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Summary 

The Ostreid herpesvirus (OsHV-1) infects the Pacific Oyster, Crassostrea gigas and causes Pacific 
Oyster Mortality Syndrome (POMS), a disease characterised by high, rapid mortality. This project 
aimed to detect and enumerate OsHV-1 using flow cytometry, by Flinders University in collaboration 
with the South Australian Research Development Institute (SARDI) Aquatic Sciences. This is the first 
time that OsHV-1 has been detected and enumerated using flow cytometry with virus specific 
fluorescent probes. The project successfully developed an OsHV-1 test that is rapid, inexpensive and 
quantitative that can be used on Pacific Oyster farms or hatcheries to assist in monitoring OsHV-1 and 
to improve preventative measures where the virus is present. 

Detection of OsHV-1 is predominantly by quantitative polymerase chain reaction (qPCR) assays. The 
sensitivity of qPCR facilitates amplification of OsHV-1 DNA from low concentrations of the virus; 
qPCR can, however, be time consuming and expensive for Pacific Oyster farms and hatcheries to 
implement in routine monitoring for the virus.  This project aimed to develop a rapid, low cost and 
quantitative test for OsHV-1. Further aims were to establish this test in strategically located testing 
centres to support an industry wide monitoring program. This could allow continued monitoring for 
OsHV-1 during critical times at lower cost and with faster response capacity. 

The flow cytometry test for OsHV-1 was developed using an off the shelf entry level flow cytometer 
and targeted seawater and/or oyster tissue test matrices. The Merck Muse flow cytometer (Muse) was 
used as the development platform for this test after successful testing of seawater and using specific 
tests for control viruses using adjustments to factory settings and the selection of suitable fluorescent 
probes.  

Analytical sensitivity of the Muse cytometer was determined by analysing seawater samples for viral 
and bacterial abundance. This was achieved and both groups of microorganisms could be detected and 
enumerated. To further test the reliability of the output from the Muse, a comparison of cytometers 
was conducted with seawater samples. There were no significant differences in viral abundance in 
results from three cytometers, while measured bacterial abundance was greater on the Muse cytometer. 

Further testing of the Muse cytometer was conducted by analysing pure cultures of two viruses of 
similar size to OsHV-1: Dengue virus and Influenza A virus. These viruses were successfully detected 
and enumerated using generic nucleic acid fluorescent stains. Samples of Dengue virus were then used 
for initial testing of the capacity of the Molecular Beacons and primer specific fluorescent probes we 
developed. Dengue virus was successfully detected and enumerated using Molecular Beacons on the 
Muse cytometer. 

An OsHV-1 specific assay was designed and detection and enumeration of OsHV-1 was successfully 
achieved on the Muse cytometer using the assay. Initial analyses were conducted on OsHV-1 samples 
fixed in glutaraldehyde. To determine the validity of the developed test in a field setting, fresh samples 
of oyster tissue infected with OsHV-1 were then analysed in a PC-2 laboratory. OsHV-1 in these 
samples was successfully detected and enumerated. 

Oyster tissue samples were then tested to validate the developed test on oyster tissues obtained from a 
SARDI Aquatic Sciences infection study. After mastication of the oyster tissue, samples were 
analysed on the Muse flow cytometer and detection of the virus ranged in concentration between 
oyster individuals. Concentrations of OsHV-1 ranged from 7.00 102 per ml-1 to 2.93 × 107 per ml-1. 
The lower analytical detection limit of the test, furthermore, was 14 OsHV-1 particles per ml-1. 



The project developed technology for rapid detection and quantitation of OsHV-1. Government 
agencies and growers now have a rapid method for detecting OsHV-1 to 14 OsHV-1 particles per mL 
in seawater. The portability and ruggedness of the Muse flow cytometer means that operation and 
OsHV-1 detection can occur in the field. Testing costs approximately $2 per sample and preparation 
time is approximately 1-hour, with sequential samples able to be tested approximately 3 minutes apart. 
Changes in OsHV-1 concentration can therefore be tracked over the course of a day. This project has 
also laid the groundwork for the development of rapid detection methods for other aquaculture 
pathogens. 

