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Abstract

Introduction: We aimed to evaluate the performance of multiplex polymerase chain reaction (PCR)-based FTD gastroenteritis kit (Fast-Track
Diagnostics, Esch-sur-Alzette, Luxembourg) and QIAstat-Dx gastrointestinal panel (Q-GP; Hilden, Germany) in the detection of different
enteric pathogens.

Methodology: The molecular test results of 320 stool samples from patients with a preliminary diagnosis of infectious gastroenteritis between
July 2019 and October 2023 were retrospectively examined, and compared with conventional test results.

Results: A single pathogen was detected in 144 samples, and more than 1 pathogen was detected in 22 samples with FTD and QIAstat-Dx GP.
Salmonella was isolated by culture in 30% samples that were detected as Salmonella-positive by PCR. Shigella, Campylobacter, verotoxin
producing Escherichia coli, Shiga-like toxin producing E. coli, enteropathogenic E. coli, enteroaggregative E. coli, and enterotoxigenic E. coli
were detected by molecular tests; but could not be isolated in stool culture. Rotavirus was detected by PCR in 11.1% samples; antigen test was
positive in 20% samples that were adenovirus-positive based on molecular tests. Five percent of the samples in which C. difficile was detected
by molecular tests were determined to be toxin A/B positive by immunochromatographic test. G. lamblia trophozoites were seen in direct
microscopic evaluation in samples that were identified as G. lamblia positive by PCR.

Conclusions: The multiplex gastrointestinal pathogen panel test is a simpler and faster test than traditional microbiology methods. However,
the effect of these test results on the patient's diagnosis and treatment needs to be investigated. More studies are needed to compare standard

and molecular methods.
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Introduction

Acute infectious gastroenteritis (AIGE) is the most
common cause of morbidity and mortality worldwide
after respiratory tract infections. It is reported to be the
most common indication of hospitalization and cause of
death in children under 5 years of age in developing
countries [1].

Although acute enteric infections are mostly self-
limited, such infections may sometimes cause more
serious clinical manifestations and complications that
require hospitalization. Diarrhea outbreaks in the
community are usually caused by microorganisms
found in water, food and the hospital environment.
Infections can be transmitted from person to person
through direct contact or fomites [1,2].

Bacteria and viruses are often the causative agents
in infectious gastroenteritis. In recent years, diarrhea-
causing strains of Escherichia coli have been identified

more frequently due to the developments in diagnostic
tests. Some parasites can also be a causal factor in
gastroenteritis (GE) [3-5].

AIGE usually causes clinical presentations such as
abdominal pain, cramping, fever, malaise, bloody
stools, nausea, vomiting, and diarrhea. Therefore,
differential diagnosis of causative pathogens based on
clinical symptoms can be difficult. Treatment, isolation,
and follow-up approaches may vary depending on the
causative pathogen. Identification of the causative
pathogen is also important for the management of
diarrheal diseases in terms of public health. Therefore,
rapid and accurate identification of the causal factor is
important. Although the methods used in the diagnosis
of AIGE vary according to the suspected agent, culture,
immunological tests and microscopy continue to be the
most frequently used methods [6].
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Stool culture is the gold standard method used to
detect bacterial pathogens that cause gastrointestinal
tract infections. However, it has low sensitivity rates,
requires extended time, and is labor intensive [7].
Although fecal antigen tests are available for the
diagnosis of some viral gastroenteritis, antigen tests are
not available for all viruses, bacteria, parasites, and
fungi that cause gastrointestinal (GI) infections. In
addition, the sensitivity rates of antigen tests vary [7].
Microscopy is the most commonly used reference
method for the identification of parasites. However,
microscopy has low sensitivity, and requires skilled
personel with specific training and experience to
identify parasites. Antigen tests are available for the
detection of Giardia lamblia, Cryptosporidium spp.,
and Entamoeba histolytica; but not for all parasitic
agents [5].

