Evaluating the
diagnostic methods

for acute
gastroenteritis

Acute gastroenteritis is one of the most common causes of morbidity and mortality worldwide.” The highest
prevalence is seen in non-industrialised countries, as diseases are most frequently transmitted in poor hygienic
conditions or by consuming contaminated food or water.? However, acute gastroenteritis is still common in
both low- and high-income countries.? Symptoms and complications of acute gastroenteritis have led to a
considerable disease burden due to growing health system use and productivity loss.? For example, in the
Netherlands and Belgium, annual direct medical costs of acute gastroenteritis amount to €945 million and
€112 million respectively.3“ Similarly, in Finland, productivity loss and the associated cost of lost workdays has
been estimated at €1.8-2.1 million with the prevalence of participants on sick leave recorded at 3.54 times
higher in the week following an outbreak.

Acute gastroenteritis is responsible for 1.45 million deaths worldwide

Gastroenteritis is a transient disorder and can be caused by a multitude of different viral, bacterial, and
parasitic pathogens.® Norovirus is the most common pathogen responsible for acute gastroenteritis in the
United States followed by Salmonella spp., Shigella spp., and Shiga toxin-producing E. coli (Figure 1).
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Figure 1. Percentage of responsible pathogen for single-agent outbreaks of acute gastroenteritis in the United States from 2013

Although there has been a reduction in bacterial and parasitic infections achieved via improvements in
sanitation, the increases in diarrhoea-related hospitalisations attributed to viral acute gastroenteritis have
reached concerning levels with about 43% of childhood diarrhoea samples from developing countries
containing at least one viral agent.”

Acute gastroenteritis is characterised by the sudden onset of diarrhoea, presenting with or without vomiting.
Acute gastroenteritis is typically a self-limiting disease and most healthy individuals recover within a few days.
However, complications can prove fatal for very young or very old patients.® Complications include, but are
not limited to, dehydration and electrolyte disturbance, acute kidney injury, sepsis, and haemolytic uraemic
syndrome.® Diarrhoea is the second leading cause of death in children younger than 5 years of age
worldwide.® There are 1.7 billion cases of diarrhoea and 1.45 million deaths as a result of acute gastroenteritis
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recorded globally every year.!?



Rapid testing is vital

As infants and the elderly are particularly susceptible to complications arising from acute gastroenteritis,
rapid provision of test results helps guide medical professionals to the appropriate treatment type for critical
care patients.? Furthermore, given the highly infectious nature of the disease, hospitals find themselves short
of isolation facilities. Beds are limited and are in over demand for non-infectious patients, let alone for
patients requiring isolation to prevent the spread of gastroenteritis.'

Rapid testing for gastrointestinal infections may reduce the time spent in isolation for some patients,
therefore reducing overall associated burden. Several diagnostic techniques are currently in use aiming to
improve patient management and avoid deadly consequences of acute gastroenteritis. In the next section,
we will review them and highlight their key benefits

Conventional diagnostic techniques vs molecular testing

Conventional diagnoses of enteric gastrointestinal infections have relied on three main techniques:
microscopy examination, culture and antibiotic susceptibility testing, and antigen detection using
immunoassays.”? These methods involve several stages and procedures so that results can take up to 3 days
to become available.’ For vulnerable patients, such as infants, health can decline rapidly in the face of
infection, so, when time is a factor of determining survival, speed of diagnostic techniques is imperative. Each
conventional diagnostic technique has advantages and disadvantages in a clinical setting.

Sensitivity disparities for parasites and virus detection

Microscopic examination remains the standard for laboratory confirmation of parasitic infections .'2 slide
microscopy enables skilled technicians to visibly count the number of parasites and enables quick monitoring
of the effectiveness of a given treatment."?

Although microscopy has been credited as providing rapid results, this refers to handling one sample at a
time. This becomes a problem on a larger scale in a clinical setting when multiple samples are in question.
Diagnostic accuracy also is dependent on the quality of the smear and equipment and ability of the
microscopist.’> Molecular diagnostic platforms are available that can batch up to 24 samples within 3 hours
and require less than 2 minutes of hands on time per sample.?

Electron microscopy (EM) remain the reference method for the diagnosis of viral acute gastroenteritis and
polyacrylamide gel electrophoresis (PAGE) was successful in detecting rotavirus infections.” However, when
tested on the detection of norovirus, EM was recorded as having 58.3%“ sensitivity which can cause false
results. A sensitivity of 90% or higher reduces the risk of false results. This risk can be mitigated by using
alternative techniques such as PCR which showed a sensitivity of 94.1%." As well as being slow and variable
in accuracy, microscopy, EM and PAGE are known for being labour intensive, requiring specialised equipment
and experienced laboratory technicians. 2!’

