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Abstract
We consider the applicability of using newly developed methods for the detection of aquatic patho-
gens with a focus on Gyrodactylus salaris as a model species. Whilst there is huge potential for the 
method to be used in detection of pathogens, it is probable that the technique is currently limited 
by a lack of data on shedding rates and survival of infectious agents as well as a lack of data on 
stability of pathogen DNA under different environmental conditions. Future work should address 
some of these gaps in our knowledge prior to full implementation of the proposed approach for 
pathogen detection in the absence of disease manifestation.

Introduction
The continued development of increasingly 
sensitive molecular diagnostic techniques has 
allowed the detection of extremely small quan-
tities of genomic DNA for pathogen detection 
in tissue samples and body fluids, down to 
the equivalent of single organisms per gram 
of tissue. New DNA technologies, such as next 
generation sequencing and array-based multi-
plex assays have also been successfully used in 
the discovery of new organisms and in envi-
ronmental samples such as seawater, soils and 
animal and plant tissues (Harvey et al., 2009; 
Lievens et al., 2011). The potential for detec-
tion of specific pathogens in aquatic systems, 
although highly a�ractive for studies in disease 
ecology, has not been widely recognised. This 
note provides a critical assessment of their use 
and highlights situations where they will be of 
benefit for pathogen detection.

Ficetola et al. (2008) described a methodology 
to assess species distributions in freshwater 
ecosystems that involves amplifying short mito-
chondrial DNA fragments from water samples 
taken in areas where bullfrogs (Rana catesbe-
iana) were expected to be found. The method-
ology was developed through a combination 
of experimental and field based approaches to 
detect 79bp DNA fragments of mitochondrial 
cytochrome-b specific for the bullfrog. Field 
validation of the methods were carried out 
at ponds ranging in surface area from 1000 to 
10000 m2 including ponds with low densities 
of bullfrogs (only 1-2 adults seen), ponds with 
high densities of bullfrogs (dozens of adults 
and thousands of tadpoles) and ponds where 
bullfrogs had never been seen.

Positive DNA amplifications of the fragments 
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remaining in the environment were achieved 
in those sites where bullfrogs had been pre-
viously recorded. More importantly in those 
sites deemed negative for bullfrogs, no DNA 
was amplified. At all positive sites, DNA was 
amplified from at least 2 out of the 3 water 
samples. Ficetola et al. (2008) considered that 
the methodology, which relies on the persist-
ence of DNA in the environment, rather than 
direct detection of the organism and its inherent 
DNA, could be used to determine the presence 
of bullfrogs (and other animals) in situations 
where traditional census techniques provided 
poor quality results and / or sampling effort is 
large or in areas where minimal disturbance of 
the habitat is required.

Non-invasive approaches similar to that under-
taken by Ficetola et al. (2008) have been applied 
to other studies, predominately of mammals 
(Beja-Pereira et al., 2009; Haile et al., 2009; 
Harvey et al., 2009; Janzen et al., 2009; Pegard et 
al., 2009; Valentini et al., 2009). To date however, 
the specific methodology of directly screening 
water for short DNA fragments have rarely 
been used as a non-invasive approach to detect 
the presence of parasitic, viral and bacterial 
pathogens of aquatic animals. Several studies, 
particularly for the detection of fish bacteria, 
advocate the culture and subsequent amplifi-
cation of DNA from the sample (Audemard et 
al., 2004; Beran et al., 2006; Whipps et al., 2007, 
2008), negating the utility of sampling water 
directly for the presence of DNA fragments 
released from the target species, even a�er that 
species is no longer present. The application of 
quantitative PCR (qPCR) to detect parasites such 
as myxozoans and digeneans in water relies 
on the amplification of DNA directly from the 
parasite in the water sample (Halle� and Bar-

tholomew, 2006, 2009; Griffin et al., 2009, 2010). 
In addition, whilst the amplicon in many cases is 
small (70-120 base pairs), others produce a much 
larger amplicon in excess of 400bp (McBeath et 
al., 2006; Griffin et al., 2010).

