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SUMMARY

A panel of 223 faecal samples was analysed to determine the clinical utility of the Seeplex™
Diarrhea ACE Detection multiplex PCR system (Seeplex system; Seegene, Korea), a qualitative
multiplexing PCR technology that enables simultaneous multi-pathogen detection of four viruses
and/or ten bacteria associated with acute gastroenteritis. Conventional diagnostic methods and a
norovirus-specific multiplex real-time RT-PCR detected 98 pathogens in 96 samples. The Seeplex
system detected 81 pathogens in 75 samples. All samples positive for adenovirus, norovirus,
Campylobacter spp., Escherichia coli O157, Shigella spp. or Vibrio spp. were detected by the
Seeplex system. Rotavirus, Clostridium difficile toxin B, and Salmonella spp. were not detected in
12:5%, 50 % and 15-8 % of samples, respectively. Additional multiple infections were detected in
19 samples by the Seeplex system. The Seeplex system provides significant additional diagnostic
capability for the syndromic diagnosis of acute gastroenteritis with increased sensitivity for the
majority of pathogens.
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INTRODUCTION Campylobacter jejuni, is the most frequently detected
bacterial species among enteric pathogens with
500000 cases and 80000 GP consultations annually
[1]. Most infections are sporadic and may be linked
to the ingestion of contaminated poultry, milk, or
water. The genus Salmonella comprises two species,
S. enterica and S. bongori, which have more than
2500 serotypes or serovars. S. enterica with its six
subspecies is of most clinical relevance for humans.

Most Salmonella infections are confined to the

Acute gastroenteritis is associated with bacterial, vir-
al, and parasitic infections. It is estimated that there
are up to 17 million sporadic, community cases of
infectious intestinal disease (IID) and 1 million
General Practitioner (GP) consultations annually in
the UK [1]. Campylobacter spp., predominantly
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gastrointestinal tract. Enterotoxigenic Escherichia
coli, such as E. coli O157, are associated with bloody
diarrhoea and haemolytic uraemic syndrome and are
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transmitted via contaminated food and water or the
ingestion of undercooked meat contaminated by an-
imal faeces. Clostridium (Cl.) difficile is the most
common cause of antibiotic-associated colitis and is
typically hospital acquired. The bacteria secrete both
a cytotoxin and an enterotoxin.

Rotavirus and norovirus are the most common
viral enteric pathogens. Rotaviruses are a major cause
of acute gastroenteritis in children aged <35 years
worldwide [2], while noroviruses are the leading cause
of epidemics of gastroenteritis and an important cause
of sporadic gastroenteritis in both children and adults
[3], accounting for 3 million cases and 130000 GP
consultations annually [1]. Noroviruses, which are
spread directly from person to person or via con-
taminated food, water and environmental surfaces,
are associated with outbreaks in semi-closed com-
munities such as hospitals, nursing homes, cruise
ships, and hotels [4-8].

Giardia intestinalis, a flagellate protozoan, and
Cryptosporidium parvum, a coccidian protozoan, are
associated with gastroenteritis. Indirect person-to-
person or zoonotic transmission may occur through
the ingestion of contaminated food, drinking or rec-
reational water [9—13].

Conventional diagnostic methods for routine de-
tection of enteric pathogens within the clinical
microbiology setting rely on microscopy, culture, and
enzyme immunoassays. Protozoa are detected by di-
rect microscopy and antigen detection, whereas bac-
teria are detected through culture, with or without
enrichment, and pathogen-specific toxin detection
and viruses by viral antigen and genome detection.
Bacterial culture may take 48-96 h and commensal
flora may overgrow a pathogen while biochemical
tests may be unreliable as not all strains within a
species may share the same biochemical character-
istics and cross-reactivity may be present when sero-
logical techniques are used. Microscopy and antigen
detection for parasites and viruses may lack sensi-
tivity, particularly in samples taken several days after
the onset of the illness.