Following on from this project priorities include: running a series of workshops for growers and 
hatchery operators to demonstrate the method; a trial program using a lend cytometer; provision of an 
acquisition, training, set up and calibration service for those that wish to adopt the assay; discussing 
implementing the assay at a field relevant laboratory; and consideration of developing this technique 
for other aquaculture pathogens. 

  



2.1.  Introduction 

Ostreid herpesvirus 1 (OsHV-1) causes disease outbreaks in the Pacific Oyster, Crassostrea gigas 
characterised by rapid onset of high mortality. OsHV-1 mortalities were first observed in France in 
2008 and OsHV-1 related mortalities have subsequently been observed in Europe, USA, New Zealand 
and Australia (Burge, et al., 2006; Segara, et al., 2010; Keeling, et al., 2014; de Kantzow, et al., 2017). 
In Australia the virus and disease were first observed in November 2010 in an outbreak that caused 
almost 100% of farmed and wild oysters in the Georges River in New South Wales. OsHV-1 related 
mortality events have occurred in Tasmania since 2016 with substantial impacts on C. gigas 
production and domestic market access for Tasmanian produced oyster spat. OsHV-1 was detected in 
feral Pacific Oysters in the Port River, South Australia in November 2017 but the South Australian 
industry remains free of the virus and the disease it causes. 

Detection of OsHV-1 is predominantly by quantitative polymerase chain reaction (qPCR) assays. The 
sensitivity of qPCR allows amplification of OsHV-1 DNA even from samples containing low 
concentrations of the virus. qPCR is, however, time consuming and expensive for farms and hatcheries 
to implement as routine monitoring tools. Samples of C. gigas are supplied as tissue, and extraction 
methods can lose up to 70% of viral DNA from tissue samples. Another method used to detect 
OsHV-1 is in situ hybridisation (ISH) where fixed histological sections of C. gigas tissue are treated 
with a fluorescent probe to identify the virus by microscopy. This technique is time consuming and 
requires a suitable laboratory and qualified staff. A quicker, inexpensive method to detect OsHV-1 is 
essential to the future farming and hatchery production of C. gigas globally, so that farmers and 
hatcheries can monitor OsHV-1 in close to real time facilitating very rapid responses to detection of 
the virus. 

Aquatic microbes have been routinely enumerated by flow cytometry for more than 20 years (Li, et 
al., 1995; Marie, et al., 1997; Lebaron, et al., 2002; Gasol, et al., 2009; Paterson, et al., 2013) and 
marine viruses have been enumerated using flow cytometry extensively since 1999 (Marie, et al., 
1999; Brussaard, 2004; Seymour, et al., 2008; Brussaard, et al., 2010). The technique is rapid, 
quantitative and inexpensive compared to other methods. Flow cytometry often uses nucleic acid 
fluorescent stains that target all viruses within a sample. Using this method it is impossible to 
determine the presence or abundance of a specific virus. Organism specific fluorescent probes, 
however, provide the potential to test for only one or a group of target organisms. Thi approach uses a 
fluorescent labelled DNA probe for detection and enumeration of a specific target in an environmental 
sample containing many different species of bacteria and viruses. We aimed to adapt this approach to 
testing for OsHV-1. 

The aim of this project was to develop a rapid, low cost, quantitative test for OsHV-1. This test will 
support an industry wide monitoring and rapid response testing program. This will allow continued 
surveillance for OsHV-1 in relevant areas at critical times, particularly in summer, without the need 
for sending samples to laboratories for qPCR analysis. 