If screening of water samples for DNA frag-
ments was found to be equal or even superior 
in its ability to establish presence or absence 
of a pathogen in aquatic animal populations 
compared to sampling approaches that involve 
lethal sampling, such methods may have appli-
cations in the control or management of exotic 
or non-exotic diseases. Ficetola et al. (2008) 
recognise some of the shortcomings of their 
approach, including limitations on the amount 
of DNA present being affected by water volume, 
size and density of the organism and volume 
of secretions. Whilst they point out that data 
on length of persistence of DNA in water is 
lacking it is known that short DNA fragments 
of 380bp may persist in freshwater at 18°C for 
a week and plamids for up to a month in saline 
water under axenic conditions (Borin et al., 2008; 
Matsui et al., 2001). Dejean et al. (2011) consider 
that whilst environmental DNA persisted for 
up to one month, they were only reliably able 
to amplify short sections of DNA up to 2 weeks 
a�er shedding into the environment under 
field conditions. Even with these constraints, 
the novelty of detecting DNA fragments in the 
environment in the absence of the target species 
appears to have merit.

This manuscript critically evaluates the po-
tential application of this non-invasive DNA 
sampling approach in the detection of aquatic 
diseases, using Gyrodactylus salaris as a model 
species given its importance in wild and farmed 
salmonids across Europe.
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Potential use for areas suspected or 
known to contain G. salaris
Gyrodactylus spp. of concern for freshwater 
salmonids are small (approximately 0.5mm 
long), ectoparasitic monogeneans occurring 
on most surfaces of the fish host. Production 
of progeny is via viviparity and may occur as 
a result of sexual or asexual reproduction with 
the potential for clonal animals to be produced. 
Mitochondrial DNA as well as other DNA com-
ponents are important in species identification, 
particularly for cryptic species or strains of 
salmonid gyrodactylids (Zietara et al., 2010).
The main premise of using non-invasive water 
sampling and DNA amplification to detection 
of any organism is that target genomic material, 
the DNA, or cells containing the genetic mate-
rial will be shed into the environment through 
normal sloughing of tissues (Beja-Pereira et al., 
2009; Pegard et al., 2009). For gyrodactylids this 
may occur through the release or sloughing of 
cells from the parasite into the water via loss 
of epithelial cells or in excretory products, or 
intact gyrodactylids that have become detached 
from their host.

It is assumed that gyrodactylids continually re-
plenish epithelial cells. Whilst Cable and Harris 
(2002) consider that limited damage occurs to 
the parent when giving birth to live young, it 
is likely that some mother and daughter cells 
(and thus DNA) will be ruptured and released 
into the environment. The high fecundity and 
rapid production of progeny known to occur for 
gyrodactylids potentially increases the volume 
of DNA present (Appleby and Mo, 1997; Cable 
et al., 2000; Olstad et al., 2009). Therefore, it is 
theoretically possible to detect extraneous DNA 
from gyrodactylids although work would be 
needed to determine minimum detection limits 

of shed gyrodactylid DNA in water samples.
Detection of intact individuals off the host 
would initially appear a�ractive given that 
water filtration-based methods already exist 
to detect other parasites such as Cryptosporid-
ium sp. in water samples (Jiang et al., 2005). 
However, gyrodactylids generally do not 
possess the ability to actively swim and thus, 
other than those recently removed from the host, 
are likely to be distributed in waters close to 
or directly a�ached to the benthos. It is widely 
recognised that the presence of sediment or dis-
solved organic ma�er in the water column can 
interfere with DNA amplifications. Advances in 
methodologies for the extraction and amplifica-
tion of DNA from samples contaminated with 
organic material or sediments may negate some 
of these issues in the future.

Survival of gyrodactylids off the host at 18°C 
is 1 day and 4 days at 3°C. Survival on dead 
hosts at 18°C increases to 3 days (Olstad et al., 
2006). Data on numbers of gyrodactylids lost 
from hosts, either deliberately or accidentally 
and the drivers for this are lacking and thus an 
estimation of the potential numbers of gyrodac-
tylids likely to be present in the water column 
is not possible. The lack of data on persist-
ence of gyrodactylid DNA following death of 
the parasite needs further investigation. The 
relative biomass of the parasite compared with 
other sources of DNA in aquatic ecosystems are 
such that if gyrodactylid DNA were detected, 
then it is probable that the parasite would be 
of sufficiently high numbers for host deaths to 
be recorded.

