) and a positive control (viral

suspensions) (modified method of Summa et al. 2012;

Rzezutka et al. 2005).

Enumeration of Male-Specific Coliphages

Suspension made from the two aforementioned extraction

and concentration protocols was assayed for coliphage

enumeration by double agar layer (DAL) technique (US

EPA 2001). Escherichia coli Famp (ATCC 700891) was

used as host bacteria for male-specific coliphages. Briefly,

in this technique, 500 ll of extracted and concentrated

suspension followed by 100 ll host suspension were added

to 5 ml TSA (Tryptic Soy Agar) containing 0.7 % agar and

50 ll antibiotic (ampicillin and streptomycin) as top agar

layer then poured onto bottom TSA plate. Each sample was

analyzed in duplicate. Also, each inoculation experiment

was tested in triplicate. The plates were incubated at 37 �C
overnight, and after that, clear zones (plaques) were

counted. Positive and negative controls were included in

each assay. The numbers of plaques per plate were recor-

ded to determine the percentage of coliphage recovery for

each method used to extract and concentrate the coliphages

and choose the best one for blind samples. For blind lettuce

samples collected from various farms and markets, the

DAL assay was carried out and plaques were also counted.

Then, plaques were dissolved in 5 ml of sterilized PBS (pH

7.4) that poured on the surface of culture plates for 60 min

and after filtration (pore size 0.2 lm), the solution was

stored at 4 �C.

Statistical Analysis

Results were reported as the average of three replications;

all treatments were evaluated in three batches. Statistical

analysis was performed to calculate the differences

between the two virus detection methods regarding the

different inoculation concentrations. Statistical tests were

conducted using the Mstat C Software. Duncan’s tests were

used to study the statistical differences of the means with

95 % confidence.

Coliphage Enrichment

The phage solution which was prepared in the previous

step was enriched to obtain better phage identification in

the molecular technique. The phage solution was

10 g of contaminated le�uce sample 

Ultracentrifuga�on PEG-precipita�on 

Elu�on with 1 M 
NaHCO3 with 1 % soy 
protein 40 ml  

Elu�on with TGBE (pH 
9.5)40 ml in a plas�c 
bag  

Shaking at room 
temperature for 1h  

Shaking at room 
temperature for 1h  

Centrifuga�on of elu�on 
buffer at 6 000 x g for 2 
min 

Centrifuga�on of elu�on 
buffer at 10 000 x g for 
15 min  

Supernatant then 
transferred to a clean 
tube 

pH of supernatant 
adjusted to 7.2  

Adding of Ca�loc T 
500 μl centrifuga�on 
at 28 000 x g for 30 
min 

PEG precipita�on, 
incuba�on at 4 ºC for 
4 h  

Ultracentrifuga�on 
of supernatant at 
40000 x g for 4 h 

Centrifuga�on at 
10000 x g for 30 min 

Resuspend pellet in 
500 μl of PBS  Resuspend pellet in 

500 μl of PBS for RNA 
extrac�on and DAL 

Centrifuga�on at 
10000 x g for 15 min  

Water phase for RNA 
extrac�on and DAL 
procedure 

Fig. 1 Flowchart for recovery, concentration, and detection of

F?RNA coliphages in lettuce samples
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centrifuged at 80009g, for 10 min and the clarified

supernatant passed through a 0.22 lm filter to remove any

endogenous bacteria. Then, 1 ml of filtered sample was

added to 4 ml of sterile broth medium (TSB) in a sterilized

tube, inoculated with 100 ll of a fresh overnight host

culture (E. coli Famp). Enrichment culture was incubated

at 37 �C overnight and then stored at 4 �C until genotyped

(Center for Phage Technology Texas 2011).

RNA Extraction

A heat-release procedure was applied for coliphage RNA

extraction. At first, 10 ll of the final solution was heated in

50 ll capacity microtubes for 5 min at 98 �C and then

chilled on ice for 2 min (Schwab et al. 1997; Vinjé et al.

2004). Aliquots of 5 ll were immediately placed into RT-

PCR mixture. Isolated viral RNA from representative

coliphage strains was used as a positive control of male-

specific coliphages RNA.

