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Abstract

According latest EFSA’s food-borne outbreaks report, in 2013 viruses were identified as the
second most common causative agents group, after Salmonella. Noroviruses and hepatitis A virus are
fecal-oral transmitted pathogens that can circulate through food. The aim of this study was to compare
the matrix dependence on NoV GI/GII and HAV detection by qRT-PCR in spiked strawberries and
mussels by calculating therecoverypercentand practical limit of detection of this method. The study was
conducted on strawberries and edible mussels artificially spiked with NoV GI, NoV GII and HAV
lenticules at levels of 8, 40 and 80 genome copies(gc) per g of sample. The identification of each virus
type was performed according ISO 15216-2 by one-step reverse transcription qPCR prior to viral RNA
extraction by guanidine thiocyanate lysis and adsorbtion to silica. In mussels, viruses were recovered in
all three levels of contamination excepting HAV that was undetected at first level. A good precision
for all viruses’ detection (95% confidence level) appeared beginning with the second level of
contamination (10" ’ggc/sample). In strawberry samples, at first level of contamination (1 02'3gc/sample)
the PCR was negative for several samplesand the sensitivity was good beginning with level
10°gc/sample. The contamination level at 40 gc/g of sample on both matrices and all targets gave
reproducible results with 100% recovery and method precision under5%. The detection limit per
sample test unit is quite different forthe two types offoodmatrix (10° genome copies per 25g in
strawberry samples and 10" genome copies per 2g in mussel samples), whereas, per mass sample
unit, it seems to be almost the same (10"°gc/g). These results could be helpful to those who perform
analyses for viruses from different food matrices.

Keywords: NoV- norovirus, HAV- hepatitis A virus, detection limit- LOD, genome copies (cg)

1. Introduction

Several viruses like hepatitis A virus (HAV), noroviruses (NoV GI/GII), sapoviruses,
enteroviruses, astroviruses, adenoviruses, rotaviruses and hepatitis E virus can contaminate
food either through contamination at source (sewage pollution) or at any step during its
processing. In practice, most outbreaks of food origin in Europeand USA are caused by
norovirus and hepatitis A virus. According to the latestreport from the European Food Safety
Authority, in 2013 the largest number of food-borne outbreaks were caused by Salmonella
(22.5%), followed by viruses (18.1%), bacterial toxins (16.1%) and Campylobacter (8.0%)
[12]. However, in 28.9% of the outbreaks, the causative agentwas not identified. In the USA,
the 2013 report of the Centers for Disease Control and Prevention shows that the most common
pathogen involved in outbreaks offood-borne virus infections was, in first place, the norovirus
(35%) followed by Salmonella with 34% (CDC Report 2015). In 2013, ISO/TS 15216 was
issued by CEN (European Committee for Standardization) which stipulates the theoretical
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limit of detection to 10 genome copies per volume of RNA tested in the assay. Also ISO
specifiesa detection limit variation according to the test matrix and the quantity of starting
material, but no practical limit of detection is stated. The sensitivity of an assay is dependent
upon a number of factors, the presence of competitors and inhibitors been mostly regarded.In
this paper we aimed to determine, in our laboratory conditions, the practical limits of
detection (pLOD) of NoV GI, NoV GII and HAV by applying the ISO method with minor
modifications for two food matrices, strawberries and bivalve molluscs, after spiking with
reference materials that contains a certificated numbers of viral particles.

2. Materials and Methods

2.1. Sample preparation and viral strains spiking

For spiking we used NoV GI and GII, and hepatitis A virusstrains of human origin
reference materials in lenticule discs provided by Public Health England (PHE). A quantity of
2 g of bivalve molluscs (Mytilusedulis acquired from market were shucked and pooled in 2 g
sample test portions) and 25g of strawberries (Fragaria ananassa acquired from market) were
spiked altogether with the three target viruses at levels of 8, 40 and 80 genome copies per g of
each sample making dilutions from lenticule reference materials according geometric mean
values from the certificate of analysis provided by PHE. There were prepared 20 samples per
dilution. The interference background flora was the one naturally found in the selected matrix.
In the same time, each sample was spiked with 10 pl of Mengovirus cell culture suspension
(the MCO strain of Mengovirus described by Costafreda et al., 2006 and Pint6 et al., 2009),
for process control of losses of target virus.

