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Consumption of dates has not been considered a common risk of hepatitis A virus (HAV) infection. In January 2018, an outbreak of hepatitis was identified with cases resident in all regions of Denmark. All the detected strains belonged to HAV genotype 3A. Epidemiological investigations through patients’ interviews, case-control and trace-back studies pointed toward different batches of dates from a single producer as the vehicle of infection. Boxes of dates from suspected batches were collected from homes of patients and healthy families and analyzed using a recently reported optimized direct lysis method, consisting of simultaneous viral RNA elution and extraction from dates followed by purification of the nucleic acids. Extracts were analyzed for HAV and norovirus (NoV) RNA using RT-qPCR, while detected HAV were genotyped by Sanger sequencing. Among 20 nucleic acid extracts representing eight batches of dates, RNA of HAV (9.3 × 102 genome copies/g) and NoV genogroup (G)II (trace amounts) were detected in one batch, while NoV GII RNA (trace amounts) was detected in another. Average extraction efficiency of spiked process control murine norovirus was 20 ± 13% and the inhibitions of RT-qPCR detection of NoV GI, NoV GII, and HAV were 31 ± 34, 9 ± 9, and 3 ± 7%, respectively. The HAV genome detected in the dates matched by sequence 100% to the HAV genotype 3A detected in stool samples from cases implicated in the outbreak. This confirmed, to our knowledge, for the first time a sequence link between HAV infection and consumption of contaminated dates, suggesting dates to be an important vehicle of HAV transmission.
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INTRODUCTION

Hepatitis A virus (HAV) is one of the causative agents of viral jaundice and transmits primarily via the fecal-oral route through person-to-person contact or through contaminated food and water (Hollinger and Martin, 2013). Due to the ability to resist drying, freezing, food preservatives and acidification, HAV is highly persistent in the environment and has frequently caused foodborne disease outbreaks among susceptible populations worldwide (World Health Organization [WHO], 2017).

In recent years, consumption of HAV contaminated fruit imported from endemic areas has been identified as the source of several large and sometimes multistate outbreaks of HAV in Europe (EFSA, 2014; Severi et al., 2015). For example, HAV contaminated frozen berries caused 1,589 cases including two deaths in 13 EU/EEA countries during 2013–2014 (Severi et al., 2015), 71 cases in four Nordic countries including Denmark during 2012–2013 (Lassen et al., 2013) and 14 cases in the Netherlands in 2017 (Mollers et al., 2018). Consumption of semidried tomatoes has also been linked to outbreaks of HAV in Australia in 2009, and in the Netherlands and France in 2010 (Petrignani et al., 2010; Gallot et al., 2011; Donnan et al., 2012).

Attempts to detect and characterize HAV in suspected food products, identified by case control studies, to conduct a genetic comparison between HAV strains identified in clinical and food samples have often been unsuccessful, although it is essential to verify the origin of the foodborne disease (Petrignani et al., 2010; Gallot et al., 2011; Collier et al., 2014). One reason for this can be the un-availability of relevant food samples for laboratory analyses due to long lag time (2–6 weeks) between infection and onset of symptoms (EFSA, 2014). Other reasons may include uneven distribution of virus in suspected food, and low titer or purity of extracted viral RNA for un-inhibited HAV detection by reverse transcription (RT)-qPCR and characterization by sequencing (Schrader et al., 2012; EFSA, 2014).

An ISO standard for RT-qPCR detection of NoV and HAV in food matrices, including berries, ISO 15216-1, 2017 was recently validated (ISO, 2017). The method contains a protocol for virus and nucleic acid extraction based on elution of virus particles from food and capsid disruption using a chaotropic agent followed by nucleic acid adsorption to silica particles. The protocol includes quality control to identify false-negatives and prevent underestimation of viral load by evaluating the efficiency of viral RNA extraction using a virus process control, and amplification efficiency of target viral RNA by addition of an RNA control sequence to the RT-qPCR reaction. Altogether, the method is laborious and complicated, and needs to be simplified and optimized to increase viral recovery and purity of extracts (Bosch et al., 2018). In addition, the ISO standard is only validated for detection of NoV and HAV in the matrices described (soft fruit, leafy greens, stem and bulb vegetables, bottled water, mussels and oysters), excluding other types of potential vehicles of virus transmission, which limits the scope of the standard.