Under normal circumstances the biomass of 
specific gyrodactylid parasites (their cells or 
DNA) in aquatic ecosystems is highly likely to 
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be dramatically less than that of other aquatic 
organisms unless an epidemic was underway 
where host deaths are likely to be encountered. 
Whilst not noted by Ficetola et al. (2008), it is 
probable that bullfrogs are restricted to the 
lateral margins of lakes, concentrating excre-
tions (and thus DNA) to those areas in “static” 
lakes thereby enhancing the chances of detecting 
DNA. In contrast, the normal riverine habitat 
of salmonids may dilute and remove any DNA 
from an area, limiting the practicality of the ap-
proach to static conditions. It may be possible 
to use the approach under farmed conditions 
(particularly pond culture) where water flows 
through the ponds are comparatively slower 
and host densities are higher. Future and current 
technologies allow for high analytical sensitivity 
but diagnostic sensitivity of the approach pre-
sented by Ficetola et al. (2008) in rivers would 
be expected to be extremely low. Whilst it is 
possible to detect single copy DNA, it does not 
necessarily demonstrate viability of the animal 
in question. In the case of G. salaris however, 
the presence of relevant DNA signature may 
not provide sufficient ground to restrict move-
ments of fish to minimise transfer of parasites 
to other areas.

In summary, the approach may have an appli-
cation in detecting gyrodactylid DNA in static 
conditions but this has to be balanced with the 
knowledge that if DNA is being detected then 
it is likely that parasite numbers would have 
reached levels where mortalities would have 
been reported in wild salmon and thus it has 
limited use in screening water bodies. Whilst 
estimates for sample sizes required to provide 
a 95% confidence to detect G. salaris if it was 
present in a farmed rainbow trout population 
have been suggested (Peeler and Oidtmann, 

2008), the required sample sizes are substantial 
and approaches reducing the sampling effort 
need to be considered. However, based on 
current knowledge, the diagnostic test sensitiv-
ity of testing the suspected host population for 
presence of the parasite is expected to be higher 
compared to testing the environment. Finally, 
there are limited data on persistence of gyrodac-
tylid DNA, limited data on the amount of DNA 
shed from the parasite (if any) and limited data 
on detection limits in relation to the biomass of 
parasites in the water body. These interesting 
challenges would need to be addressed in order 
to fully integrate the approaches proposed as a 
routine methodology.

Potential use for other diseases and 
disease agents in aquatic systems
The main disease agents of concern in fish (and 
shellfish) are viruses, bacteria, fungi and para-
sites. As with applicability to gyrodactylids, it 
is likely that the methods proposed will have 
limited utility in riverine systems simply due 
to the dilution effect of rivers, unless continu-
ous monitoring is applied, which could rapidly 
become prohibitive in terms of cost and time. 
Furthermore, few low-cost technologies exist 
to allow constant monitoring of DNA in water 
samples which would be needed to maximise 
detection. The application of the method to 
examination of sediments for the presence of 
diseases agents may mitigate against some of 
these concerns.

Viruses can be constantly shed into the envi-
ronment from fish, usually via the urine and 
on death of the host (Gregory et al., 2009; Ur-
quhart et al., 2008; Van Nieuwstadt et al., 2001; 
Yuasa et al., 2008) and thus it may be possible 
to detect virus DNA in the water using the pro-
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posed approach. Gregory et al. (2009) showed 
that the limit of detection for infectious salmon 
anaemia virus (ISAV) in water by RT-PCR was 
500 infectious units per ml which would suggest 
that suitable methods may already be in place. 
However, in a large body or a slow flowing river 
system the dilution effects might be such that it 
is unlikely that detection level would be reached 
before there was evidence of large fill kills.

Bacteria may be released from both living 
animals and dead individuals and in either 
case would remain viable for a number of days 
or weeks (Whipps et al., 2007, 2008). Over time 
they may also develop resistant stages. Thus 
using an environmental DNA approach for 
bacteria may lead to problems as it may be 
unclear whether the method was detecting 
bacteria from living or dead hosts or detecting 
resistant (but viable) bacteria in an ecosystem 
devoid of suitable hosts.