Table 1. Viral strains for spiking samples

Concentration in food matrices HAV NoV GI NoV GlI

Initial concentration / lenticule 3.9x 10%gc 3.2x 10°gc 1.3x 10°gc

Final concentrations 200 gc/sample 200 gc/sample 200 gc/sample

in 25 g of strawberry 1000 ge/sample 1000 gc/sample 1000 gc/sample
2000 gc/sample 2000 gc/sample 2000 gc/sample

Final concentration 16 gc/sample 16 ge/sample 16 gc/sample

In 2 g of bivalve molluscs 80 gc/sample 80 gc/sample 80 gc/sample
160 gc/sample 160 gc/sample 160 gc/sample

2.2. Viral particles and RNA extraction

Regarding bivalve molluscs, the viral particles extraction from the digestive glands
tissue was achieved with proteinase K (30 U/mg, Sigma) and, in case of strawberry, by elution
with agitation in Tris-Glycine-Beef extract buffer (Oxoid) and pectinase from Aspergillus niger
(Sigma) followed by precipitation with PEG 8000 (Sigma) in 7.0 pH conditions (different
than ISO 15216 method which requires pH 9.5). All matrices share a common RNA
extraction method by virus capsid disruption with chaotropic reagents (guanidine thiocyanate)
followed by adsorption of RNA on silica magnetic particles (Biomeriuex NucliSENS-Boom
technology kit) according to the manufacturer’s instructions.

2.3. Primers, probes, real-time RT-PCR conditions and interpretation

The sequences of the primers and probes for the respective targets were taken from
ISO 15216-1:2013 and CEFAS Protocol (table 2). One step qRT-PCR mastermix, primers
and probes were purchased from Life Technologies. The final concentrations of reagents
in 25 pL reaction volumes were 0.5 pmol/uL of forward primer, 0.9 pmol/uL of reverse primer,
0.25 pmol/pL of probe, 1x Ultrasense reaction mix, RNA Ultrasense enzyme mix, 1x ROX
passive reference dye and 5 uLL of RNA extract.
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Table 2. The primers and probe sequences used for the identification
of Norovirus GI and GII, Hepatitis A and Mengoviruses

Virus type Primer name Primer sequence
Norovirus GI | QNIF4 (FW) 5'-CGC TGG ATG CGN TTC CAT-3'
NVILCR (REV) 5'-CCT TAG ACG CCA TCA TCA TTT AC-3'
TM9 (PROBE) 5’ FAM-TGG ACA GGA GAT CGC-MGBNFQ3’
Norovirus GII | QNIF2 (FW) 5'-ATG TTC AGR TGG ATG AGR TTC TCW GA-3'
COG2R (REV) 5'-TCG ACG CCA TCT TCA TTC ACA-3'
QNIFS (PROBE) 5’ FAM-AGC ACG TGG GAG GGC GAT CG-TAMRA 3’
Hepatitis A HAV68 (FW) 5'-TCA CCG CCG TTT GCC TAG-3'
virus HAV240 (REV) 5'-GGA GAG CCC TGG AAG AAA G-3'
HAV150(-) (PROBE) 5’ FAM-CCT GAA CCT GCA GGA ATT AA-MGBNFQ3’
Mengovirus Mengo 110 (FW) 5'-GCG GGT CCT GCC GAA AGT-3'
Mengo 209 (REV) 5'-GAA GTA ACA TAT AGA CAG ACG CAC AC-3'
Mengo 147 (PROBE) 5’ FAM-ATC ACA TTA CTG GCC GAA GC-MGBNFQ3’

Amplification was performed by using the Applied Biosystems SDS 7900 real-time
PCR machine with the cycling parameters described in table 3 (common for all targets).

