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Epidemiologists study the transmission of disease in populations by 
measuring the frequency of both disease and death from the disease using 
diagnostic tests to distinguish individuals who are sick from those who are 
healthy.  The best way to know with certainty that an organism is present is 
to see it!  In the case of Ichthyophonus this can be accomplished by 
several well established diagnostic techniques:  1) It can be seen directly 
by examining fresh fish tissues under a microscope, 2) It can be seen in 
stained histology slides or 3) It can be seen in culture where it grows from 
infected tissues.  As with any diagnostic tool, none of these methods is 
100% accurate, but some are significantly more accurate than others.  The 
greatest source of error results from sampling fish with low levels of 
infection (e.g. very few parasites per unit of tissue examined).  
Consequently, direct tissue examination and histology are most accurate in 
measuring infection prevalence when the number of parasites is high, 
while they are more likely to miss some positive infections when the 
number of parasites is low.  In vitro culture has an advantage in that it uses 
a relatively large piece of suspect tissue, thus increasing the probability of 
having a parasite cell present in the sample.  In addition, the parasite 
replicates in culture, thereby increasing the number of organisms and thus 
the probability of seeing the parasite. 
 
The advent of highly sensitive molecular techniques in recent years has 
led a number of investigators to use them as diagnostic tests for the 
detection of low levels of infectivity and estimating the infection prevalence 
in a population.  One such technique is PCR (polymerase chain reaction), 
which detects the presence of nucleic acid (DNA or RNA) by amplifying 
very small amounts of existing nucleic acid.  Although this technique is 
extremely sensitive for detecting nucleic acids it has met with criticism as a 
suitable method for evaluating infection prevalence.  If PCR is so 
exquisitely sensitive how could it not be ideal for detecting infection 
prevalence in a population?  
 
First, what is meant by “prevalence” (not to be confused with “incidence”)?  
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“Prevalence is defined as the number of infected fish present in the 
population at a specific time, divided by the number of fish in the 
population at that time”.  Implicit in this definition is that the host species is 
infected with a live pathogen. 
 
Second, what is PCR? 
“In molecular biology, the polymerase chain reaction (PCR) is a 
technique to amplify a single or few copies of a piece of DNA across 
several orders of magnitude, generating millions or more copies of a 
particular DNA sequence”. 
 
Specifically missing from the definition of PCR is the need for a whole or 
intact organism to be present.  In fact, PCR is used extensively to identify 
the organism of origin when only a few cells or even just fragments of DNA 
are present in the sample e.g. blood cells to distinguish between human 
and animal origin; DNA on ancient stone weapons to identify animals or 
humans that were killed by the weapon; contaminated food to identify the 
microbial contaminant (E. coli). The strength of the PCR procedure is its 
ability to identify very small amounts of DNA without the need for the donor 
organism to be present.   
 
Dr. Patricia Stanley expressed concern over the misuse of this highly 
sophisticated technique in a letter to the American Journal of Infection 
Control, where she points out why the presence of DNA/RNA in a system 
does not prove the presence of viable, infectious or potentially pathogenic 
organisms.  Her letter points out that surfaces that had been disinfected 
with heat or chemical agents had no viable or infectious organisms 
present, yet their residual DNA could be detected by PCR (Appendix I).   
 
Similarly, controlled studies by Birch et al. (2001) compared PCR with 
traditional culture methods and found that non-viable (e.g. dead) bacteria 
could be found on sterilized surfaces for up to 30 hours post death, and 
suggested caution when using molecular techniques to evaluate viability of 
microbes (Appendix II).  Similar results were obtained by Sheridan et al. 
(1998), who used heat and alcohol killed E. coli as a test organism 
(Appendix III). 
 
Even though PCR cannot determine if an organism is alive or dead, or is 
merely a contaminant, a number of reports have been published in the 
scientific literature describing the use of PCR as a method of determining 
infection prevalence in wild populations.  With few exceptions, these 
studies were not able to accurately determine false negatives because of 
reliance on wild-collected hosts whose history of infection was unknown.  
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One such group of studies involved the evaluation of malaria infections in 
wild birds.  Concern over the accuracy of these prevalence reports 
prompted USGS personnel to conduct a controlled study to evaluate two 
PCR methods as diagnostic tools for identifying sub clinical (aka chronic) 
infections in birds (Jarvi et al. 2002).  In this study the authors 
experimentally infected birds with malaria, sampled them to confirm that 
they were infected, then reinfected them a second time.  Malaria is an 
organism, like Ichthyophonus, that infects highly vascularized tissues, 
becomes sub clinical, lasts for the life of the host and is often almost 
impossible to microscopically detect in the blood.  Once the birds in this 
study became chronic carriers (sub clinical), they were subjected to 
several diagnostic testing methods, including PCR.  The findings were that 
PCR was only able to detect 61-84% of the known infected birds while 
serology detected 98%, leading the authors to suggest that the technique 
significantly underestimates the true prevalence of infection in wild 
populations (Appendix IV).   
 
The significance of this PCR-malaria study lies in the fact that the authors 
knew with certainty how many of the experimental animals were infected 
(100%) before the PCR tests were conducted, thus allowing them to 
accurately evaluate the sensitivity of PCR in detecting the proportion of 
infected individuals (aka “infection prevalence”).    
 
A similar study on Ichthyophonus infection prevalence was conducted on 
Yukon River Chinook salmon (Whipps et al. 2006).  In this study the 
“sensitivity” and “specificity” of PCR for detecting infection prevalence was 
evaluated over a two-year period (Appendix V).  To determine “sensitivity” 
the true Ichthyophonus infection prevalence of Yukon River Chinook 
salmon was determined using in vitro culture of tissues and histological 
evaluation of tissues.   These values were then compared with results 
obtained using PCR. The results of this study showed that PCR detected 
25% of known lightly infected muscle samples and 64% of known lightly 
infected heart samples.  Heavily infected muscle was accurately detected 
79% of the time and heavily infected heart was detected 98% of the time,  
thus showing a low level of sensitivity for detecting known infected 
individuals (e.g. false negatives), especially those with low-level infections.  
These accuracy values are similar to those obtained from malaria-infected 
birds (previous paragraph).  The “specificity” of the test was able to confirm 
known Ichthyophonus-negative fish 94-100% of the time – that is, very few 
false positives.  
 
As an example of how easily an infection of Ichthyophonus can be missed 
by PCR analysis is seen in Appendix VI.  Three salmon with gross (e.g. 
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visible) Ichthyophonus lesions on their heart were simultaneously sampled 
for both histology and PCR.  The three examples show that infections that 
are both visible to the naked eye and microscopically confirmed to be 
Ichthyophonus, can be totally missed by PCR analysis.    
 
Conclusion: Based on the above studies it is clear that PCR is not a 
suitable diagnostic tool for evaluating either viable pathogens within an 
infected host, or infection prevalence within a population of wild fish.  Any 
data from studies that use PCR as the sole diagnostic method for 
evaluating infection prevalence should be considered suspect unless 
confirmed by a more reliable diagnostic technique. 
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Appendix V.   (from Whipps et al.  2006) 
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Appendix VI  (from Rapids Research Center; 2006 data) 
http://www.rapidsresearch.com/html/Ichthyophonus_disease.html 
 

 
 
 
 
 