Furthermore, low positive yield of pathogens is common problem using these conventional techniques.
Previous studies have indicated a positive yield as low as 2.4% in stool cultures and even lower rates of 0.1%
from intensive care patients." Even after concentration, the minimal number of viral particles present in stool
samples make direct EM fairly insensitive.’

In an effort to improve the sensitivity of EM for viral acute gastroenteritis, immune EM (IEM) was introduced
which relied on specific antibodies or immune sera being added to the sample to enhance the detection of
the virus.” The associated clumping that occurs in the presence of a specific antibody greatly improves
diagnostic capability.” However IEM also requires high technical expertise and is only useful for samples
collected during the very early stages of the infection.”



Problems with using culture for diagnosis of acute gastroenteritis

There are more severe cases of infectious diarrhoea caused by bacteria than any other infectious
aetiology, with one study identifying a bacterial origin in 87% of cases.' There are three common bacteria
that can routinely be identified in stool cultures: Salmonella, Campylobacter, and Shigella.’® However,
there are some microorganisms that cannot be easily cultured in the laboratory or require specific
conditions that, if not met, will result in in failure to detect the pathogen. Another major issue is concerning
long diagnostic timescales. For example, detection of Shigella by culture is possible but should be avoided
for primary diagnosis due to the long turnaround times of up to 5 days.>'® Samples will need a long
incubation time and many factors affect the sensitivity of the result including type and quality of
specimen, the age of the patient, appropriate transport, and culture media.” The ability for cultures to
identify pathogens has been scrutinised over the years. One study compared pathogen detection using
conventional methods, including culture, versus multiplex real-time PCR on 182 patients with diarrhoea.
The study found that significantly more pathogens were detected using the multiplex panel (58.3%)
compared with conventional stool studies (42.3%)."” In addition to this a statistically significant difference
in the test reporting time, with the multiplex panel confirming diagnosis at an average of 25 h after
visiting the hospital, this reduced to 4 hours during working hours."” Either way, the reporting time was
significantly shorter than when using conventional methods, which took an average of 72 h.”

Considering this data and COVID-19 testing being at the forefront of healthcare, should we anticipate
molecular diagnostic testing becoming a main form of testing in the future, with laboratories having
higher capacity for molecular diagnostic tests?

Advances in molecular diagnostics allow for a targeted diagnosis of acute gastroenteritis

The introduction of Nucleic Acid Amplification Tests (NAATS) bridged the gap between conventional
methods of diagnosis and the higher performing molecular diagnostic (MDx) techniques. NAATs have
been consistently shown to be more sensitive and specific compared to non-nucleic acid-based methods.
For viral acute gastroenteritis, diagnosis can be made more quickly in the course of the infection even
when there are low levels of viral shedding.” NAATs identify the pathogen in question irrespective of
culture constraints and demonstrate good reproducibility between laboratories.'®

MDx testing in symptomatic individuals has become increasingly sophisticated over the past 20 years and
these diagnostic tools for infectious acute gastroenteritis have undergone several innovations from
scatological cultivation to next-generation sequencing (NGS)." NGS is characterised by the ability to
sequence mixed DNA or RNA genomes rapidly and intensely and has already had a substantial impact on
our understanding of the epidemiology of many diarrhoea-associated pathogens.

Commercially available MDx based assays have changed the way laboratory diagnosis of enteric
infections are performed.? Although reagent and instrument costs are higher for real-time PCR technology
compared to conventional techniques, the level of automation that comes with this technology
significantly reduces hands-on time per specimen to as little as two minutes.? The automated efficiency
makes this kind of targeted MDx far less labour intensive compared to traditional techniques.

PCR tests have been shown to consistently result in high diagnostic values with >90% sensitivity and close
to 100% specificity.’ Multiplex PCR-based testing simultaneously evaluates stool specimens for the
presence of multiple pathogens, whereas single PCR-based platforms target specific pathogens.' Highly
multiplex panels do run the risk of provided false-positive results in the case of rare pathogens.’ In
addition, it is important that these platforms are integrated and do not require separate nucleic acid
extraction and post-PCR handling in order to prevent contamination and false positives.”? When these
criteria are met, a targeted syndromic approach can be used to test several pathogens known to cause the
same syndrome in patients.

Compared to single PCR-based platforms, integrated multiplex platforms have a significant effect on
patient management.?? Multiplex platforms have the potential to identify pathogens faster, allow early
initiation of targeted antibiotics, alter management of antimicrobials, and thus optimise infection
control.?0
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