Molecular methodologies based on polymerase
chain reaction (PCR) and reverse-transcription
(RT)-PCR provide powerful tools [14], which have
markedly improved the detection of enteric pathogens
[15]. These methods are rapid, have increased or
equivalent sensitivity compared to culture, antigen
detection or direct microscopy [14, 16-21], are less
labour intensive, and do not require viable organisms,
but are generally limited to the detection of a specific
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viral, bacterial or parasitic pathogen [17, 19, 21-27].
However, new molecular technologies are emerging
for use within the routine setting, which enable the
simultaneous detection and identification of multiple
groups of enteric pathogens [28, 29], which in combi-
nation with automated systems available for nucleic
acid extraction, PCR reagent preparation, and assay
set up allow high sample throughput. In addition,
PCR products are available for molecular character-
ization allowing speciation, genogrouping or geno-
typing.

This retrospective cross-sectional study compared
routine diagnostic methods including culture, and anti-
gen, toxin and genome detection to the Seeplex™
Diarrhea ACE Detection multiplex PCR system (here-
after referred to as the Seeplex system) (Seegene, Korea),
a new multiplexing PCR technology that enables
simultaneous multi-pathogen detection of four viruses,
nine bacteria and a bacterial toxin using three multiplex
assays, the Seeplex Diarrhea-V, -B1 and -B2 assays.

MATERIALS AND METHODS
Clinical samples and routine diagnostic microbiology

Identification of enteric pathogens was performed at
the Microbiology Department, Norfolk and Norwich
University Hospital using a combination of culture,
antigen detection, toxin detection and genome detec-
tion (Table 1). An initial 10 % suspension of all semi-
formed or liquid faeces was made in 0-1% peptone
water and used to inoculate standard media and
enrichment broths in accordance with UK Standards
for Microbiology Investigations B30 [30], for Cam-
pylobacter spp., Salmonella spp., Shigella spp. and
verocytotoxin-producing E. coli (VTEC) (Table 1). In
addition, faecal specimens were screened for individ-
ual target bacteria or parasites as indicated by clinical
details (Table 1) and in accordance with UK Stan-
dards for Microbiology Investigations B30 and B31,
respectively [30, 31].

Faecal specimens from patients suspected of having
Cl. difficile disease were screened in accordance with
UK Standards for Microbiology Investigations B10
[32] using two commercial enzyme immunoassays.
The C.DIFF CHEK-60" test (TechLab, USA) was
used as a screening test to detect CI. difficile antigen,
glutamate dehydrogenase while the TOX A/B QUIK
CHEK™ test (TechLab) was used to detect CL. difficile
toxins A and B in specimens that were positive by the
C.DIFF CHEK-60 test.
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Table 1. Target organisms: primary diagnostic methods

Methods

Reference

Bacteria
Salmonella spp.*

Shigella spp.*
Campylobacter spp.*
Escherichia coli O157*

Clostridium difficile
Yersinia enterocolitica*
Vibrio spp.*

Aeromonas spp.

Clostridium perfringens*
Protozoa

Cryptosporidium spp.

Ova, cysts and parasites*

Viruses
Adenovirus
Rotavirus
Norovirus

Direct plating — xylose lysine deoxycholate (XLD) agar. Enrichment
culture — mannitol selenite broth and subculture onto XLD agar

Direct plating — XLD agar

Direct plating — modified cefeoperazone, charcoal deoxycholate (CCD) agar

Direct plating on cefixime tellurite sorbitol MacConkey (CT-SMAC) agar.
Enrichment in modified tryptone soya broth with novobiocin

C.DIFF CHEK-60 and TOX A/B QUIK CHEK (TechLab, USA)

Direct plating — cefsulodin irgasin novobiocin (CIN) selective agar

Direct plating — thiosulphate citrate bile salt sucrose (TCBS) agar
and alkaline peptone water (APW) enrichment

Direct plating — Aeromonas selective agar

Direct plating — neomycin fastidious anaerobe agar

Stain using auramine-phenol and examined using an incident-light
fluorescent microscope for characteristic oocysts
Direct and concentration microscopy

ProSpecT Adenovirus EZ Microplate assay (Oxoid Ltd, UK)

ProSpecT Adenovirus EZ Microplate assay (Oxoid Ltd, UK)

Primary test: internally controlled, one-step, real-time RT-PCR assay
for norovirus detection and genogrouping

Confirmatory test: RIDA® GENE Norovirus V real-time RT-PCR
(R-Biopharm Rhoéne Ltd, UK)

National standard operating procedure B30
National standard operating procedure B30
National standard operating procedure B30
National standard operating procedure B30
National standard operating procedure B10
National standard operating procedure B30

National standard operating procedure B30

National standard operating procedure B30
National standard operating procedure B30

National standard operating procedure B31

National standard operating procedure B31

Rolfe et al. [33]

* All positive isolates were sent to the relevant reference laboratory and confirmed.