Perrin et al. (2015) proposed a direct viral lysis method from soft-fruit by immersion in lysis buffer, which enabled efficient detection of NoV surrogates on spiked raspberries, although it was less efficient in analyzing strawberries for the detection of spiked NoV (Bartsch et al., 2016). A slightly modified version in which inhibition could be overcome by filtering the RNA extract before molecular detection, confirmed the applicability of the method principle on samples of different berry types spiked with model viruses (Sun et al., 2019). However, the applicability of the direct lysis methods to detect foodborne viruses in naturally contaminated food samples remained to be demonstrated (Bosch et al., 2018).

To address the analytical challenge, we recently reported a further step toward improvement of the direct lysis method to allow for higher recovery of the process controls (mengovirus and murine norovirus, MNV) and less inhibited RT-PCR detection of the target viruses (NoV and HAV) in extracts from 13 different types of foods; fruits (including dates), vegetables, a compound food (seaweed salad) and seeds/nuts. The performance of the optimized direct lysis method was compared against a modified version of the ISO 15216-1 standard, and demonstrated successful detection of NoV in naturally contaminated strawberries and seaweed salad (Rajiuddin et al., 2020). However, the method’s broadness in detecting natural contamination remains to be shown for other viral pathogens and food matrices (Rajiuddin et al., 2020).

In January 2018, a hepatitis A outbreak was identified by RT-qPCR detection of HAV RNA in stool samples from 19 of 31 cases showing clinical symptoms of hepatitis infection from all regions of Denmark. Sanger sequencing and phylogenetic analysis grouped all the detected strains to HAV genotype 3A. Epidemiological investigations through patient interviews as well as case-control and trace-back investigations pointed toward different batches of dates from a single producer as the common route of exposure and thus the suspected vehicle of infection (Müller et al., 2018).

This study aimed to analyze samples of dates suspected to be implicated in the identified hepatitis A outbreak using a modified direct lysis method for the extraction of HAV RNA. In case of successful HAV detection, the aim was further to quantify the contamination level and to sequence the strain(s) detected in the date sample(s) in order to establish a match to the strains detected in the patient samples. Finally, the study aimed to explore the presence of NoV in the date samples, to evaluate a possible fecal contamination, in the case of unsuccessful HAV detection.



MATERIALS AND METHODS


Date Samples

Ten boxes (box 1–10) of eight different batches (batch 1–8) of dates from the same brand and producer, were collected from the homes of four patients and from the homes of five families that contacted the Danish Veterinary and Food Administration (DVFA) offering the remaining dates for analyses in the wake of the preventive recall of the product. The dates were sent to the National Food Institute, Technical University of Denmark (DTU), for analysis for the presence of HAV and NoV.



Elution, Extraction and Purification of Viral RNA From Date Samples

Viral RNA was extracted from 2 × 25–35 g (1–2 pieces) samples of each box of dates. To quality assess the extraction performance and control for false-negatives, the dates were spiked with MNV (104 pfu or 105 RT-qPCR units), propagated and titrated by plaque assay or end-point RT-qPCR, respectively (Rawsthorne et al., 2009; Hwang et al., 2014), and left to dry at room temperature for 30 min on a sterile bench.

Initially, box 1–2 were analyzed according to a viral RNA extraction method (Rajiuddin et al., 2020) structurally similar to the ISO 15216-1 (ISO, 2017) standard.

Subsequently, dates from box 1–10 were analyzed using a modified direct lysis method (Rajiuddin et al., 2020). Briefly, viral elution and simultaneous degradation of pectin and other potential RT-qPCR inhibitory substances, were conducted by inverting each sample 2–3 times in lysis buffer (10 ml) (NucliSENS®, bioMerieux, 280134) with the addition of pectinase (1 ml ∼3800 U) (Sigma, p2611 > 3,800 U/ml) and Plant RNA Isolation aid (400 μl) (Invitrogen, AM9690) followed by 10 min shaking at 200 rpm at room temperature. After incubation, the liquid buffer was separated from the solid date tissue by pipetting and centrifuged at 10,000 × g for 10 min at room temperature to pellet debris and small fruit particles. The supernatant (∼10.5–11.5 ml) was collected by pipetting and immediately used for nucleic acid extraction. Nucleic acids from all viral suspensions obtained by either method described above were extracted from the supernatant using the NucliSENS® miniMAG® system (BioMérieux, Herlev, Denmark) according to the manufactures instruction, except for using 140 μl of magnetic silica particles (BioMérieux, 280133) to catch released nucleic acid, and 100 μl of washing buffer three for the elution of purified RNA.