2.1.1. Objectives 

The objectives of the original project were as follows: 

1. Create a POMS specific fluorophore probe 

2. Obtain a flow cytometry signal from the fluorophore probe 

3. Create standard protocols for POMS detection 

4. Create standard protocols for POMS enumeration 

5. Establish guidelines for interpretation of data 



6. Work with industry/government to identify appropriate commercialisation models 

 

2.2.  Methods 

2.2.1. Enumeration of viruses and heterotrophic bacteria in seawater 

Viruses and heterotrophic bacteria were enumerated using a Muse flow cytometer (Merck Millipore). 
Seawater was collected in triplicate 1 mL samples from Glenelg Beach, South Australia and fixed with 
glutaraldehyde (0.5% final concentration), incubated on ice for 15 minutes, then quick frozen in liquid 
nitrogen and stored at -80°C prior to analysis (Marie, et al., 1997; Brussaard, 2004). Prior to analysis, 
samples were thawed and diluted 1:10 with 0.02 µm filtered TE buffer (10 mM Tris, 1 mM EDTA), 
then stained with SYBR-I Green solution (1:20,000 final dilution; Molecular Probes) and finally 
incubated in the dark at 80oC for 10 min before analysis (Marie, et al., 1997; Lebaron, et al., 2001; 
Brussaard, 2004). Yellow and orange fluorescence and forward-angle light scatter (FSC) were 
recorded for each sample. To further optimise the enumeration of viruses and heterotrophic bacteria on 
the Muse flow cytometer, samples were stained with SYTO Orange 81 (Molecular Probes) fluorescent 
stain for optimal fluorescence excitation and emission for the Merck Muse flow cytometer. Samples 
were prepared and analysed using the same method as described above for samples run with SYBR-I 
Green.  

2.2.2. Detection and enumeration of two viral species 

Two viruses available as pure viral suspensions purified from cell culture, Dengue virus (DENV) and 
Influenza A virus (H3N2) were obtained to test the detection and enumeration sensitivity of the Muse 
cytometer. Both viruses were supplied at viral titres of approximately 107 per mL. Samples were 
supplied fixed in glutaraldehyde (0.5% final concentration), snap frozen in liquid nitrogen and stored 
at -80°C until analysis. Samples of both viruses were analysed with the Muse cytometer using the 
same method as described for the non-specific analysis of seawater samples. 

2.2.3. Development of a POMS specific fluorophore 

Fluorescent probes specific for OsHV-1 and Dengue virus were constructed using the Sigma-Aldrich 
Australia online tool. Molecular Beacons were developed for each virus that allowed sequence specific 
and sensitive detection. For OsHV-1, the primers C2F (CTCTTTACCATGAAGATACCCACC) and 
C6R (GTGCACGGCTTACCATTTTT) were used (Arzul, et al., 2001), with the attachment of a HEX 
fluorophore and BHQ-1 quencher. For Dengue virus, the primers DENV5.1F 
(GCAGATCTCTGATGAATAACCAAC) and DENV3.2R (TTGTCAGCTGTTGTACAGTCG) with 
the attachment of a HEX fluorophore and a BHQ-1 quencher were used. The BHQ-1 molecule was 
used to quench the fluorescence of the HEX fluorophore until the attachment of the primer sequence 
occurred in the reaction. 

2.2.4. Source of OsHV-1 virus 

Initial OsHV-1 samples were obtained from the Animal Health Laboratory, Department of Primary 
Industries, Parks, Water and Environment, Tasmania, Australia. Virus was purified by filtration from 
infected oyster tissue and suspended in filtered autoclaved seawater. These samples were snap frozen 
in liquid nitrogen and transported at -80°C. Further oyster tissue samples were obtained from the South 
Australian Research Development Institute (SARDI) from an infection study and field samples that 
were snap frozen and shipped to Flinders University at -80°C. Tissue samples of approximately 2 mm 
x 3 mm were cut from the oyster and placed in a microfuge tube with 500 µl of filtered and sterilised 
TE Buffer (10 mM Tris, 1 mM EDTA). The sample was then mechanically macerated for 5 min then 
centrifuged for 1 min at 6000 rpm. The supernatant containing OsHV-1 was separated and filtered 
through a 0.22 µm syringe filter and collected in a sterilized microfuge tube, snap frozen in liquid 
nitrogen and stored at -80°C until analysis. 