Notes: (1) All patients screened for Salmonella spp., Shigella spp., Campylobacter spp. and Escherichia coli O157, except convalescent cases of previous isolates, and contacts
of positive cases. (2) If clinically indicated, patients who fulfilled any of the following criteria were screened for Clostridium difficile : antibiotic-associated diarrhoea, diarrhoea
in hospitalized patients aged >2 years; pseudomembranous colitis; and diarrhoea in patients aged > 65 years, children with Hirschsprung’s Disease. (3) If clinically indicated,
patients who fulfilled any of the following criteria were screened for Yersinia enterocolitica: acute diarrhoea, mesenteric lymphadenitis, terminal ileitis, pseudo-appendicitis,
septicaemia, metastatic infections, immunological sequelae (e.g. reactive arthritis). (4) If the clinical information indicated a history of foreign travel then specimens were
tested for Vibrio spp. (5) If the clinical information indicated a history of contact with untreated water then specimens were tested for Aeromonas spp. (6) Investigation of
suspected food poisoning caused by Clostridium perfringens was performed if clinical information was relevant, after consultation with medical microbiologist. (7) If
clinically indicated, patients who fulfilled any of the following criteria were screened for Cryptosporidium: symptomatic patients from the community, emergency hospital
admissions; paediatric wards; immunocompromised patients. (8) If clinically indicated, patients who fulfilled any of the following criteria were screened for ova, cysts and
parasites: liquid stools from the community, emergency hospital admissions; paediatric wards; a history of foreign travel; persistent diarrhoea ; eosinophilia; malabsorption
or AIDS. (9) Specimens from children aged <6 years with a history of diarrhoea and vomiting were examined for rotavirus and adenovirus serotypes 40, 41. (10) Norovirus
was only investigated in association with outbreaks in the community and healthcare setting.
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Specimens from children aged <6 years with a
history of diarrhoea and/or vomiting were examined
for rotavirus and adenovirus serotypes 40, 41 using
the ProSpecT™ Adenovirus EZ Microplate assay and
ProSpecT® Rotavirus EZ Microplate assay (Oxoid
Ltd, UK), respectively while faecal specimens from
patients with suspected norovirus were screened using
an internally controlled, one-step real-time RT-PCR
assay developed by Rolfe et al. [33]. Confirmation of
the presence of norovirus in faecal samples, which
were positive in the primary diagnostic test was per-
formed using RIDA®GENE Norovirus V real-time
RT-PCR (R-Biopharm Rhone Ltd, UK).

All isolates of the major enteric pathogens were
submitted to the HPA Centre for Infections for con-
firmation and strain characterization.

Nucleic acid extraction

Total nucleic acid was extracted from 200 ul of a 10 %
faecal suspension prepared in normal saline and
eluted in a final volume of 60 ul elution buffer using
the QIAsymphony™ Virus/Bacteria Mini kit (Qiagen,
UK) on the QIAsymphony® SP instrument (Qiagen),
according to the manufacturer’s instructions.