Table 3. Amplification conditions

Step Time and temperature Number of cycles
RT 55°Cfor1h 1
Preheating 95°C for 5 min 1
Denaturation 95°Cfor 15 s
Amplification Annealing-extension 60°C for 1 min 45
g 65°C for 1 min

For the process validation, extraction efficiency was done with every batch tested by
using Mengovirus. Samples were retested if extraction PCR efficiencies were less than 1%.
Mengovirus recovery was obtained with formula = 1/10“*P9 x 100%) [2]. The cycle
threshold -Ct (the PCR cycle where fluorescence crosses baseline threshold) was determined
automatically using Applied SDS software.

2.4. Recovery and LOD

The analytical sensitivity of the method is defined as the concentration of target virus
that can be detected with a positivity rate of > 95% and acceptable precision (variation
coefficient of the Ct per dilution under 5%). The fraction or percentage of the replicates with
positive results when the test sample is conducted through the entire method is the recovery.
The detection limit (LOD) is consideredthe highest dilution level (thelowest amount of target
virus identified by PCR detection of genomic RNA) calculated as the minimum level of the
analyte that can be detected in at least 95% of replicate assays giving at least 95 positive
results from the 100assays [3]. For LOD evaluation we used contaminated food matrix
samples obtained by spiking virus-free homogenates with known amounts of purified virus
from lenticules within the range of the expected detection limit as in table 1. The method
detection limit (DLemod) is the lowest amount of biological target in a sample that can be
detected by the entire method (from processing through RT-qPCR).

3. Results and discussion

Preparing a standard curve for each gene which needs to be analyzed, it can provide
a good idea of the performance of the qPCR.For establishing the conditions of qRT-PCR
reaction with our laboratory instruments and reagents, a calibration curve based on RNA
extractions from lenticules with known concentrations of every of the three target viruses was
done.r (r squared or Pearson correlation coefficient) and the curve slope are two indicators for
describing the linearity and the efficiency of the real time PCR reactions. These indicators are
dependent on the assay, the master mix performance, the accuracy of pipetting and sample
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quality (template concentration and presence of inhibitory factors)[1]. Generally, efficiency
between 90 and 110% and linearity over 0.98are considered acceptable. We obtained #* values
over 0.980 andthe slope was between -3.10 and -3.60 (corresponding to amplification
efficiencies inside 90-110%). The values obtained are described in figures 1-5.
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Figure 1. qRT-PCR amplification plots.Run data analysis with ABI SDS 2.4
software for a set of samples and lenticulesshowing Ct’s between 19 and 31

The minimum detection limit for NoV GI, NoV GII and HAV from strawberries and
mussels was 40 genome copies/g. Because of the portion of tested sample, the limit of detection
per sample was different between the two matrices. In mussels, the concentrations of viral
copies of 10"? to 10** for GI, GII and HAV targets were detected in all replicates (less one
for GI at 10"”) and for 10'? in 13 of 20 replicates for GI, in 15 for HAV and only in 16
replicates for GII. In strawberry, all replicates were positive for GI, GII and HAV at
concentrations of 10*” and 10*?; for GII and HAV six replicates of 20 were negative at 10>
and for HAV only 13 of 20 were positive at the same dillution. The CV% of GI, GII and
HAYV exceeded the 5% threshold at 10> for strawberry and 10" for mussels (Table 4 and 5).
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Figure 4. Standard curve for NoV GI Table 4. Ct values in strawberries
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Table 4. Ct values in strawberries