For the extracts obtained by the direct lysis method, a further purification of the nucleic acids was conducted using an OneStep PCR Inhibitor Removal Kit (Zymo Research, D6030) according to manufacturer’s instruction. Briefly, the Prep-Solution (600 μl) was added into a Zymo-SpinTM III-HRC column placed in a collection tube beforehand and centrifuged at 8000 × g for 3 min. The spin column was transferred to a 1.5 ml microcentrifuge tube and 100 μl of previously extracted nucleic acid extracts from the date samples was transferred to the prepared column and centrifuged at 8000 × g for 1 min. The filtered RNA sample was preserved at 4°C for maximum 24 h or at −80°C for longer before being used for RT-qPCR analysis.



Detection and Quantification of Viral RNA

Each extract was analyzed in duplicate for quantitative presence of HAV, NoV GI, and GII, as well as of MNV by RT-qPCR in a 96-well plate (MicroAmp Fast Optical 96-Well Reaction Plate 0.1 ml, Applier Biosystems, 4306311) on an ABI StepOnePlus Real-Time PCR machine (Applied Biosystems, Naerum, Denmark).

RT-qPCR reactions were carried out in a total of 25.0 μl mixture containing 5.0 μl of nucleic acid extract and 20.0 μl of master mix, including 1 × RNA Ultrasense One-Step Quantitative RT-PCR System (Thermo Fisher Scientific, Hvidovre, Denmark), and primers and TaqMan probes (DNA Technology AS, Risskov, Denmark) for NoV GI and NoV GII (Le Guyader et al., 2009), HAV (Costafreda et al., 2006) or MNV (Rawsthorne et al., 2009), and reaction conditions described by Le Guyader et al. (2009).

The theoretical limit of detection (tLOD) of the method was calculated to 20 genome copy (GC)/25 g date or 0.8 GC/g date. This was done by taking into account the volume changes and assuming that at least one GC of viral target (HAV or NoV) must be present in a positive RT-qPCR reaction containing 5 μl tested of total 100 μl extract obtained by processing a sample of 25–35 g date.

Quantification was performed using standard curves generated from 10-fold dilution series of artificially constructed dsDNA of HAV HM-175, NoV GI.1b, and NoV GII.4 (kindly provided by Dr. Lowther, Cefas, United Kingdom), produced and applied according to ISO 15216-1 (ISO, 2017), and extracted RNA of MNV.

The extraction efficiencies of the date samples were calculated using the formula 100e–0.6978ΔCt as previously described by Le Guyader et al. (2009), where ΔCt is the difference in Ct values of the MNV RNA recovered from spiked samples and from nuclease free water.

To assess the purity of the extracted nucleic acids, inhibition controls for the detection of target virus were performed on all extracts according to ISO 15216-1 (ISO, 2017), by adding 104 genome copies (GC) of NoV GI, NoV GII, and HAV transcripts (curtesy of Dr. Lowther CEFAS, United Kingdom) to separate wells containing 5.0 μl-volumes of each nucleic acid extract and to nuclease-free water.

The percentage of RT-qPCR inhibition was calculated as quotient of the GC amounts recovered of spiked RNA transcripts from the extracts (GC extract) and nuclease-free water (GC control) using the following formula: Inhibition (%) of target sequence = [1−(GC control/GC extract)] × 100. In cases of calculated negative inhibition of target sequence, lower inhibition in sample extract than in control, the inhibition was indicated as 0.0%.



Characterization of Detected HAV Sequences

HAV genotyping by Sanger sequencing was carried out as described previously (Lassen et al., 2013). Sequence assembly and genotyping was performed using BioNumerics v7.6 (Applied Maths) and phylogenetic analysis was carried out using MEGA 6.



RESULTS


Detection and Quantification of Viral RNA in Date Samples

Twenty nucleic acid extracts were obtained using the direct lysis method. HAV (9.3 × 102 ± 6.5 × 102 GC/g) and NoV GII (estimated 8.1 ± 7.7 GC/g) were detected in both extracts of box 10, originating from batch 4, while NoV GII RNA (estimated 2.4 ± 0.5 GC/g) was detected in one of two extracts of box 6, originating from batch 1 (Table 1). Neither HAV nor NoV GII was detected in dates from the remaining eight boxes extracted with the direct lysis method (box 1–5 and 7–9) and NoV GI could not be detected in any of the samples.


TABLE 1. Detection of target viral RNA, extraction efficiencies and RT-qPCR inhibition in extracts from dates attained using the optimized direct lysis method and the modified ISO 15216-1 standard (ISO, 2017).