Primers

Primers are depicted in Table 1 (Dryden et al. 2006). All

primers are from Macrogen Company (Macrogen, Korea)

and were used in RT-PCR for detection of four groups of

F?RNA coliphages.

RT-PCR

Extracted RNA was transcribed into cDNA via RT kit

(Fermentas, Germany) in two steps according to the man-

ufacturer’s instruction: 5 ll RT Dilution Buffer, 5 ll
extracted RNA, and 1 ll of a 10 PM reverse primer were

used for reverse transcription. RT conditions were as fol-

lows: 45 �C for 60 min 80 �C for 10 min.

To each 25 ll reaction volume there were 1 ll of syn-
thesized cDNA, 0.5 ll of a 10 PM forward, 0.5 ll of a 10

PM reverse primer, and 10.5 ll of RNase-free sterilized

water that were added to 12.5 ll of Master mix red solution

containing PCR reaction buffer, MgCl2, dNTP, and DNA

polymerase (Taq) enzyme.

The PCR reaction was performed using the Thermo-

cycler device (Sensequest, Germany) with these condi-

tions: 95 �C for 15 min followed by 40 cycles of 95 �C for

1 min, 55 �C for 1 min, and 72 �C for 1 min with a final

extension of 72 �C for 10 min. Amplicons were separated

by gel electrophoresis in 2 % agarose, stained with DNA

green viewer and visualized under UV light (Geldoc,

Sony, Japan). For each reaction, a positive (specified

template RT-PCR for F?RNA coliphages) and negative

control (no template RT-PCR) was prepared. To avoid

contamination, PCR master mixes, amplification, elec-

trophoresis, and template and/or viral preparations were

conducted in separate rooms. Sequencing of PCR products

was carried out by Macrogen Company (Macrogen,

Korea).

Results

Comparing of MS2 Coliphage Recovery Efficiency

(PEG Precipitation Method Vs Ultracentrifugation

Method)

To compare the MS2 coliphage recovery efficiency, three

spiking levels (102, 104, 106 pfu/ml) were used for each

method and recoveries were carried out using plaque assay.

Results showed that both methods were capable of MS2

coliphage recovery at three spiking levels (102, 104,

106 pfu/ml). Two spiked concentrations of 104 and 106 pfu/

ml were consistently identified in both methods in tripli-

cate. The concentration of 102 pfu/ml was identified in just

one sample using the ultracentrifugation method and two

samples in PEG precipitation method (Table 2).

Also, a statistically significant difference was found

between two methods in two spiked concentrations (104

Table 1 Sequence of designed primers for F?RNA coliphages

Coliphage Primer Sequence Temperature (�C) Amplicon (bp) Source

MS2 1F

1R

50-AATCTTCGTAAAACGTTCGTGTC-30

50-GAGCCGTACCCACACCTTATAG-30
53.7

56.8

204 Group I (non-human)

GA 6F

6R

50-CGTACTTAGCGGTATACTCAAGACC-30

50-GTTTCCTGCATATAAGCATACCA-30
56.3

52.9

240 Group II (human)

Qbeta 3F

3R

50-CTACTGCTGGTAATCTCTGGC-30

50-CAACRCCGTTRGTGGGATTTAC-30
62.2

61.3

795 Group II (human)

SP 2F

2R

50-TTAAACTAATTGGCGAGTCTGTACC-30

50-AACAGTGACTGCTTTATTTGAAGTG-30
54.9

54.1

236 Group IV (non-human)

106 Food Environ Virol (2017) 9:103–113

123



and 106 pfu/ml) with 95 % confidence (Table 3). The PEG

precipitation method showed higher average recovery rates

of 0.83 for 102 pfu/ml, 15.02 for 104 pfu/ml, and 16.63 for

106 pfu/ml than the ultracentrifugation method for all the

three spiked concentrations (Table 3). Therefore PEG

precipitation method was chosen for evaluating lettuce

samples.