2.2.5. Sample preparation for Dengue virus and OsHV-1 detection 

Samples for Dengue virus and OsHV-1 were diluted to assist detection and not saturate the cytometer. 
25 µl of each virus extract was diluted in 225 µl of 0.02 µm filtered TE buffer (10 mM Tris, 1 mM 
EDTA). For each sample, 0.5 µl each of forward and reverse primer probe (200 nM final 
concentration) was added and the samples were placed on a heat block at 80°C for 10 minutes. 
Samples were then moved to a secondary heat block for incubation at 60°C for 60 minutes. After 
incubation samples were removed from the heat block and stored in the dark at room temperature until 
analysis. 

2.2.6. Flow cytometric analysis of Dengue virus and OsHV-1 using Molecular 
Beacons 

Samples were analysed on a Merck Muse® cytometer (Muse cytometer). Prior to each session 
5.3 × 104 per mL calibration beads were prepared and run in triplicate for quality control and 
calibration of the volumetric sensor. After preparation and incubation, samples were loaded into the 
cytometer and analysed for 2 minutes or 50,000 events. After analysis of each sample the cytometer 
was rinsed with MilliQ water to eliminate sample contamination and signal crossover. 

2.2.7. Data analysis 

Raw flow cytometry (FCS) files were exported from the Muse cytometer and analysed in FlowJo™ 
software (BD Life Sciences https://www.flowjo.com/ ) and viral detections were discriminated based 
on differences in forward scatter (FSC) and yellow fluorescence. Concentrations were calculated using 
the raw FCS files combined with the calibrated analysed volume of each sample recorded by the Muse 
cytometer. 

2.3.  Results 

2.3.1. The Merck Muse flow cytometer 

The Merck Muse flow cytometer is a compact and portable entry level machine that is sold off the 
shelf primarily for the analysis of blood cells (Figure 2.1). Successful adjustments to factory settings 
and the selection of suitable fluorescent dyes, however, enabled detection and enumeration of 
heterotrophic bacteria and viruses. The machine is small (27 cm × 21 cm × 21 cm) and portable, 
allowing users to transport the machine and analyse samples at multiple locations or in the field if 
required. The creation of saved settings for any specific test, such as OsHV-1 detection, enables a 
straightforward, rapid pre-analysis preparation. 

 

 



 

Figure 2.1 Overview of the Merck Muse Cell Analyser, highlighting (A) physical bench top size of the machine, 
(B) the sample loading arm and (C) the touch screen interface.  

 

2.3.2. Enumeration of viruses and heterotrophic bacteria in seawater 

Viruses and heterotrophic bacteria were initially enumerated from seawater on the Muse cytometer 
using a generic nucleic acid fluorescent stain, SYBR-I Green. Analysed samples exhibited clear 
separation of viral and bacterial populations based on yellow fluorescence (Figure 2.2). Viral 
abundance ranged from 2.5 × 107.mL-1 to 1.3 × 108.mL-1 and bacterial abundance ranged from 6.8 × 
107 .mL-1 to 9.3 × 107.mL-1. Seawater samples were then compared on two other flow cytometers, BD 
Canto II and Beckman Coulter CytoFlex S, at the Flinders Medical Centre for comparison to the 
results obtained on the Muse cytometer (Figure 2.3). Viral abundance was greater on the CytoFlex S 
than the Canto II and Muse cytometers (Figure 2.4), while bacterial abundance was greater on the 
Muse cytometer (Figure 2.4).  