[image: Table 1]The mean RNA extraction efficiency of spiked MNV was 20 ± 13% (range 10–37%) and the RT-qPCR inhibition of target sequences, NoV GI, NoV GII, and HAV, were 31 ± 34% (range 0–80), 9 ± 9% (range 0–21), and 3 ± 7% (range 0–15), respectively (Table 1). Except for one of two extracts from each box 4 and 7–9 displaying 75–90% NoV GI RT-qPCR inhibition, all extraction efficiencies and percentages of inhibition in undiluted extracts obtained using the direct lysis method complied with the quality criteria of extraction efficiency (≥1%) and RT-qPCR inhibition (≤75%) described in the ISO 15216-1 (ISO, 2017), see Table 1.

Neither HAV nor NoV could be detected in four nucleic acid extracts processed from box 1 and 2 using the modified ISO 15216-1 method, resulting in mean 0.7 ± 0.4% MNV RNA extraction efficiency and 0 ± 0% RT-qPCR inhibitions for all target viruses (NoV GI, NoV GII, and HAV).



Sequence Analysis

A sequence of 1228 nucleotides covering the entire VP1 gene was obtained for strain DTU69S1 (deposited in GenBank, accession number MT222962) detected in the dates. Initial BLAST analysis against the SSI internal HAV database, and the NCBI GenBank nucleotide database, revealed it to be of genotype 3A, most closely related to outbreak strains and strains originating in Afghanistan and Pakistan. Phylogenetic analysis of 19 Danish outbreak strains and one strain from a patient from another country, and DTU69S1 showed a 100% nucleotide match between DTU69S1 and both the Danish case from whom the HAV positive date box was collected and another patient known to have consumed dates from a different batch (Müller et al., 2018).



DISCUSSION

Despite frequent outbreaks of hepatitis A suspected to be following consumption of contaminated foods, it has rarely been confirmed by detection of HAV in the implicated food (Petrignani et al., 2010; Gallot et al., 2011; Collier et al., 2014). Food products incriminated in such outbreaks are often imported from HAV endemic areas to European countries with susceptible populations at high risk of developing severe disease symptoms following consumption (World Health Organization [WHO], 2010; Lassen et al., 2013).

For the first time a HAV strain from samples of a batch of dates implicated in a foodborne HAV outbreak could be detected. The strain was quantified, characterized and genetically linked with a 100% match to the HAV sequence isolated from stool samples of one of the Danish cases included in the outbreak and from one other patient. The detection of HAV in nucleic acid extracts from date samples processed using the optimized and simple direct lysis method demonstrates the method’s applicability for detection of HAV in naturally contaminated dates.

However, since extractions of the positive dates were not conducted using the modified ISO 15216-1 method (ISO, 2017), we cannot exclude that this could also have resulted in a similar outcome. This widely used EU standard method for detection of viruses on soft fruit can be inefficient in recovering RT-qPCR detectable viral RNA from different types of soft fruits (Bartsch et al., 2016; Rajiuddin et al., 2020) including dates (Boxman et al., 2012). The reason is that food matrices may challenge efficient viral elution from the matrix surfaces and contain organic and inorganic substances that interfere with RT-qPCR detection of target sequences (Schrader et al., 2012; Perrin et al., 2015). Although with few samples, this study indicated a poor extraction efficiency (average <1%) of viral RNA from dates using the modified ISO 15216-1 method (ISO, 2017) compared to the direct lysis method (average 20%), without compromising on the degree of inhibition (average 0%) obtained for the four samples analyzed using both methods.

Previous studies using alternative variations of a direct lysis methods for extraction of spiked NoV (Bartsch et al., 2016) or model viruses have reported challenges with RT-qPCR inhibition, which could be overcome by dilution or filtration of extracts before RT-qPCR detection (Sun et al., 2019). In our study an inhibition >75% was observed for only NoV GI RT-qPCR detection in four sub-extractions from the dates, which thus failed the quality criteria described in the ISO 15216-1 (ISO, 2017), although extracts from the remaining subsamples and a 10-fold dilution of the inhibited subsamples did comply with this criteria. It is likely that the use of digital PCR (Coudray-Meunier et al., 2015) as genome detection and quantification method would overcome potential challenge of inhibition in sample extracts. However, this was not explored in this study.

In a Dutch surveillance study of dates including 185 samples, two batches of dates were tested positive for HAV and genotyped to 1A using a simplified method containing elution and RNA extraction compared to the ISO 15216-1 method (Boxman et al., 2012). However, despite suspicion of HAV illness among date consumers in the population, it was not possible to establish a link between the batches of dates tested and the infected patients.