Enumeration of Male-Specific Coliphages Using

PEG Precipitation Method by DAL Procedure

from the Surface of Naturally Contaminated Lettuce

Samples

The enumeration of male-specific coliphages by plaque

assay in three regions of farm and market is shown in

Table 4 separately. Among thirty lettuce samples collected

from different farms and markets only 21 samples (9 out of

15 from farm and 12 out of 15 from market) were positive

for male-specific coliphages (Table 4). Concentration of

coliphage was\50 pfu/10 g and\200 pfu/10 g in 33 and

40 % of farm and market samples, respectively. A statis-

tically significant difference was found in enumeration of

coliphages in market samples than farm (Fig. 2). The

highest enumeration of coliphages was in market 3 whereas

it was the lowest in market 1. Also, a statistically signifi-

cant difference was found between market 3 and another

sample collection site, whereas no statistically significant

difference was observed between samples of different sites

from farm (Fig. 3).

Table 2 Detection of MS2

coliphage from lettuce samples

spiked with three levels of MS2

using two virus recovery

methods

Spiking level (pfu/ml) No. of MS2-positive results/No. of samples tested

PEG precipitation Ultracentrifugation

102 2/3 2/3

104 3/3 3/3

106 3/3 3/3

Table 3 Comparison of MS2

coliphage recovery efficiency

from spiked lettuce with the

PEG precipitation and

ultracentrifugation method

Method Spiking level (pfu/ml) Recovery (pfu/g) Recovery efficiency (%)

PEG precipitation 102 0.83 0.83b

104 1.52 9 103 15.02a

106 1.663 9 105 16.63a

Ultracentrifugation 102 0.5 0.5b

104 3.34 9 102 3.34c

106 4.3 9 104 4.3c

Numbers with the same letters have not significant difference statistically by Duncan’s test at (P\ 5 %)

Fig. 2 Comparison of MS2 coliphage recovery efficiency from

spiked lettuce with the PEG precipitation and ultracentrifugation

method

Table 4 MS2 coliphage

recovery (pfu/10gr) from

naturally contaminated lettuce

in the farm and market

Location

Farm Market

1 2 3 1 2 3

Enumeration of coliphage (pfu/10gr) 35 67 49 0 137 301

50 0 51 99 87 179

0 9 31 107 0 341

0 0 39 101 236 205

56 0 0 0 258 225
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Prevalence of Different Genotypes of F1RNA

Coliphages in Farm and Market Samples

Using molecular method (RT-PCR) F?RNA coliphages

were detected at 9 and 13 out of 15 lettuce samples col-

lected from farm and market, respectively (Table 5).

Among market and farm samples, based on the primer sets

used in this study, only group I was detected and the other

three groups of II, III, and IV were not identified (Fig. 4).

This finding revealed that animal feces probably are the

biggest source of pollution in these areas. The sequencing

results and comparison of RT-PCR amplicons with NCBI

database demonstrated the presence of group I of F?RNA

coliphage (Table 6).

Discussion

Raw fruits and vegetables have been known to carry human

diseases for at least a century. These products can be

contaminated with food-borne pathogens in the farm or

orchards, or during harvesting, transporting, processing,

distribution, marketing, or at home (Cliver 1997).

Several strategies have been proposed for extraction,

concentration, and detection of viruses in foods (Dubois et al.

2002; Sair et al. 2002; Dubois et al. 2002; Butot et al. 2007;

Croci et al. 2008; Stals et al. 2012). Virus concentration

methods have to be in accordance with the used eluent and

the type of food stuff which is analyzed (Albertsson 1960). In

the current study, the optimizedmethod of PEG precipitation

was used for washing the surface of naturally contaminated

lettuce samples (without inoculation). However, the most

* Similar letters indicate no significant difference at (P < 5%)

0

50

100

150

200

250

300

1 2 3

To
ta

l c
ou

nt

Enumeration Of Coliphage (pfu/10gr)

Farm

Market

b 

bc

cd

d 
d 

a 

Fig. 3 Frequency distribution of presence of F?RNA coliphage

genotype I in the farm and market lettuce samples

Table 5 Number of F?RNA coliphages positive samples (DAL and RT-PCR method)