Sample Type of virus
number Noro GI Noro GII HAV

107 160 |10 |10 |10 | 10°° |10 | 10° 103
1 38.34 | 36.71 | 35.32 | 39.05 | 35.23 | 34.25 | 38.99 | 37.21 | 35.68
2 4212 | 37.12 | 342 | 3851 | 35.12 | 3548 | - | 35.85 | 34.73
3 - 13579 | 34.58 | 37.12 | 36.88 | 35.64 | 39.56 | 36.43 | 36.33
4 4349 | 3541 | 35.12 | 39.17 | 37.29 | 34.95 | - | 37.14 | 36.49
5 3752 13719 | 36.41 | - | 36.48|35.83|37.29 | 37.21 | 36.25
6 39.41 | 36.55 | 34.84 | 37.36 | 36.71 | 36.24 | 41.32 | 36.86 | 35.41
7 - [ 3714|3476 | 42.12 | 37.11 | 35.78 | 38.26 | 36.15 | 34.74
8 441 | 3725 | 35.69 | 39.86 | 36.53 | 36.12 | 39.09 | 35.46 | 35.34
9 - 3587 (36.15] - [37283568| - |[3582]34.76
10 39.58 | 36.26 | 34.75 | - | 36.73 | 34.75 | 39.02 | 36.35 | 35.64
11 35.58 | 36.18 | 37.33] 35.92] 35.47 | 44.23 | 36.79 | 34.99
12 3822 [ 3752 | 36.22] - |3642] 36.11 - | 35.48] 35.47
13 4021 36.07] 34.93 | 38.66 | 36.71 | 35.53 | 37.56 | 37.66 | 36.86
14 - 137863574 - [3753[35890| - 3643|3482
15 38.61 | 35.64 | 35.61 | 37.62 | 35.92 | 36.12 | 40.23 | 37.49 | 36.19
16 - | 36.63]36.24 | 3941 | 3523 | 34.69 | - | 35.28 | 35.47
17 39.34 | 3575 | 35.65 | - | 37.49 | 35.46 | 39.12 | 37.71 | 36.45
18 4123 | 3524 | 36.24 | 40.55 | 36.61 | 3528 | - | 36.24 | 36.69
19 37.26 | 37.26 | 34.86 | 37.28 | 35.28 | 36.77 | 37.22 | 35.22 | 35.57
20 39.77 | 37.12 | 35.25 | 44.21 | 37.81 | 34.81 | 38.86 | 37.42 | 34.85
Mean 39.49 | 36.59 | 35.46 | 38.85 | 36.66 | 35.58 | 39.02 | 36.43 | 35.52
SD 210 | 0.78 | 0.66 | 2.03 | 0.82 | 0.61 | 1.87 | 0.81 | 0.70
Coefficient | 537 | 515 | 187 |524 [225 | 173 |480 |223 |1.98
of variation
Recovery % | 70 100 [ 100 |70 100 | 100 | 65 100 | 100

The calibration curves required for the determination of the extraction efficiency
(based on the addition ofMengovirusin every sample justbeforeextraction) wereachieved and
recorded for every set of samples tested. The extraction efficiency for every sample was
found to be over 1%, in accordance with the ISO protocol.

We intended to establish the practical limit of detection for the two different types of
matrices, a vegetal one — strawberries, and one of animal origin — mussels. Because of matrix,
extraction is easier and faster for mussels, while for vegetables the extraction is cumbersome

Romanian Biotechnological Letters, Vol. 22, No. 3, 2017 12581



OVIDIU SAVU, LAURENTIU CIUPESCU, RODICA TANASUICA, VERONICA CIUPESCU, CONSTANTIN SAVU

due to the concentration phase (polyethylene glycol followed by buffer resuspension) where many
viral particles may be lost. All qualitative assays should report presence or absence of viruses

