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Introduction 
Marine pests have the potential to significantly affect marine industries and environments around 

the world. Marine pests continue to spread progressively through international and domestic vessel 

movements (such as ballast water and biofouling) and other vectors (such as ghost fishing nets and 

flotsam). Efforts to prevent, control or eradicate pests are challenged by difficulties in early 

detection and understanding of pest abundance and distribution in the environment. Traditional 

methods of detection are expensive and labour intensive, relying on morphological identification 

through visual surveys, or sample collection by traps, trawls and other means. Developments in 

environmental sampling and molecular technology have led to the concurrent development of new 

methods for the detection of marine pest DNA in environmental samples and/or DNA-based 

identification of specific pests. 

To maximise the utility of new assays applied for pest detection or identification, it is important that 

assay performance is predictable and well understood, to support interpretation of assay results and 

consequent decision-making. Any new assay development must meet agreed national guidelines for 

assay development and validation, to ensure that the resulting assay will provide a useful tool for 

future surveillance activities. 

For terrestrial and aquatic animal disease assays, there is an internationally recognised assay 

validation process promulgated by the World Organisation for Animal Health (OIE). However, 

despite the apparent need, there are no such guidelines available for marine pest assays. These 

guidelines were developed to meet that need. 

These guidelines provide a framework for assay development and validation for new molecular 

methods for the detection or identification of marine pests. The guidelines follow a similar structure 

to the OIE guidelines for validation of diagnostic assays for infectious diseases (Chapter 1.1.2 of the 

OIE Aquatic Manual [OIE 2016] and Chapters 1.1.6 and 3.6 of the Terrestrial Manual [OIE 2016a]). 

The OIE guidelines were modified to suit the unique requirements of marine pest assays following 

discussion among professionals working in this area at a workshop in Adelaide in November 2016. 

Readers are referred to the OIE Aquatic and Terrestrial Manuals for more detailed information 

where necessary. 

It is also important to note that while the development and validation pathways are described in a 

sequential fashion, in practice many of the steps can be undertaken in parallel and some steps may 

be iterative, requiring repeated attempts to achieve the desired assay performance. 

http://www.oie.int/standard-setting/overview/




http://www.marinepests.gov.au/national-system/how-it-works/Emergency_management/Trigger%20list/Pages/default.aspx


http://www.oie.int/standard-setting/aquatic-manual/access-online
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required for evaluation against known infection status for animal disease assays, which would be 

similarly applicable for marine pest assays (see Appendix A).  

As an example, 100 samples, either from affected environments or known spiked positive samples, 

and 300 samples from pest-free environments are generally considered the minimum sample size to 

provide an adequate level of confidence in the estimates of detection sensitivity and specificity, 

respectively. Assuming estimated sensitivity of 95 per cent (five false negatives), 95 per cent 

binomial confidence limits are 88.7 to 98.4 per cent. Similarly, assuming estimated specificity is 100 

per cent (0 false positives), 95 per cent binomial confidence limits are 98.8 to 100.0 per cent.  

Numbers required should be adjusted on a case-by-case basis, depending on the desired level of 

confidence and precision. 

5.2.6 Estimation of detection sensitivity and specificity  
Several methods are available for estimating detection sensitivity and specificity in terrestrial or 

aquatic animals. These methods may be applicable to varying degrees for evaluation of marine pest 

assays, as summarised below.  

Based on results of testing reference samples 
If well-characterised positive and negative reference samples are available, testing of these samples 

in the new assay will allow estimation of detection sensitivity and specificity. This is often 

problematic for animal tests and even more so for marine pest assays, due to the difficulty in reliably 

determining true status of the samples.  

One exception to this is the use of negative reference samples from a pest-free location for 

estimation of detection specificity. As previously mentioned, such negative reference samples should 

be from a range of locations, environments, sample matrixes and seasons to maximise 

representativeness for the proposed use of the assay.  

Alternatively, if there is an existing, well-characterised assay available, comparison of results with 

this assay is the preferred approach. This produces estimates of detection sensitivity and specificity, 

relative to the reference test. 

Use of spiked samples of known status is an alternative to reference samples of known status; 

however, such samples will not be representative of the environment in which the assay will be 

used, limiting the applicability of the resulting estimates. 

Evaluation at a known infested site 
Evaluation of detection sensitivity of a new assay at a site (or sites) that is known to be infested with 

the target pest may be possible. A critical feature of such an evaluation would be to ensure spatial 

representativeness of samples across the site, rather than focusing the sampling in proximity to 

known pest occurrence. Some samples are likely to be more distant from pest locations and 

therefore have lower concentrations of the target analyte. Sampling only in proximity to known pest 

locations is likely to result in high concentrations of DNA and sensitivity could be overestimated, 

compared to sites with lower levels of infestation or further away from pest locations. 