Sampling sites No. of samples tested No. of positive samples

DAL assay RT-PCR

Genotype I Genotype II Genotype III Genotype IV

Farm

1 5 3 (60 %) 4 (80 %) 0 0 0

2 5 2 (40 %) 1 (25 %) 0 0 0

3 5 4 (80 %) 3 (60 %) 0 0 0

Market

1 5 3 (60 %) 5 (100 %) 0 0 0

2 5 4 (80 %) 3 (60 %) 0 0 0

3 5 5 (100 %) 5 (100 %) 0 0 0

Fig. 4 RT-PCR products of F?RNA coliphages (lettuce samples).

Lane 1 50 bp DNA ladder, lane 2–4 F?RNA coliphage genotype I,

lane 5–6 F?RNA coliphage genotype II, lane 7–9 F?RNA coliphage

genotype IV, lane 10 cDNA negative control, lane 11 primer negative

control
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available in vitro studies have been done based on seeding

experiments, only few methods have been applied success-

fully to detect viruses in some naturally contaminated foods

such as shellfish and sediment from open harvesting (Le

Guyader et al. 2005; Williams 2005).

One of the major advantages of microbial source

tracking is recognizing the origin of contamination.

Recently, in most studies carried out on viruses and

fecal pollutions, F?RNA coliphages have been proposed as

a useful indicator and tracer (Sobsey et al. 2006; Yavar-

manesh et al. 2010). These coliphages are not pathogenic

for human, but they contaminate natural enteric bacteria in

the mammalian’s tracts and they are excreted in feces

(Debartolomeis and Cabelli 1991).

In this study, we also focused on F?RNA coliphages as

a tracer to preliminarily identify the type of fecal con-

tamination in lettuce. Firstly, in order to select an optimal

method for virus detection in lettuce, two current virus

extraction and concentration methods of ultracentrifugation

and PEG precipitation, which are proposed recently, (Baert

et al. 2008; Butot et al. 2007; Kim et al. 2008; Le Guyader

et al. 2004b) were used and compared. Some studies have

reported that the mean number of coliphage in the plants

that were treated by sewage is 105 pfu/100 ml (Debar-

tolomeis and Cabelli 1991). Thus, in this study, coliphage

preparations for contamination were done in the range of

105, containing 106, 104, and 102 pfu/ml. A significant

difference was observed between ultracentrifugation and

PEG precipitation methods in two spiked solutions (104

and 106 pfu/ml) in which PEG precipitation method had

higher efficiency than ultracentrifugation.

Recovery efficiency obtained by ultracentrifugation

method in this study was similar to that of previous studies

(Rzezutka et al. 2005, Rutjes et al. 2006). Rutjes et al.

(2006) and Rzezutka et al. (2005) which reported that

recovery efficiency of spiked norovirus on lettuce and soft

fruits of raspberries and strawberries were 10 and

2.5–25 %, respectively.

Rzezutka et al. (2005) used washing buffer containing

soy protein with sodium bicarbonate (alkaline solution) in

order to facilitate desorption of virus particles from the

surface of vegetables at the ultracentrifugation method. In

this method, the pellet of viruses was formed in

100,0009g for 20 min (Rzezutka et al. 2005). Since this

method requires expensive equipment, in this study, low

speed with a longer time was used (50,0009g 3 h) similar to

Summa et al. (2012) and the results obtained were similar to

high speed. Some coliphages are discarded during decant-

ing of supernatant in ultracentrifugation method, because of

the forming of an often invisible pellet of viruses, therefore

the difference at the recovery efficiencies between the

replicates may occur at the final step (Summa et al. 2012).

In this study, PEG precipitation method did not show a

significant difference in recovery efficiency of two spiking

levels (106, 104 pfu/ml) (Table 3). In general, higher

recovery efficiency was obtained at the spiking level of

106 pfu/ml (16.6 % 10 g) by PEG precipitation method.