 

 



 

Figure 2.2 Representative cytogram from the Muse cytometer of a seawater sample stained with SYBR-I Green. 
Beads population represents 1 µm green fluorescent beads added as a size and concentration standard. Yellow 
fluorescence on the x-axis indicates the amount of DNA and the forward scatter on the y-axis indicates particle 
size. 

 

 

 

 

Figure 2.3 Representative cytograms from (A) Merck Muse, (B) BD Canto II and (C) Beckman Coulter 
CytoFlex S cytometers from identical seawater samples. Populations represent viruses and heterotrophic 
bacteria, and 1 µm green fluorescent beads were added as a size and concentration standard. Yellow fluorescence 
on the x-axis indicates the amount of DNA and the forward scatter on the y-axis indicates particle size. 

 

 

 



 

 

Figure 2.4 Abundance of viruses and heterotrophic bacteria from seawater analysed on the Canto II (black bars), 
CytoFlex S (dark grey bars) and Muse (light grey bars) flow cytometers. Error bars represent standard deviation 
of the mean. 

 

 

2.3.3. Detection and enumeration of Dengue and Influenza A  

Detection and enumeration of Dengue virus and Influenza A virus was successfully achieved on the 
Muse cytometer using the fluorescent nucleic acid stain SYTO Orange 81. Clear cytometric 
populations of each virus were present (Figure 2.5). Both viruses were supplied at viral titres of 
approximately 107.mL-1. The enumeration of these samples on the Muse cytometer obtained 
concentrations of 2.4 × 106.mL-1 for Dengue virus and 2.5 × 106.mL-1 for Influenza A virus. 

 

 



 

Figure 2.5 Cytograms representing Dengue virus and Influenza A virus analysed on the Muse cytometer using 
the nucleic acid fluorescent stain SYTO Orange 81. Yellow fluorescence on the x-axis indicates the amount of 
DNA and the forward scatter on the y-axis indicates particle size. 

 

2.3.4. Detection and enumeration of Dengue virus using primer probes 

Dengue virus was used as an initial test of the capability of the Molecular Beacons developed for the 
project. The detection and enumeration of Dengue virus using Molecular Beacons was successfully 
achieved on the Muse cytometer. One clear population was observed which was used to enumerate the 
samples analysed (Figure 2.6). Using the Molecular Beacons, the abundance of Dengue virus ranged 
between 1.4 × 106 and 2.0 × 106.mL-1. 

 

 



 

Figure 2.6 Representative cytograms of Dengue virus analysed on the Muse cytometer using the Molecular 
Beacons primer probe. Samples of (A) blank with probes, (B) Dengue virus without probes and (C) Dengue virus 
with probes were used to calculate the concentration of the virus. Yellow fluorescence on the x-axis indicates the 
amount of DNA and the forward scatter on the y-axis indicates particle size. 

 

2.3.5. Detection and enumeration of OsHV-1 

Detection and enumeration of OsHV-1 was achieved on the Muse cytometer using the C2–C6 primer 
probe specific Molecular Beacons we developed. Analysis of samples supplied by the Animal Health 
Laboratory in Tasmania exhibited a distinct population separate from background machine noise 
(Figure 2.7). The concentration of OsHV-1 recorded in the samples ranged from 6.3 × 106 to 
1.0 × 107.mL-1. Further modification of the Muse cytometer settings was required to encapsulate the 
OsHV-1 population on the cytogram. 

 

 

Figure 2.7 Cytograms of OsHV-1 samples obtained from the Animal Health Laboratory, Tasmania exhibiting 
(A) absence of viral signal in the blank with probes and (B) presence of viral signal with OsHV-1 and probes. 
Samples were analysed on the Muse cytometer using OsHV-1 specific Molecular Beacons. Yellow fluorescence 
on the x-axis indicates the amount of DNA and the forward scatter on the y-axis indicates particle size. 