Environmental characteristics, pest abundance, clustering and distribution should also be 

investigated and documented to assist in interpreting results and understanding test performance.  

This approach will result in generally lower estimates of sensitivity than using reference or spiked 

samples, because of natural variation in the occurrence and concentration of the target analyte in 
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of performance specification, particularly estimates of detection sensitivity and specificity. Once 

armed with this information, users can interpret assay results to assist in decision-making, for 

example on whether further follow-up of positive results is required and what form that follow-up 

should take. 

 

5.4.3 Deployment to other laboratories 
An important part of implementation is the deployment of the assay to other laboratories. This 

encourages wider use and allows improved monitoring of performance through proficiency testing 

and ongoing assessment of assay reproducibility. Preparation and distribution of a sufficient volume 

of well-characterised and consistent reference standards, to support wider use and ensure 

consistency of results between laboratories, is a critical consideration for wider deployment. 

5.5 Monitoring assay performance after initial validation 
Monitoring and maintenance of an assay should include, at a minimum, development of a proficiency 

testing scheme for participating laboratories. Further, participation in a quality control programme, 

where a programme exists, is mandatory under National Analytical and Testing Authority standards. 

5.5.1 Monitoring the assay 
Once a new assay has been validated, it is important to maintain consistent validated performance 

characteristics. A quality assurance programme should assess the daily performance of the assay, 

primarily through monitoring of precision and accuracy estimates for internal controls, as well as 

monitoring of outlier tendencies. 

5.5.2 Considerations for changes in the assay 
It may be necessary to periodically modify an existing assay, for example to meet a new intended 

purpose, to take advantage of technological advances or to improve efficiency or cost-effectiveness. 

When this occurs, revalidation may be appropriate depending on the type and magnitude of 

changes. Revalidation should be considered for changes to the intended purpose(s) or the target 

environment, or to the target analyte for the assay.  

Technical modifications and comparability assessments 
Minor technical modifications to a validated assay, such as changes in instrumentation, extraction 

protocols, or conversion of an assay to a semi-automated or fully automated system using robotics, 

will typically not necessitate full revalidation of the assay. Instead, a comparison of the current and 

proposed methods should be undertaken to determine whether the proposed modifications will 

affect the documented performance characteristics of the assay. 

Biological modifications and comparability assessments 
Changes to the biological components of an assay are more difficult to assess. These may include 

changes to the sample matrix or the reagents used. Where biologicals are changed, a final decision 

on whether a full revalidation is required may be based on a re-assessment of the analytical 

performance, and the comparison of new and old biologicals on the performance characteristics of 

the assay. 

Replacement of depleted reagents 
When a reagent such as a control sample or working standard is nearing depletion, it is essential to 

prepare and repeatedly test a replacement before such a control is depleted. The prospective control 

sample should be included in multiple runs of the assay in parallel with the original control to 
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establish their proportional relationship. It is important to change only one reagent at a time to 

avoid the compound problem of evaluating more than one variable. 

5.5.3 Enhancing confidence in validation criteria 
As opportunity arises, it is desirable to increase the number and range of reference samples, to allow 

recalculation of updated and improved estimates of detection performance of the assay. These 

samples should be collected and managed under conditions as similar as possible to the original 

samples to ensure comparability of results. 





Guidelines for development and validation of assays for marine pests 

19 

Summary  
An appropriately optimised and validated assay will provide consistent results that can be 

interpreted by the user, resulting in improved understanding of pest presence/absence or 

abundance and improved decision-making in relation to implementation of control or eradication 

measures, if required. Without proper validation, tests are likely to provide inconsistent or incorrect 

results, leading to poor decisions and loss of faith in the testing system.  
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Appendix A: Sample size estimates  
Table A1 Estimated sample size required for estimating detection sensitivity (DSe) or detection 
specificity (DSp), depending on expected value of DSe or DSp and desired precision and 
confidence 

Estimated DSe or DSp Precision ± 2% Precision ± 5% 

90% 
confidence 

95% 
confidence 

99% 
confidence 

90% 
confidence 

95% 
confidence 

99% 
confidence 

90% 610 864 1493 98 138 239 

92% 466 707 1221 75 113 195 

94% 382 542 935 61 87 150 

95% 372 456 788 60 73 126 

96% 260 369 637 42 59 102 

97% 197 279 483 32 45 77 

98% 133 188 325 21 30 52 

99% 67 95 164 11 15 26 

DSe = detection sensitivity. DSp = detection specificity. 
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Appendix B: Differences between animal 
disease and marine pest testing 

Validation of marine pest assays presents significant challenges compared to assays for terrestrial or 

aquatic animals. These challenges relate to some fundamental differences arising from the fact that 

for animal diseases, tissue or fluid samples can usually be obtained directly from individual animals 

for testing, whereas marine pest diagnostics often rely on sampling from the marine environment 

and, less commonly, directly from the organism. Some of these important differences are 

summarised in Table A1. Resulting issues relating to current approaches to estimation of diagnostic 

sensitivity and specificity of animal and marine pest diagnostics are summarised in Table A2. 