Due to the estimated low contamination level in foods and the low efficiency of common methods to recover viral RNA, the characterization by sequencing of detected viral RNA in food materials may often be more difficult than in human stool or blood samples (EFSA, 2014). Previously, we reported that the optimized direct lysis method applied in this study was significantly more efficient in recovering RNA of spiked model viruses on a selection of types of fruits compared to the ISO standard (Rajiuddin et al., 2020). In this study, the optimized direct lysis method proved fit for purpose to extract HAV RNA that allowed RT-qPCR detection and quantification as well as sequence characterization from samples of naturally contaminated dates suspected to have caused a disease outbreak. The relatively high viral recovery and purity of extract, likely attributed to the fewer steps and the use of the OneStep PCR Inhibitor Removal Kit (McKee et al., 2015; Fraisse et al., 2017), may have complimented the successful sequencing in the optimized direct lysis method.

Approximately 103 GC/g of HAV and trace amounts of NoV GII (<10 GC/gRNA were detected in the positive date samples. Although detection of viral RNA do not necessarily reflect detection of infectious viral particles (de Roda Husman et al., 2009), the related illness amongst consumers of dates indicates that at least some of the detected HAV genomes originated from intact virions.

In HAV endemic countries, the routes of contamination and spread of HAV and NoV may be common, with sewage-polluted water as an example (FAO/WHO, 2008). Since HAV detection in foods implicated in disease outbreaks is often unsuccessful (Dentinger et al., 2001; Petrignani et al., 2010; Carvalho et al., 2012; Lassen et al., 2013), we analyzed the date samples for presence of NoV in addition to HAV, with the rationale that, should the detection of HAV be unsuccessful, detection of NoV may indicate fecal contamination. Indeed, NoV GII RNA was detected in dates from boxes with and without simultaneous detection of HAV and RNA. This suggests that if HAV detection fails during investigation of HAV suspected contaminated food samples, NoV may be used as indicator for human fecal contamination. With the lack of reported gastroenteritis with dates as the suspected vehicle, the detection of NoV RNA might represent degraded viruses or levels below the number that cause symptoms, which has been estimated to 18–1000 virus particles (Teunis et al., 2008). Due to the detected levels of NoV RNA being lower than required for successful sequencing and the lack of reported gastroenteritis suspected to be caused by dates, sequence characterization of the detected NoV RNA in the two boxes of dates was not attempted.

While dates from two boxes (box 10 and 6) representing two different batches (batch 4 and 1, respectively) tested positive for either both HAV and NoV RNA or only NoV RNA, the paired two boxes (box 1 and 4, respectively) originating from the same batches did not test positive for any virus. This indicates that viruses may be unevenly distributed in contaminated dates, as has been previously observed for viral contaminated raspberries (EFSA, 2014), semidried tomatoes (Donnan et al., 2012) and dates (Boxman et al., 2012). The uneven distribution of viral contaminated fruits underlines the importance of a sound sampling strategy, when conducting surveillance or outbreak studies of fruits suspected to be contaminated with viruses (Bosch et al., 2011).

The HAV genome detected in the dates matched by sequence 100% to the HAV genotype 3A detected in the stool sample collected from one case from whose household the specific date sample was obtained and to another non-related infected HAV patient who also had consumed dates from the same producer. This strongly indicates that these cases were infected after consumption of the contaminated dates, rather than the product was contaminated by the case wherefrom the dates were collected.

Although dates have not yet been described as a main risk factor for HAV outbreaks (EFSA, 2014), the present study suggest like the Dutch surveillance study (Boxman et al., 2012) that dates may prove to be an important vehicle of widespread, cross-border foodborne outbreaks of hepatitis.

In conclusion, use of an optimized direct lysis method for the extraction of viral RNA from dates suspected to be the source of a hepatitis A outbreak, allowed detection, quantification and characterization of a HAV strain matching a sequence detected among the outbreak cases. This establishes, to our knowledge, for the first time a direct sequence link between a hepatitis A infection and consumption of contaminated dates.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, to any qualified researcher.



AUTHOR CONTRIBUTIONS

SR: writing – original draft preparation. AS: funding acquisition and supervision. TJ, SM, LM, and AS: resources. All authors: conceptualization and methodology of the study, formal analysis and investigation, and writing, reviewing, and editing of subsequent versions.



FUNDING

This work was supported by a Ph.D. scholarship to SR and supervised by the AS from the National Food Institute at the Technical University of Denmark.



ACKNOWLEDGMENTS

We thank Resadije Idrizi, National Food Institute, Technical University of Denmark and Kristine Vorborg, Virus Surveillance and Research, Statens Serum Institute, for technical assistance, as well as the Danish Veterinary and Food Administration and Technical University of Denmark for supporting this study.