The recovery efficiency obtained by PEG precipitation

method in this study was in line with the results of previous

investigations (Dubois et al. 2002; Scherer et al. 2010;

Sánchez et al. 2012; Summa et al. 2012). For example, in

other studies Scherer et al. (2010) and Shahrampour (2014)

reported that recovery efficiency of MS2 coliphage from

spiked lettuce and leek and parsley samples was 6–10 and

12 %, respectively. Also, according to standard deviations

in replicates and the frequency of negative results, the best

repeatability and applicability method for all food matrices

(lettuce) was obtained with PEG precipitation (Summa

et al. 2012). Therefore, PEG precipitation method was

applied for recovery of coliphages from the surface of

naturally contaminated lettuce samples.

The higher MS2 coliphage recovery was obtained by the

elution of the fruit or vegetable surface with a basic buffer

TGBE (pH 9.5–7.4) supplemented with a salt (Tris–HCL),

glycine amino acid, and 3 % beef extract protein, that is

appropriate for a wide range of vegetables. Elution buffer

in PEG precipitation method breaks electrostatic and

hydrophobic interactions between the surfaces of vegeta-

bles and viruses (Dubois et al. 2002). Tris in this elution

buffer prevents pH reduction, whereas glycine and beef

extract were used to facilitate removal of coliphage parti-

cles from lettuce surfaces.

Similar buffers such as Tris–Glycine (pH 9.5) and beef

extract have been noted for washing solution in lettuce and

Table 6 F?RNA coliphage genotype I characteristics identified in the lettuce samples

Characteristics Identification percentage Accession number

MS2 enterobacteriophage 100 GQ153927.1

Mutant Enterobacteriophage MS2 96 GQ153925.1

Enterobacteriophage MS2 clone pSMART_3528 A protein 96 GQ456167.1

Enterobacteriophage MS2 clone L3.G70.11 assembly protein (MS2g1) 96 FJ799708.1

Bacteriophage FR RNA genome 100 X15031.1

Bacteriophage for maturation and coat protein genes 100 M31635.1
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herbs in earlier researches, respectively (Dubois et al.

2002; Bahreyni 2011). Moreover, the reduction of pH to

the neutral condition causes the settling of the viral parti-

cles to reduce due to the nature of phage capsid proteins

and their isoelectric point (Sobsey and Meschke 2003).

Therefore, reducing of pH helps precipitate coliphage and,

adding NaCl to the PEG solution causes the amount of

coliphage recovery to increase (Bidawid et al. 2000).

In this study, some modifications were applied such as

the elimination of pectinase for preventing gel formation at

fruits because of samples having hard surface (lettuce).

Moreover, in some other studies, chloroform–butanol was

used for increasing transparency after adding PEG,

decreasing the obtained sedimentation viscosity, prevent-

ing microtubes column saturation during RNA extraction,

and eliminating PCR inhibitors. But, using chloroform–

butanol, because of destruction of viral particles may cause

some problems in enumerating spiked coliphage for cal-

culating recovery efficiency and also enumerating of col-

iphage in naturally contaminated samples. Therefore,

chloroform–butanol treatment is removed from the

protocol.

The time of incubation after addition of PEG ranges

from 4 h to overnight. There is no significant difference

between the overnight and 4 h according to Kruskal–

Wallis non-parametric comparison test (Kim et al. 2008).

Also, there is a relation between the shape of viruses and

the PEG concentration in which higher concentration of

PEG between 7.5 and 30 % is needed to precipitate small

spherical viruses (e.g., FRNA coliphages) in comparison

with the rod-shaped ones (Yamamoto et al. 1970; Vajda

1978).

Factors that may contribute in increasing diseases

associated with fruits and vegetables include the use of

wastewater and incompatible composted manures to soils,

changes in packaging technology, extended time between

harvesting and consumption, and modifying food con-

sumption patterns. Viruses may survive for weeks or even

months on vegetables, crops, or in soil that have been

irrigated or fertilized with sewage wastes (Larkin et al.

1978). Minimum dose to create enteric viruses infection in

human are 1–100 units (WHO 2008). Therefore, due to

low-dose enteric virus pathogenesis as well as the presence

of enteric viruses on food surfaces, the role of food prod-

ucts to carry enteric viruses is very important (Mbithi et al.