 



To confirm that the developed OsHV-1 test can be transferred to other flow cytometers a second 
Merck Muse cytometer was purchased and located in a PC-2 specific laboratory. This cytometer was 
also used for the analysis of OsHV-1 samples that were not fixed with glutaraldehyde. The detection 
and enumeration of OsHV-1 in samples supplied by the Animal Health Laboratory in Tasmania on a 
secondary cytometer that were not fixed with glutaraldehyde was successfully achieved (Figure 2.8). 
The concentration of OsHV-1 in the samples run on the PC-2 Muse cytometer ranged from 1.01 to 
1.21 × 107.mL-1. 

 

 

Figure 2.8 Cytograms of OsHV-1 samples obtained from the Animal Health Laboratory, Tasmania showing (A) 
no viral signal in the blank with probes and (B) OsHV-1 positive signal from a sample incubated with probes. 
Samples that were not fixed with glutaraldehyde were analysed on a secondary Muse cytometer housed in a PC-2 
laboratory using OsHV-1 specific Molecular Beacons. Yellow fluorescence on the x-axis indicates the amount of 
DNA and the forward scatter on the y-axis indicates particle size. 

 

Infected oyster samples supplied by SARDI Aquatic Sciences were successfully analysed on the Muse 
cytometer (Figure 2.9). Tissue of each oyster was mechanically macerated, filtered and samples were 
incubated with the OsHV-1 probe then analysed on the Muse cytometer. The lower detection limit for 
this test was 1.4 × 101.mL-1. The concentration of virus from oyster 562 was 2.86 × 107.mL-1 and from 
Oyster 566 was 2.93 × 107.mL-1. 

 

 

 



 

Figure 2.9 Cytograms of OsHV-1 from extracted oyster tissue obtained from SARDI Aquatic Sciences showing 
(A) blank samples containing probes, (B) Oyster 566 sample confirming presence of OsHV-1 at a concentration 
of 2.93 × 107.mL-1 and (C) Oyster 562 sample confirming presence of OsHV-1 at a concentration of 
2.86 × 107.mL-1. Samples were analysed on the Muse cytometer using OsHV-1 specific Molecular Beacons. 
Yellow fluorescence on the x-axis indicates the amount of DNA and the forward scatter on the y-axis indicates 
particle size. 

Further analysis of oyster samples supplied by SARDI Aquatic Sciences exhibited varying levels of 
OsHV-1 infection (Figure 2.10). Following the mechanical maceration of the oyster tissue and the 
incubation with the OsHV-1 probe, samples were analysed on the Muse cytometer. The concentrations 
of OsHV-1 from Oyster 545 was 7.00 × 102.mL-1and from Oyster 533 was 7.01 × 102.mL-1. 

 

Figure 2.10 Cytograms of OsHV-1 from extracted oyster tissue obtained from SARDI Aquatic Sciences 
showing (A) blank samples containing probes, (B) Oyster 545 sample confirming presence of OsHV-1 at a 
concentration of 7.00 × 102.mL-1 and (C) Oyster 533 sample confirming presence of OsHV-1 at a concentration 
of 7.01 × 102.mL-1. Samples were analysed on the Muse cytometer using OsHV-1 specific Molecular Beacons. 
Yellow fluorescence on the x-axis indicates the amount of DNA and the forward scatter on the y-axis indicates 
particle size. 

 

2.4.  Discussion 

This research aimed to test if recent developments in flow cytometry sensitivity and portability could 
be adapted to develop an OsHV-1 flow cytometry detection system for seawater and oyster tissue. This 
was achieved. The POMS probe was created using standard molecular biology and flow cytometry 
methods and calibrated against Australian-sourced viral samples and a probe for the dengue virus. 
Confirmation of successful probe creation was obtaining the cytometry signal from the probe; we 
detected OsHV-1 over a concentration range from 1.4 × 101 to 2.9 × 107.mL-1. This was achieved with 



quenched probes designed to be specific to OsHV-1. Our analytical limit of detection was 
1.4 × 101.mL-1 and easily detected OsHV-1 even after 100 fold dilution of field samples (Figure 2.9). 