Reverse transcription

All reverse transcription reactions were performed
using the TagMan®™ RevertAid™ First Strand cDNA
Synthesis kit (Fermentas GmbH, Germany). The re-
verse transcription reaction mix was prepared on ice
by combining 8 ul total RNA, 1 ul of 0-2 ug/ul ran-
dom hexamers and 3 ul nuclease-free water in a reac-
tion tube. The reaction mix was incubated at 80 °C for
3 min before the tubes were placed on ice for 2 min.
Next, 4 ul of 5 x reaction buffer, 2 ul of 10 nm dNTP
mix, 1 ul of 20 U/ul RiboLock RNase inhibitor, and
1 ul of 200 U/ul RevertAid M-MuLV reverse tran-
scriptase were added. The reaction tubes were loaded
into the chamber of a GeneAmp 2400 Thermal Cycler
(PerkinElmer, UK) programmed with the following
cycling parameters: 37 °C for 90 min, 94 °C for 2 min
and 4 °C for 2 min. After thermocycling, the cDNA
was stored at 2—8 °C overnight or at —20 °C for
prolonged storage.

Amplification

A working reaction mix was prepared by combining
4 ul of 5 x primer mixture, 3 ul 8-MOP solution, and
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10 ul of 2 x multiplex master mix. Next, 17 ul of the
working reaction mix were dispensed into 0-2 ul tubes
before 3 ul DNA/cDNA were added. For the negative
control 3 ul Diarrhea ACE negative control was ad-
ded and for the positive control 3 ul Diarrhea ACE
positive control was added. Amplification was per-
formed using a Rotor-Gene 6000 real-time PCR sys-
tem (Corbett Research Ltd, UK) programmed with
the following cycling parameters: 94 °C for 15 min
followed by 40 cycles at 94 °C for 0-5 min, 60 °C for
1-5 min, 72 °C for 1-5 min with a final cycle at 72 °C
for 10 min. After thermocycling, the PCR product
was stored at 2—8 °C overnight or at —20 °C for
prolonged storage.

Seeplex system assays

All samples were retested using three multiplex as-
says, the Seeplex Diarrhea-V, -Bl and -B2 assays,
according to the manufacturer’s instructions. The
Seeplex Diarrhea-V assay permitted the simultaneous
amplification of target DNA/cDNA of astrovirus
(with a PCR product of 650 bp), enteric adenovirus
(411 bp), group A rotavirus (541 bp), genogroup I
and genogroup II noroviruses (304 bp and 214 bp,
respectively). The Seeplex Diarrhea-B1 assay permit-
ted the simultaneous amplification of target DNA of
Salmonella spp. (395 bp) (S. enterica, S. bongori),
Shigella (Sh.) spp. (330 bp) (Sh. flexneri, Sh. boydii,
Sh. Sonnei, Sh. dysenteriae), Vibrio spp. (651 bp)
(V. cholerae, V. parahaemolyticus, V. vulnificus), CI.
difficile toxin B, (476 bp) Campylobacter spp. (227 bp)
(C. jejuni and C. coli). The Seeplex Diarrhea-B2 assay
permitted the simultaneous amplification of target
DNA of Cl. perfringens (700 bp), Yersinia entero-
colitica (580 bp), Aeromonas spp. (217 bp) (A4. salmo-
nicida, A. sobria, A. bivalvium, A. hydrophila), E. coli
O157 (476 bp), E. coli HT7 (370 bp), and VTEC
(291 bp). The simultaneous amplification of both the
476 bp and 370 bp amplicons by Seeplex Diarrhea-B2
assay confirmed E. coli O157:H7 detection. An inter-
nal control (1000 bp) was included in each multiplex
assay.

Analysis of PCR products

PCR products were separated by capillary electro-
phoresis using the MCE-202 MultiNA Microchip
Electrophoresis System (Shimadzu Corporation,
Japan). The MCE-202 MultiNA was used to generate
a size calibration curve by ladder analysis using


https://doi.org/10.1017/S0950268812002622

the DNA-1000 Reagent kit, which was in turn
used to conduct high accuracy DNA size analysis
for 100-1000 bp fragments. The size calibration
curve was interpreted using Seegene Viewer soft-
ware, according to the manufacturer’s instructions

(Fig. 1).

RESULTS

Conventional viral, bacterial, and protozoan
diagnostic tests

For conventional viral, bacterial and protozoan
detection different laboratory testing profiles were
used (Table 1) and 98 enteric pathogens were detected
in 96/223 (43-0 %) samples (Table 2). Multiple enteric
pathogens were detected in two faecal samples.