REFERENCES

Bartsch, C., Szabo, K., Dinh-Thanh, M., Schrader, C., Trojnar, E., and Johne, R. (2016). Comparison and optimization of detection methods for noroviruses in frozen strawberries containing different amounts of RT-PCR inhibitors. Food Microbiol. 60, 124–130. doi: 10.1016/j.fm.2016.07.005

Bosch, A., Gkogka, E., Le Guyader, F. S., Loisy-Hamon, F., Lee, A., and van Lieshout, L. (2018). Foodborne viruses: detection, risk assessment, and control options in food processing. Int. J. Food Microbiol. 285, 110–128. doi: 10.1016/j.ijfoodmicro.2018.06.001

Bosch, A., Sánchez, G., Abbaszadegan, M., Carducci, A., Guix, S., and Le Guyader, F. S. (2011). Analytical methods for virus detection in water and food. Food Anal. Methods 4, 4–12. doi: 10.1007/s12161-010-9161-5

Boxman, I. L. A., te Loeke, N. A. J. M., Klunder, K., Hägele, G., and Jansen, C. C. C. (2012). Surveillance study of hepatitis A virus RNA on fig and date samples. Appl. Environ. Microbiol. 78, 878–879. doi: 10.1128/AEM.06574-11

Carvalho, C., Thomas, H., Balogun, K., Tedder, R., Pebody, R., Ramsay, M., et al. (2012). A possible outbreak of hepatitis A associated with semi-dried tomatoes, England, July-November 2011. Euro Surveill. 17, 4–7. doi: 10.2807/ese.17.06.20083-en

Collier, M. G., Khudyakov, Y. E., Selvage, D., Adams-Cameron, M., Epson, E., and Cronquist, A. (2014). Outbreak of hepatitis A in the USA associated with frozen pomegranate arils imported from Turkey: an epidemiological case study. Lancet Infect. Dis. 14, 976–981. doi: 10.1016/S1473-3099(14)70883-7

Costafreda, M. I., Bosch, A., and Pintó, R. M. (2006). Development, evaluation, and standardization of a real-time TaqMan reverse transcription-PCR assay for quantification of hepatitis A virus in clinical and shellfish samples. Appl. Environ. Microbiol. 72, 3846–3855. doi: 10.1128/AEM.02660-05

Coudray-Meunier, C., Fraisse, A., Martin-Latil, S., Guillier, L., Delannoy, S., Fach, P., et al. (2015). A comparative study of digital RT-PCR and RT-qPCR for quantification of Hepatitis A virus and Norovirus in lettuce and water samples. Int. J. Food Microbiol. 201, 17–26. doi: 10.1016/j.ijfoodmicro.2015.02.006

de Roda Husman, A. M., Lodder, W. J., Rutjes, S. A., Schijven, J. F., and Teunis, P. F. M. (2009). Long-term inactivation study of three enteroviruses in artificial surface and groundwaters, using PCR and cell culture. Appl. Environ. Microbiol. 75, 1050–1057. doi: 10.1128/AEM.01750-08

Dentinger, C. M., Bower, W. A., Nainan, O. V., Cotter, S. M., Myers, G., Dubusky, L. M., et al. (2001). An outbreak of hepatitis A associated with green onions. J. Infect. Dis. 183, 1273–1276. doi: 10.1086/319688

Donnan, E. J., Fielding, J. E., Gregory, J. E., Lalor, K., Rowe, S., and Goldsmith, P. (2012). A multistate outbreak of hepatitis A associated with semidried tomatoes in Australia, 2009. Clin. Infect. Dis. 54, 775–781. doi: 10.1093/cid/cir949

EFSA (2014). Tracing of food items in connection to the multinational hepatitis A virus outbreak in Europe. EFSA J. 12, 3821–4007. doi: 10.2903/j.efsa.2014.3821

FAO/WHO (2008). Viruses in Food: Scientific Advice to support risk management activities. Meeting Notes. Geneva: WHO.