Use of non-invasive sampling for detection of 
parasites that use more than one host in their 
lifecycle may be possible but again there are 
limitations. It is unlikely that any stages outside 
of a host are likely to excrete or slough epithelial 
cells since they are non-feeding. Parasites oc-
curring coelozoically in the host may produce 
a positive signal if sufficient DNA is released 
but those occurring histozoically are unlikely 
to. Unlike Gyrodactylus spp., some parasite 
transmission stages will actively swim and 
may be collected in water samples. However, 
knowledge of circadian rhythms of release or 
movement in the water may be required to 
maximise return. Furthermore, the overdis-
persed nature of parasites in their hosts and the 
tendency to aggregate in certain areas will affect 
the chance of collecting parasites in a water 

sample. However, since parasites using multiple 
hosts can generally have protracted lifecycles, 
the method may have use in early detection of 
infections or could be used to detect the pres-
ence of cryptic intermediate hosts known to 
carry the infection.

Given that preservation of DNA appears to be 
be�er in salt water compared with freshwater, 
consideration should be given to testing the 
use of the methods in marine systems (Borin 
et al., 2008; Matsui et al., 2001). Dilution effects 
could be mitigated by restricting the technique 
to shallow water areas such as lagoons or estuar-
ies with variable water exchange. Dejean et al. 
(2011) suggest that sampling and subsequent 
analysis must be conducted under rigorously 
controlled conditions. This includes ensuring 
that any primers utilised are both robust and 
reliable, being tested on high quality DNA 
and with optimised PCR conditions. Extrac-
tions should be carried out in stringently clean 
laboratories with limited chance of cross-con-
tamination and should include positive and 
negative controls. Methods must be adapted 
to the different environments to include for 
example the pumping and filtration of water 
samples to increase DNA collection (Dejean et 
al., 2011; Jerde et al., 2011).

Although the use of non-invasive or non-lethal 
diagnostic methods is generally an avenue 
worth following, the diagnostic test sensitiv-
ity of using environmental samples compared 
to testing the host would be expected to be 
inferior. In the context of notifiable pathogens, 
a positive PCR result from an environmental 
sample based on a short PCR fragment would 
be unlikely to be sufficient evidence to justify 
enacting the full suite of control measures. The 
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method presented by Ficetola et al. (2008) am-
plifies a very short fragment of DNA (79 bp – 
including primer sequence). Such an approach 
is required to enable the detection of target DNA 
within a heavily degraded sample. However, the 
consequences of introducing control measures 
and enacting eradication plans are substantial 
and it is questionable whether an assay – if 
developed for G. salaris – would ever achieve 
the required test sensitivity and specificity to be 
a reliable tool. This is particularly important as 
the approach has been developed essentially to 
detect DNA of the target organism even when 
it is not present. Thus, it may be that measures 
are put in place to restrict movements of fish or 
shellfish on the basis of a positive result when in 
fact the pathogen is no longer present or indeed 
viable. The current approach for detecting G. 
salaris involves sampling of the physical parasite 
that allows for an additional diagnostic step 
(morphology), which can corroborate the PCR 
test result. Thus careful consideration would 
need to be given about the legislative stance to 
be taken in the event of a positive result using 
environmental DNA studies.

Conclusions
The utility of non-invasive sampling of environ-
mental samples for detecting pathogen nucleic 
acid shows huge potential as it appears cheaper, 
more rapid and more sensitive compared with 
traditional approaches and any water samples 
collected can be further processed for other 
molecular tests. However, the technique may be 
currently limited by the lack of data on shedding 
rates of DNA from selected parasites, by the 
low biomass of pathogens (particularly patho-
genic viruses) in comparison to the other biota 
and by the wide range of other methods cur-
rently in use that have applicability in disease 

detection. Confirmation of the specificity and 
sensitivity of the approach would need to be 
obtained which may require spatio-temporal 
data to be obtained for each species of concern. 
Even with the advent of pyro-sequencing and 
micro-arrays to detect multiple species, this 
may involve detailed studies. The lack of data 
on viability and longevity of pathogen DNA 
in the environment and lack DNA sequences 
of each pathogen needs to be addressed before 
the methodology can be used routinely; for 
many species or pathogen groups, this data 
appears to be lacking. Clearly the biological 
relevance of any DNA signal detected needs 
to be considered so that any results obtained 
are confirmed through comparative surveys to 
confirm the presence of the biological agents. 
This would need to include the use of standard 
tests to confirm presence of the pathogen in the 
relevant host and expression of disease. Further 
work is needed to fill some of the knowledge 
gaps.
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