The Seeplex system

The Seeplex system detected 81 enteric pathogens in
75/223 (336 %) faecal samples, which were tested by
the routine diagnostic testing algorithm (Table 2). All
samples positive in routine diagnostic tests for ade-
novirus, VTEC, norovirus, Shigella spp. Campylo-
bacter spp. or Vibrio spp. were positive using Seeplex
assays. The Seeplex system detected Shigella spp.,
Campylobacter spp. and adenovirus in an additional
six faecal samples, which were previously negative by
the routine diagnostic testing algorithm (Table 2). The
Seeplex Diarrhea-V assay failed to detect rotavirus in
one out of eight positive samples, which was positive
by the ProSpecT Rotavirus EZ Microplate assay. The
Seeplex Diarrhea-B1 assay failed to detect CI. difficile
toxin B in 5/10 samples, which were positive by the
C.DIFF CHEK-60 and TOX A/B QUIK CHEK im-
munoassays, and Salmonella spp. in 3/19 positive
samples (Table 2). The diagnostic sensitivity and
specificity of the Seeplex system relative to the routine
diagnostic testing algorithm for the diagnosis of 11D
caused by enteric pathogens common to both diag-
nostic tests is shown in Table 3. The sensitivity of the
Seeplex system was 100 % for all pathogens common
to both diagnostic tests with the exception of Sal-
monella spp., CI. difficile and rotavirus. This probably
reflects the enhanced sensitivity of the Seeplex system
in comparison to conventional diagnostic methods for
routine detection of enteric pathogens, which rely on
microscopy, culture, and enzyme immunoassays.
Alternative methods to confirm discordant results
were not available with the exception of norovirus.
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An additional 53/223 (23-8 %) enteric pathogens were
identified in faecal samples for which testing was not
performed as part of the routine diagnostic testing
algorithm or not available (Table 4). Interestingly, the
detection of Cl. perfringens in about 10% of faecal
samples tested, none of which met the criteria for
testing in the primary diagnostic algorithm, possibly
reflects the lack of relevant clinical and epidemiologi-
cal information that often accompanies -clinical
samples.

The Seeplex system identified multiple enteric pa-
thogens in 20/223 (9:0 %) faecal samples, which were
previously tested by the routine diagnostic testing
algorithm (Table 5). These included a co-infection
with Shigella spp., and Campylobacter spp. that was
detected by the routine diagnostic testing algorithm.
A second co-infection with Campylobacter spp. and
Cryptosporidium spp. was not detected as no option is
available within the current Seeplex system for detec-
tion of human diarrhoeal parasites although the
Seeplex system detected Shigella spp., CI. perfringens,
Aeromonas spp. in addition to Campylobacter spp. in
this sample. Campylobacter spp., Cl. perfringens, and
norovirus were the most common enteric pathogens
detected in mixed infections by the Seeplex system. An
additional 4/223 (1-8%) samples were positive for
multiple enteric pathogens by the Seeplex system, for
which testing was not performed as part of the routine
diagnostic testing algorithm or not available. These
included a dual infection with norovirus GI and noro-
virus GII, two dual infections with norovirus GII and
Cl. difficile toxin B and a dual infection with nor-
ovirus GII and Aeromonas spp.

DISCUSSION

The plethora of methods for the detection of enteric
pathogens has led to the development of testing pro-
files or algorithms, which attempt to select the most
appropriate laboratory methods to use based on
clinical symptoms, age of the patient, previous anti-
biotic use, travel history, and epidemiology such as
seasonality. Pathogens can be associated with unusual
clinical presentations, may infect out of season, or
clinical information could omit recent travel history,
contact with infected individuals or previously pre-
scribed antibiotics. For these reasons, the aetiological
agents or mixed infections associated with many cases
of acute diarrhoea remain unidentified.