Fraisse, A., Coudray-Meunier, C., Martin-Latil, S., Hennechart-Collette, C., Delannoy, S., Fach, P., et al. (2017). Digital RT-PCR method for hepatitis A virus and norovirus quantification in soft berries. Int. J. Food Microbiol. 243, 36–45. doi: 10.1016/j.ijfoodmicro.2016.11.022

Gallot, C., Grout, L., Roque-Afonso, A.-M., Couturier, E., Carrillo-Santisteve, P., and Pouey, J. (2011). Hepatitis A associated with semidried tomatoes, France, 2010. Emerg. Infect. Dis. 17, 566–567. doi: 10.3201/eid1703.101479

Hollinger, F. B., and Martin, A. (2013). “Hepatitis a virus,” in Fields Virology: Sixth Edition, eds D. M. Knipe and P. Howley (Alphen aan den Rijn: Wolters Kluwer Health Adis), 551–577.

Hwang, S., Alhatlani, B., Arias, A., Caddy, S. L., Christodoulou, C., and Bragazzi Cunha, J. (2014). Murine Norovirus: propagation, quantification, and genetic manipulation. Current Protocols in Microbiology 33, 15K.2.1–15K.2.61.

ISO (2017). ISO 15216-1:2017. Microbiology of the Food Chain — Horizontal Method for Determination of Hepatitis A Virus and Norovirus Using Real-Time RT-PCR — Part 1: Method for Quantification. Bengaluru: ISO.

Lassen, G. S., Soborg, B., Midgley, S. E., Steens, A., Vold, L., and Stene-Johansen, K. (2013). Ongoing multi-strain food-borne hepatitis A outbreak with frozen berries as suspected vehicle: four Nordic countries affected, October 2012 to April 2013. Euro Surveill. 18:20467. doi: 10.2807/ese.18.17.20467-en

Le Guyader, F. S., Parnaudeau, S., Schaeffer, J., Bosch, A., Loisy, F., Pommepuy, M., et al. (2009). Detection and quantification of noroviruses in shellfish. Appl. Environ. Microbiol. 75, 618–624. doi: 10.1128/AEM.01507-08

McKee, A., Spear, S. F., and Pierson, T. W. (2015). The effect of dilution and the use of a post-extraction nucleic acid purification column on the accuracy, precision, and inhibition of environmental DNA samples. Biol. Conserv. 183, 70–76. doi: 10.1016/j.biocon.2014.11.031

Mollers, M., Boxman, I. L. A., Vennema, H., Slegers-Fitz-James, I. A., Brandwagt, D., Friesema, I. H., et al. (2018). Successful use of advertisement pictures to assist recall in a food-borne hepatitis A outbreak in the Netherlands, 2017. Food Environ. Virol. 10, 272–277. doi: 10.1007/s12560-018-9347-3

Müller, L., Raiser, S. G., Ethelberg, S., Vestergaard, H., Midgley, S. E., and Fischer, T. K. (2018). No 11-2018: Hepatitis A virus outbreak due to Iranian dates. Epi-News, 11–2018. Available online at: https://en.ssi.dk/news/epi-news/2018/no-11—2018 (accessed August 04, 2020).

Perrin, A., Loutreul, J., Boudaud, N., Bertrand, I., and Gantzer, C. (2015). Rapid, simple and efficient method for detection of viral genomes on raspberries. J. Virol. Methods 224, 95–101. doi: 10.1016/j.jviromet.2015.08.005

Petrignani, M., Harms, M., Verhoef, L., van Hunen, R., Swaan, C., and van Steenbergen, J. (2010). Update: a food-borne outbreak of hepatitis A in the Netherlands related to semi-dried tomatoes in oil, January-February 2010. Euro Surveill. 15, 1–4. doi: 10.2807/ese.15.20.19572-en

Rajiuddin, S. M., Jensen, T., Hansen, T. B., and Schultz, A. C. (2020). An optimised direct lysis method for viral RNA extraction, and detection of foodborne viruses on fruits, and vegetables. Food Environ. Virol. 12, 226–239. doi: 10.1007/s12560-020-09437-x

Rawsthorne, H., Phister, T. G., and Jaykus, L.-A. (2009). development of a fluorescent in situ method for visualization of enteric viruses. Appl. Environ. Microbiol. 75, 7822–7827. doi: 10.1128/AEM.01986-09

Schrader, C., Schielke, A., Ellerbroek, L., and Johne, R. (2012). PCR inhibitors - occurrence, properties and removal. J. Appl. Microbiol. 113, 1014–1026. doi: 10.1111/j.1365-2672.2012.05384.x

Severi, E., Verhoef, L., Thornton, L., Guzman-Herrador, B. R., Faber, M., and Sundqvist, L. (2015). Large and prolonged food-borne multistate hepatitis A outbreak in Europe associated with consumption of frozen berries, 2013 to 2014. Eurosurveillance 20:21192. doi: 10.2807/1560-7917.ES2015.20.29.21192