Table 5. Ct values in mussels

Sample Type of virus
number Noro GI Noro GII HAV

107 1107 11072 1107 1 107 1077 1102 110 | 107
1 - 39.7 35.32 | 39.56 36.85 | 34.66| 37.23| 35.88 34.52
2 44.89 | 36.22 | 33.45 | 3821 | 36.72 | 35.15| 39.85 | 36.28 | 34.85
3 39.88 | 37.01 | 35.66 - 39.08 35.59 | 38.14 | 36.87 35.36
4 - 35.64 | 35.69 | 37.45 35.85 34.67 | 37.26 | 36.79 35.14
5 38.56 | 36.52 | 35.12 - 37.9 3529 | 38.67 | 3598 | 34.88
6 - - 3423 | 38.63 35.69 35.67 | 38.59 | 35.65 34.62
7 39.68 | 38.22 | 3458 | 3741 | 3589 | 34.28 - 36.19 | 34.59
8 37.19 | 36.59 | 35.62 | 44,23 36.85 35.64 | 39.94 | 35.79 35.34
9 - 37.67 | 35.41 | 37.79 37.04 34.23 | 38.15 | 35.78 35.29
10 37.98 | 36.91 | 34.67 | 38.29 | 36.86 | 3547 | 37.44 | 36.99 | 34.17
11 4345 | 3553 | 3544 | 42.11 35.86 34.12 - 35.76 34.55
12 - 40.22 | 35.82 | 39.44 37.02 35.22 | 38.56 | 35.69 35.29
13 37.28 | 3534 | 34.67 | 37.88 35.78 35.07 | 39.12 | 36.87 35.11
14 38.41 | 36.09 | 37.98 - 36.99 34.57 | 37.88 | 36.93 34.23
15 39.82 | 37.56 | 35.34 | 38.09 | 34.55 | 35.55 - 35.99 | 3541
16 41.89 | 37.08 | 35.67 | 41,23 35.84 35.26 | 37.24 | 3541 35.33
17 - 35.11 | 34.69 | 39.23 35.89 35.49 | 37.12 | 35.66 35.19
18 37.34 | 3499 | 35.26 | 38.11 37.04 34.99 - 36.76 35.24
19 4322 | 38.06 | 35.64 | 37.99 35.99 35.81 | 39.68 | 36.82 34.85
20 - 36.55 | 36.66 - 36.15 | 35.96 - 36.87 | 35.64
Mean 39.68 | 36.59 | 3535 | 38.16 | 36.435 35.24 | 38.15 | 36.09 | 35.125
SD 2.59 1.43 0.92 1.22 0.95 0.54 0.98 0.54 0.54
Cocfficient| (o4 1393 | 261 |319 |263 155 | 258 | 152 |1.56
of variation
Recovery % | 65 95 100 80 100 100 75 100 100

with reference to the limit of detection achieved in a certain laboratory. Formal validation
studies are planned to characterize the method according to the international requirements
[13]. The LOD is generally determined in one of two ways: (i) statistically, by calculating
the point at which a signal can be distinguished from thebackground, or (ii) empirically, by
testing serial dilutions of samples with a known concentration of the target substance in the
analytical range of the expected detection limit. Full validation of real-time PCR techniques
for pathogens detection in food must be done according to ISO 22118/2011. This includes
the following performance characteristics: selectivity, sensitivity, robustness, trueness, precision
and limit of detection (qualitative methods) and/or limit of quantification (quantitative
methods). For standardized qualitative methods like ISO 15216-2, the method validation report
into a certain laboratory should consider information about sensitivity and the necessary
LOD. The LOD of the method is the lowest quantity of the target that reliably can be detected
with a probability of > 95%. That means the LODis the minimum level of the analyte that can
be detected in at least 95% of replicate assays. But this performance parameter may be
drastically different between laboratories, so, regarding this issue, another term is commonly
used as “practical Limit of Detection” (pLOD) [4, 5]. The LOD for this method should be
arround 40 to 50 viral copies per g of sample (gc/g) for GI, GII and HAV, as others stated for
food matrix like mussels and strawberry [6, 9, 10]. The recovery of an analyte means the
fraction or percentage of this that is recovered when the test sample is conducted through
the entire assay. The best reference materials for determining recovery are analyte-certified
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reference materials (CRMs) distributed by national metrological laboratories, but, in most
cases, material certified by a commercial supplier can be accepted [7]. In our laboratory, in
mussels viruses were recovered in all three levels of contamination excepting HAV that was
undetected at first level. A good precision for all viruses’ detection (95% confidence level)
appeared beginning with the second level of contamination (10"’gc/sample). In strawberries,
at first level of contamination (10** gc/sample) the PCR was negative for several samples,
and the sensitivity was good beginning with level 10° gc/sample. The contamination level
at 40 gc/g of the sample on both matrices and all targets gave reproducible results with 100%
recovery and the method precision was under 5%.

4. Conclusions

Invirological PCRmethods, the sensitivity of the PCR (the amount of nucleic acid used
as template) is different from the sensitivity of the method, since itdepends on the recovery
efficiency of the analyte after extraction. For all three typesof virus, the limit of detection per
sample test unit is quite different in the two types offoodmatrices, with 10° gc/25 g in
strawberries and 10" gc/2g in mussel samples, whereas, per mass sample unit, it seems to be
the same10'®gc/g.
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