Multiplex PCR has provided a rapid, sensitive,
specific, and cost-effective alternative to traditional
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Fig. 1. Computer generated graphical representation of the results of capillary electrophoresis. The Seeplex Diarrhea-V ACE detection multiplex assay shows sample G3
containing a mixture of genogroup I and genogroup II norovirus amplicons. Sample F7 shows inhibition of the PCR reaction as the internal control (IC) had failed (PCR
inhibitors were removed through re-extraction). The Seeplex Diarrhea-B1 ACE detection multiplex assay shows the positive control (B12) containing amplified DNA from
Campylobacter spp. (CS), Shigella spp. (SSP), Salmonella spp. (SS), Clostridium difficile toxin B (CDT), Vibrio spp. and the IC. Results of sample C4 revealed a mixture
containing amplicons for Campylobacter spp. and C. difficile toxin B.
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Table 2. Performance of the Seeplex™ Diarrhea ACE Detection multiplex
PCR system (Seeplex system) compared to the routine diagnostic testing
algorithm for detection of enteric pathogens

No. specimens

No. specimens with results by

Routine diagnostic

Pathogen tested testing algorithm Seeplex system
Salmonella spp. 201 19 16
Shigella spp. 201 4 7
Campylobacter spp. 201 16 18
Escherichia coli O157 201 2 2
Clostridium difficile 63 10 5
Vibrio spp. 5 1 1
Cryptosporidium spp. 161 5 n.a.
Giardia lamblia 71 10 n.a.
Adenovirus 64 11 13
Rotavirus 64 8 7
Norovirus 14 12 12
Total 98 81

Crytosporidium spp. and Giardia lamblia are not available (n.a.) in the Seeplex

system.

Table 3. The diagnostic sensitivity and specificity of the Seeplex™ Diarrhea ACE Detection multiplex PCR system
(Seeplex system) relative to the routine diagnostic testing algorithm for diagnosis of 1ID. The Seeplex system was
compared to the routine diagnostic testing algorithm as the gold standard for enteric pathogens common to both

diagnostic tests

Concordant Discordant
No. specimens Sensitivity Specificity

Pathogen tested +/+ —/— +/— —/+ (%) (%)

Salmonella spp. 201 16 182 0 3 84-21 100-00
Shigella spp. 201 4 194 3 0 100-00 98-48
Campylobacter spp. 201 16 184 2 0 100-00 98-92
Escherichia coli O157 201 2 199 0 0 100-00 100-00
Clostridium difficile 63 5 53 0 5 50-00 100-00
Vibrio spp. 5 1 4 0 0 100-00 100-00
Adenovirus 64 11 51 2 0 100-00 96-23
Rotavirus 64 7 56 0 1 87-50 100-00
Norovirus 14 12 2 0 0 100-00 100-00

+/+, Positive by the Seeplex system and routine diagnostic testing algorithm.

—/—, Negative by the Seeplex system and routine diagnostic testing algorithm.

+ /-, Positive by the Seeplex system and negative by the routine diagnostic testing algorithm.
—/+, Negative by the Seeplex system and positive by the routine diagnostic testing algorithm.

methods and mono-specific PCR since it permits
the simultaneous detection and identification of mul-
tiple infectious agents in a single reaction [34].
Furthermore, automated systems for nucleic acid
extraction, reagent preparation, assay set up, and
the analysis of PCR products are ideally suited to
syndromic-based laboratory diagnosis.
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When corrected for organisms not available in
the Seeplex system (Cryptosporidium spp., Giardia
intestinalis), 83 enteric pathogens were detected by
the routine diagnostic testing algorithm in 82/223
(368 %) faecal samples collected from patients with
acute gastroenteritis whereas the Seeplex system ret-
rospectively detected 81 enteric pathogens in 33:6 %
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Table 4. Enteric pathogens were identified in faecal samples by the Seeplex™
Diarrhoea ACE Detection multiplex PCR system (Seeplex system) for which
testing was not performed as part of the routine diagnostic testing algorithm

or not available

No. specimens tested No. pathogens detected
Pathogen by the Seeplex system only by the Seeplex system
Salmonella spp. 22 0
Shigella spp. 22 0
Campylobacter spp. 22 1
Escherichia coli O157 22 0
Clostridium difficile 160 3
Yersinia enterocolitica 223 2
Vibrio spp. 218 0
Aeromonas spp. 223 6
Clostridium perfringens 223 24
Adenovirus 145 1
Astrovirus* 223 2
Rotavirus 145 0
Norovirus 209 14
Total 53

* Test not available within Microbiology Department, Norfolk and Norwich

University Hospital.