The viral load detected in infected oysters indicates that the release of virus from infected farming 
regions or areas with dense populations of feral Pacific Oysters is likely to be in the vicinity of 
1010-1015 viruses per day over the period of an intense outbreak. This confirms the observations of 
Segarra et al. (2010) that overwhelming viraemia is associated with large outbreaks of OsHV-1. 

2.5.  Guidelines for interpretation of results 

The flow cytometry signal is visualised using cytograms, where yellow fluorescence on the x-axis 
indicates the amount of DNA and the forward scatter on the y-axis indicates particle size. Figure 2.7 
shows the undiluted OsHV-1 probe providing signal (Figure 2.7B) and an absence of signal in the 
control (Figure 2.7A). 

The overfull effect of measurement points in Figure 2.7 is misleading because the solid black 
represents up to 100 measurement points on top of each other. The points to the lower left outside the 
box in Figure 2.7B represent partially stained, possibly fragmented OsHV-1 virions that contain less 
DNA than a complete OsHV-1 virion. The measurement points to the upper right of the box and 
dropping downwards indicate complete OsHV-1 genomes that are smaller because they may be 
missing some capsid protein, which causes less scattering and moves the points down the cytogram. 
Overall, the OsHV-1 probe signal behaves as expected (Figure 2.7). 

We developed a series of checks for interpretation of the flow cytometry results based on a test with 15 
undergraduate students: 

 Check the axes to make sure that yellow fluorescence is on the x-axis and forward scatter is on 
the y-axis (Figure 2.7). 

 Compare samples to the positive and negative controls and check to ensure that a majority of 
measurements fall within the OsHV-1 gate. 

 If the detections fall outside of the OsHV-1 gate, check the settings on the Muse. 

 If the detections obscure all or part of the gate, dilute the sample and re-test. 

 The negative controls should show no, or few dots and the positive controls should show 
numerous dots, with the density depending on the control used. 

 Check that there is not too much signal in the samples or the positive control. Excess signal is 
illustrated in Figure 2.7B and is indicated by the ‘running’ of dots out of the top and bottom of 
the OsHV-1 box. For proper interpretation the signal needs to be quantified. This is achieved 
by subtracting the negative control from the sample. This should be done automatically on an 
Excel spreadsheet, but it should be checked that this has been done. The sample OsHV-1 
concentration is the target concentration minus the negative control concentration. A negative 
number indicates more signal in the negative control than in the sample. A large negative 
number may indicate that the negative control has been contaminated or that the control has 
been switched for a test sample. A negative number close to zero may mean there is no 
OsHV-1 in the sample and both sample and control are show only noise. Random fluctuations 
may lead to the control noise being larger than the sample noise, thus producing a negative 
number. 

 Samples should be repeated in at least triplicate, and samples should be taken from different 
tubes. The results of the replicates should be averaged and compared. It is prudent to perform 
statistical tests when comparing samples. The simplest test is to calculate the 95% confidence 
intervals and compare if the ranges overlap. If they do not overlap, then the samples are 



significantly different. It is worth noting, however, that there is often a difference between 
statistically significant and biologically significant. If one sample has 100,000 OsHV-1 
viruses.mL-1 and another has 500,000 OsHV-1 viruses.mL-1 they may be statistically 
significantly different. If only 1,000 OsHV-1 viruses.mL-1 are required to infect and kill an 
oyster, however, the viral concentrations will both kill the oysters and there is little biological 
difference. 

 Sets of samples should be taken over time to assess temporal variation. If one of the replicates 
is a factor of 10 higher or lower than the other two samples, a mistake may have been made 
preparing one of the samples. The most frequent mistake is finding one of the replicates is 
close to zero while the others are significant. A zero value in this situation indicates that any of 
the critical steps in sample preparation may have been missed. 
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