Sun, B., Bosch, A., and Myrmel, M. (2019). Extended direct lysis method for virus detection on berries including droplet digital RT-PCR or real time RT-PCR with reduced influence from inhibitors. J. Virol. Methods 271:113638. doi: 10.1016/j.jviromet.2019.04.004

Teunis, P. F. M., Moe, C. L., Liu, P., Miller, E. S., Lindesmith, L., Baric, R. S., et al. (2008). Norwalk virus: how infectious is it? J. Med. Virol. 80, 1468–1476. doi: 10.1002/jmv.21237

World Health Organization [WHO] (2010). The Global Prevalence of Hepatitis A Virus Infection and Susceptibility: A Systematic Review. Geneva: World Heal. Organ.

World Health Organization [WHO] (2017). Global Hepatitis Report, 2017. Geneva: World Heal. Organ.


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Rajiuddin, Midgley, Jensen, Müller and Schultz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Application of an Optimized Direct Lysis Method for Viral RNA Extraction Linking Contaminated Dates to Infection With Hepatitis A Virus



		INTRODUCTION



		MATERIALS AND METHODS



		Date Samples



		Elution, Extraction and Purification of Viral RNA From Date Samples



		Detection and Quantification of Viral RNA



		Characterization of Detected HAV Sequences







		RESULTS



		Detection and Quantification of Viral RNA in Date Samples



		Sequence Analysis







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/cover.jpg
, frontiers
in Microbiology

Application of an Optimized
Direct Lysis Method for Viral
RNA Extraction Linking
Contaminated Dates to Infection
With Hepatitis A Virus









OPS/images/logo.jpg
, frontiers
in Microbiology





OPS/images/fmicb-11-516445-t001.jpg
Box! Batch Best before

Optimized direct lysis method?

Modified ISO 15216-1 method?

ID ID date

Weight of sample Extraction efficiency RT-gPCR inhibition3 (%) Detection of Weight of sample Extraction efficiency RT-gPCR inhibition (%)

tested (g) of MNV (%) viral RNA* tested (g) of MNV (%)
Undiluted 10x diluted NoV Gl NoV Gl HAV NoV Gl HAV Undiluted 10x diluted NoV GI NoV Gil HAV

1 1 30.09.2018 254419 141+49 320+£85 00+£00 00+£00 0.0+00 — — 251 +£ 0.1 05+03 06+06 00+0.00.0+0.00.0+0.0
2 2 30.03.2018 251+ 7.0 26.2+27.7 340+379 00+£00 00+00 00+0.0 — — 253+0.2 09+03 1.0+03 00+0.00.0+0.0 0.0+0.0
3 3 10.06.2018 25.5+ 0.6 18.0+4.0 174+54 405+330 52+35 0.0+00 — ——
4 4 30.06.2018 219+ 0.6 17.1+£32 3565+16.5 43.4+455 11.0+£151 1.4+20 —_ —_
5 5 30.06.2018 23.7+02 345+83 5594+181 26.7+11.0 564+79 82+95 — —
6 1 30.09.2018 21.3+0.6 372+96 392+76 00+00 36+50 59+83 +— ——
7 6 30.06.2018 252+0.5 9.7+30 427+121 79.7+£142 21.5+31 15.0+£21.3
8 7 10.05.2018 33.0+ 0.1 183.8+9.6 40.8+13.7 738+ 186 16.3+69 1.8+25
9 8 31.12.2017 242+ 34 227+23 272+66 66.2+168 1564+53 12+1.7
10 4 30.09.2018 33.1+36 108+65 77+563 30+£52 84+119 0.0+00 ++ ++
Mean values 199+ 133 33.3+19.2 30.6+342 87+89 31+72 0.7+04 08+06 00+0.00.0+0.00.0+0.0

Data are presented as the mean 4

t standard deviations (Mean

+ SD). 'All boxes of dates had been opened at the place of consumers, except for box 5. Original content of dates was 600 g’s for box 3, 5, and 7

and 400 g’s for the remaining boxes. Two extractions were performed from each box of dates, and the detection of target viruses as well as the extraction efficiency and RT-gPCR inhibition were each determined
by separate two RT-GPCR reactions per extraction. 3In cases of calculated negative inhibition of target sequence, lower inhibition in sample extract than in control, the inhibition was indicated as 0.0%". *Each symbol
represents positive (+) or negative (—) detection of viral RNA in one of two extract. NoV Gl was not detected in any extractions using the optimized direct lysis method, neither was HAV, NoV GI, or NoV GlI using the

modified ISO 15216-1 method.