Table 5. Multiple enteric pathogens detected in faecal samples by the
Seeplex™ Diarrhea ACE Detection multiplex PCR system that were
previously screened using the routine diagnostic testing algorithm

Pathogen

No. multiple
infections

Salmonella spp. and Shigella spp.

Salmonella spp. and Clostridium (Cl.) perfringens
Salmonella spp., Campylobacter spp. and norovirus GII

Shigella spp. and CI. perfringens
Shigella spp. and Campylobacter spp.

Shigella spp., Campylobacter spp., CI. perfringens

and Aeromonas spp.
Campylobacter spp. and Cl. perfringens

Verocytotoxin Escherichia coli and Aeromonas spp.

Cl. difficile and CI. perfringens

ClI. difficile and Campylobacter spp.
Vibrio spp. and norovirus GII
Adenovirus and Cl. perfringens
Adenovirus and Yersinia enterocolitica
Adenovirus and norovirus

Norovirus GII and Aeromonas spp.
Norovirus GII and CI. perfringens

Total

—_ e DD

[ U U U S
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faecal samples included in the routine diagnostic
testing algorithm. Furthermore, the implementation
of a generic approach for the detection of enteric
pathogens through utilization of the Seeplex system
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offered improved detection of enteric pathogens as an
additional 53 (23-8%) enteric pathogens were de-
tected in samples for which testing was not performed
as part of the routine diagnostic testing algorithm or
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not available. These findings reiterate that the appli-
cation of molecular methodologies to the diagnosis of
IID is likely to reduce the diagnostic gap [14] and
provide further insight into the relative frequency of
different enteric pathogens in cases of gastroenteritis
for which testing was not performed as part of the
routine diagnostic testing algorithm or not available.

The sensitivity and specificity of the Seeplex system
was comparable to the routine diagnostic testing
algorithm for the majority of enteric pathogens. The
Seeplex system detected Shigella spp., Campylobacter
spp. and adenovirus in an additional six faecal sam-
ples but failed to detect rotavirus, Salmonella spp.
and CI. difficile toxin B, in one, three, and five sam-
ples, respectively, which may be due to sample qual-
ity, although this is unlikely as the inhibition control
designed to identify inhibition in the PCR reaction
was detected in all samples. Rotavirus was detected
by enzyme immunoassay. Non-specific reactivity has
been reported in immunoassays used to detect rota-
virus antigens [35, 36]. Higgins et al. [37] reported the
diagnostic sensitivity and specificity for rotavirus
after discordant analysis was 100 % when evaluating
the Seeplex Diarrhea-V assay. Similarly, glutamate
dehydrogenase and toxins A and B of CI. difficile were
detected routinely using two enzyme immunoassays.
The first, C.DIFF CHEK-60 used mouse monoclonal
antibodies specific for the glutamate dehydrogenase
produced by both toxigenic and non-toxigenic strains
of Cl. difficile as a screening test. The status of samples
that were positive by the C.DIFF CHEK-60 test was
confirmed using the TOX A/B QUIK CHEK test,
which uses mouse monoclonal antibody specific for
toxin A coupled to horseradish peroxidise and goat
monoclonal antibody specific for toxin B coupled
to horseradish peroxidise. The specificities of the
C.DIFF CHEK-60 and the TOX A/B QUIK CHEK
were 91-2% (95 % CI 88:5-93-4) and 99-7 % (95 % CI
98-8-99-9), respectively. It is a limitation of the
Seeplex system that detection of ClI. difficile toxin A
is not included in the Seeplex Diarrhea-B1 assay,
which may provide a plausible explanation for failure
to detect CI. difficile in all faecal samples that were
positive by the two C. difficile-specific enzyme im-
munoassays in routine use. However, the inability of
the Seeplex system to detect the gene encoding C.
difficile toxin B in 50% of samples and Salmonella
spp- in 16 % of samples may be related to the choice of
gene/genome region or characteristics of the primer
and reaction conditions. Interestingly, Salmonella
culture methods, through the inclusion of selection
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and enrichment, may be more sensitive than the
Seeplex Diarrhea-B1 assay. Nevertheless, failure to
detect three Salmonella strains with the Seeplex
Diarrhea-B1 assay was not dependent on Salmonella
group as two of seven group B strains and one of se-
ven group D strains were undetected.