1992; D’Souza et al. 2006). The use of F?RNA coliphages

for evaluation of the hygiene of fresh food was reported

(Doré et al. 2000; Endley et al. 2003).

Negative results to enumerate coliphages can be related

to inadequate accuracy for recovery and culture methods in

this study. On the other hand, there is no infective risk in

33.3 % of samples which contained coliphage number

\10 pfu/10 g (infective dose of viruses is 10–100 virus

particles) Also, coliphage enumeration among farm sam-

ples is similar. It seems that sampling locations should be

the same. Since vegetables’ shelf life is short, after har-

vesting, vegetables should be sold quickly and not kept for

a long time in the stores. Thus, it seems that the farm can

be the main source of viral contamination in vegeta-

bles like lettuce.

Vegetables usually are kept cool to maintain their

freshness. This low temperature may play a role in virus

survival and transmission to humans. It was explained that

MS2 reduction in fresh produce (such as parsley, cabbage,

lettuce, etc.) was less than 1 log after 50 days storage at 4

and 8 �C (Dawson et al. 2005). Similar results were

reported for virus survival in vegetables (celery, spinach,

lettuce, and tomato) at 4 �C after irrigation with wastew-

ater (Ward and Irving 1987). On the other hand, the highest

numbers of F?RNA coliphages are detectable during cold

weather (Dryden et al. 2006). Therefore, the use of raw

vegetables like lettuce after even 1 week of treatment with

wastewater in farm may pose a high risk for consumers as

it is kept in cool conditions at homes. Also, the average of

environmental temperature in the city of Mashhad from

April to July was usually lower than 28 �C which is rela-

tively appropriate for human virus survival.

Detection and tracking of microbial fecal contamina-

tion in fresh products has created major challenges in

environmental microbiology. Also, detection of different

groups of F?RNA coliphages would be appropriate for

the control of virus contamination in food samples (Fea-

chem 1975; Kasper et al. 1990). For this purpose, F?RNA

coliphage subgroups in lettuce samples were identified in

this study. The presence of genotype I of F?RNA col-

iphages was proved among detected positive farm and

market samples. Irrigation with polluted water or using

improper fertilizers (hens and cows) and sewage as well

as the presence of animals like dogs and cats can be the

main source of animal fecal contamination in farm and

market lettuce samples. Also numerous viruses of human

or animal origin can spread in the environment and infect

the people via water and food, mostly through ingestion

and occasionally through skin contact; therefore, there is a

significant risk of contamination for workers in the mar-

kets. Viruses are transmitted via the fecal–oral route; so

workers with poor personal hygiene can transfer enteric

viruses or zoonotic viruses to foods or to work surfaces

from fingers contaminated with animal or human feces.

As a result, there is a possibility for the presence of group

I of F?RNA coliphage in the lettuce samples from the

market.

The absence of subgroup II and III in lettuce samples

probably indicated no pollution with human feces. There-

fore, there was no chance of pathogenicity with human

viruses in consumer.
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Some of the previous studies have mainly reported that

genotypes II, III, and I, IV have been isolated from human

feces and animal feces, respectively. While this specificity

can be changed, because genotype I of F?RNA coliphages

have also been isolated from human sewage (Griffin 2000;

Furuse et al. 1981). Also, the applicability of MST method

at different geographic locations such as Asia is not clearly

understood yet (Long et al. 2002). On the other hand,

analyzing based on nucleic acid sequence from specific

genes of F?RNA coliphages has not been done or too little

has been carried out so far (Yee et al. 2006). Also, a

comprehensive analysis based on nucleic acid sequencing

has not been applied for bacteriophages.

Conclusion

In the present study, only genotype I of F?RNA coliphage

by RT-PCR was detected from the surface of lettuce. The

nucleic acid sequencing managed to confirm lettuce con-

tamination with animal feces. The genotyping of F?RNA

coliphages by RT-PCR used in this study allowed charac-

terization and identification of different types of fecal

pollution in lettuce samples and introduced these col-

iphages as a valid biomarker in microbial source tracking

studies in food samples.
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