Table B1 Summary of comparisons between animal and marine pest assays 

Issue Terrestrial/aquatic animal 
disease assays 

Marine pest assays 

Sampling unit Usually a visual animal Can be highly variable and can be any of a variety of 
environmental samples, such as a volume of water, 
sediment cores, settlement plates, plankton tows, 
etc.  

Population of interest An aggregation of animals in a herd, 
farm, pond, tank, water body or at a 
higher level of regional or national 
populations 

Usually a harbour, port or other water body. 
Distribution of the assay target is unlikely to be 
uniform and is affected by dilution, distance from 
source, currents and other factors  

Sampling strategies for 
application of the test 

Can be well developed and common 
across species and diseases 

Less well developed, highly variable depending on 
assay matrix and target organism 

Sample matrix Usually blood, tissue or other body 
fluids/excreta. Often homogeneous 
and predictable in 
physical/chemical properties 

Highly variable in nature depending on the type of 
pest/target and in time and space. Often a very 
complex biological substrate, such as ocean 
sediment, plankton tows and settlement plate 
scrapings 

PCR Inhibition Depends on sample matrix and 
usually manageable 

Commonly associated with the complex nature of 
the sample matrix 

Number of assay targets Usually a single target of interest, 
associated with a particular disease. 
Multiplex are usually for a limited 
number of targets 

Often multiple targets due to the variety of pests of 
concern. Also, often need to distinguish between 
multiple closely related species that may or may not 
be of interest. The taxonomic framework around 
some of these species is poor 

Concentration of assay 
target  

Can be high, depending on 
infectious dose and on nature of the 
specific disease and test 

Often high, making false negatives likely, depending 
on concentration and distribution of the target in 
the water body 

Sample volume Usually small, can be measured in 
fractions of a gram or ml 

Often very large, particularly where concentration 
of the target DNA is low 

Availability of 
comparison/reference 
tests 

Multiple alternative and comparison 
tests may be available 

Rarely are good alternative tests available  

Species diversity Usually single species May be single or multiple species, may be related 
species but also a need for broader coverage of 
multiple pests in a single assay or series of assays. 
Ideally able to distinguish between closely related 
species 



Guidelines for development and validation of assays for marine pests 

22 

Representativeness of 
evaluation samples 

Evaluation samples need to be 
representative of the population in 
which test is to be used and of the 
spectrum of disease. This is 
achieved with variable success but 
is at least achievable for many tests 

Representativeness requires samples from different 
times of year, sample matrixes and geographic 
locations, with associated logistic and cost issues. 
Replication of assay performance can be difficult 
due to different environments and complex and 
varying sample composition 

PCR Polymerase chain reaction. 
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Table B2 Summary of issues affecting validation methods for animal disease and marine pest 
assays 

Issue Terrestrial/aquatic animal 
diseases 

Marine pests 

Gold standard methods Gold standard methods applicable 
and straightforward when an 
appropriate reference test is 
available for comparison 

Gold standard methods unlikely to be applicable 
due to lack of alternative tests as a gold standard. 
Novel molecular tests often substantially more 
sensitive than existing alternative techniques 
(visual inspection, trapping, etc.). Gold standard 
approaches may be of use in establishing 
specificity estimates if known pest-free 
environments or multiple assays are available 

Latent class methods Latent class methods are 
increasingly popular for animal 
diagnostics 

Unlikely to be a realistic option for most marine 
pest assays due to methodological requirements 
(multiple tests, multiple populations, constant 
test performance, etc.) 

Spiked samples  Usually limited to preliminary 
evaluation and estimating analytical 
sensitivity and specificity 

Commonly used for estimating analytical 
sensitivity and specificity, may also be applicable 
for estimating diagnostic sensitivity in samples 
around the limit of detection, or at 
concentrations expected in the environment. 
Sample matrix for spiked samples should be free 
of the target of interest prior to spiking 

Novel modelling 
methods 

May be applicable but not commonly 
used 

May be opportunities for some pests/assays, for 
example as described by Furlan. See Furlan et al, 
[2016] for more information  

 





https://www.ncbi.nlm.nih.gov/pubmed/26536842
https://www.ncbi.nlm.nih.gov/pubmed/26536842
https://publications.csiro.au/rpr/pub?list=BRO&pid=procite:bc1ca325-a9a2-40e4-8df3-a6c2a5a38ba7
https://publications.csiro.au/rpr/pub?list=BRO&pid=procite:bc1ca325-a9a2-40e4-8df3-a6c2a5a38ba7