The ability of newer multiplexed methodologies to
confirm the presence of multiple infectious agents in
samples considered to contain a single pathogen or no
pathogen is of public health importance. The Seeplex
system identified multiple enteric pathogens in more
than 5% of faecal samples, which were tested pre-
viously by the routine diagnostic testing algorithm.
The frequency of mixed infection within the current
study is higher than previous studies [38, 39], which
may reflect the inclusion of enteric pathogens that
were excluded from these studies such as Aeromonas
spp. but more likely reflects the selection of faecal
samples that were positive by the routine diagnostic
testing algorithm. The identification of multiple en-
teric pathogens may reflect common routes of in-
fection [14, 39]. For example, the identification of
norovirus, Salmonella spp. and Campylobacter spp.
by the Seeplex system may indicate ingestion of food
contaminated with faeces or raw sewage. Similarly,
a multiple infection with Cryptosporidium spp.,
Campylobacter spp., Shigella spp., Cl. perfringens and
Aeromonas spp. may suggest contaminated water as
the source, whereas, a dual infection with norovirus
and toxin B-positive CI. difficile may indicate hospi-
tal-acquired infections.

There are several disadvantages to the Seeplex sys-
tem. First, no option is available within the current
system for the detection of human diarrheal parasites
and although the Seeplex system incorporates quality
controls, the internal control is only available for in-
clusion in each PCR master mix, which does not allow
validation of the nucleic acid extraction or reverse
transcription processes. Moreover, reverse transcrip-
tion was performed as a separate step, which in turn
increased the duration of the assay. Nevertheless, the
Seeplex system streamlined IID diagnosis through the
simultaneous amplification and detection of multiple
enteric pathogens compared to the routine diagnostic
testing algorithm and offered the ability to detect
multiple infections more frequently. Turnaround time
(TAT) was calculated based on 96 samples/run. The
average TAT to process 96 samples using the Seeplex
system incorporating 10 bacterial targets, four
viral targets and internal controls was 9-10 h or 0:6 h
per target in a run of 96 samples compared to 2448 h
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for culture depending on the bacterial target; 2 h
for C.DIFF CHEK-60 and TOX A/B QUIK CHEK
immunoassays and Rotavirus/Adenovirus EZ Micro-
plate assay, and 24 h for direct and concentration
microscopy.

Although a formal cost-benefit analysis is not
available for this study, it is clear that the syndromic
molecular diagnostic approach offered by the Seeplex
system provides benefits in terms of pathogen cover-
age, a common sample preparation technique with
reduced labour and the associated costs of performing
the detection of bacteria, viruses and parasites in
separate laboratories.

There are several limitations to this study notwith-
standing its retrospective nature and the unavail-
ability of alternative methods to confirm discordant
results excluding norovirus. These include the absence
of studies to investigate the limit of detection as well
as inter- and intra-assay variation of the Seeplex sys-
tem. However, the reproducibility of the Seeplex sys-
tem was determined by calculation of the coefficient
of variation from the means and standard deviations
of replicates of each positive control panel (10
replicates of the Diarrhea-V positive control and 12
replicates of Diarrhea-B1 and-B2 positive controls)
included in the Diarrhea-V, -B1l and -B2 assays. The
coefficient of variation for the Diarrhea-V, -B1, and
-B2 assays ranged from 2-1% (norovirus GII) to
5-1% (rotavirus), 1-2% (Vibrio spp.) to 47%
(Shigella spp.), and 0-6 % (Y. enterocolitica) to 5-4%
(Aeromonas spp.), respectively.

In conclusion, the Seeplex system provides signifi-
cant additional diagnostic capability for the syn-
dromic diagnosis of acute gastroenteritis with
increased sensitivity for the majority of pathogens,
which may improve the diagnosis of nosocomial
transmissions, and improve clinical management by
earlier intervention after diagnosis.
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