Conventional diagnostic methods require time,
intensive labor, and experience; and the causative agent
can be detected only in 60-70% of GE cases [2,6,8].
Multiplex-polymerase chain reaction (PCR)-based GI
pathogen panel tests have been used in recent years to
overcome the disadvantages and limitations of
conventional methods. With these nucleic acid
amplification tests (NAAT), many enteric pathogens
(bacteria, viruses, and parasites) can be detected within
a short time with high sensitivity and specificity [2,6,8].

Nucleic acid amplification-based gastroinstestinal
system (GIS) pathogens panel tests are also used in our
laboratory. In this study, we aimed to identify GI
pathogens by multiplex real-time PCR method in
patients with suspected GE, and compare the results
with  those  identified  using  conventional
microbiological methods.

Methodology

The molecular test results of 320 stool samples from
patients with a pre-diagnosis of infectious GE that were
sent to our laboratory for molecular test panel
identification between 2019 and 2023 were
retrospectively examined. The conventional test results
requested from the same patients were retrieved from
the hospital automation system and were also analyzed
retrospectively.

The Ethical Committee of Sakarya University
School of Medicine approved the study (approval no:
050.01.04/243).

Conventional diagnostic techniques

Stool culture for bacterial agents responsible for
infectious GE  was performed using (1)
immunochromatographic tests (ICT) detecting toxin
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A/B for the diagnosis of Clostridium difficile (C.
difficile toxin A/toxin B combo rapid test cassette;
Acro-Biotect, Montclair CA, USA); (2) direct
microscopic methods for the detection of parasitic
agents; (3)  Giardial/Cryptosporidium/Entamoeba
antigen lateral flow test (Crypto-Entomoeba-Giardia
test; Mon Lab, Barcelona, Spain); and (4) rotavirus and
adenovirus, ICT-based tests (Bio gold
rotaviriis/adenovirlis rapid test cassette; Cites
Diagnostic, Canada). All samples for stool culture were
cultured in eosin methylene blue agar (EMB agar; RTA,
Istanbul, Tiirkiye), and Salmonella Shigella agar (SS
agar; RTA, Istanbul, Tiirkiye).

Multiplex PCR sample processing and data analysis

A total of 189 samples (59%) were tested with the
multiplex PCR-based FTD gastroenteritis kit (Fast-
Track Diagnostics, Esch-sur-Alzette, Luxembourg),
and 131 samples (40.9%) were tested with the fully
automatic QIAstat-Dx gastro-intestinal panel kit
(QIAstat-DxGP; Q-GP; Hilden, Germany), following
the manufacturers’ protocol. Seventeen pathogens
(Campylobacter coliljejunil/lari, Clostridium difficile,
Salmonella spp, Shigella spp., verocytotoxin-producing
E. coli, Yersinia enterocolitica, human adenovirus,
human astrovirus, norovirus GI, norovirus GII,
rotavirus, sapovirus, enterovirus, Cryptosporidium,
Entamoeba histolytica, and Giardia lamblia could be
detected simultaneously with the FTD gastroenteritis
kit. The QIAstat-Dx gastro-intestinal syndromic panel
test could be used to detect 24 agents (Clostridium
difficile toxin A/B, enteroaggregative E. coli (EAEC),
enteroinvasive E. coli (EIEC)/Shigella,
enteropathogenic E. coli (EPEC), enterotoxigenic E.
coli) (ETEC) It/st, Campylobacter spp. (C. jejuni, C.
upsaliensis, C. coli), Plesiomonas shigelloides,
Salmonella spp. (STEC) stx1/stx2, Shiga-like toxin
producing E. coli (STEC) O157:H7, Vibrio cholerae,
Vibrio parahaemolyticus, Vibrio vulnificus, Yersinia
enterocolitica, adenovirus F40/41, astrovirus, norovirus
GI, norovirus GII, rotavirus A, Sapovirus (GI, GII,
GIV, GV), spp., Cyclospora cayetanensis, Entamoeba
histolytica, and Giardia lamblia).

The demographic data of the patients were analyzed
retrospectively from the laboratory automation system
records of our hospital.

Statistical analysis

Descriptive analyses were performed to provide
information on general characteristics of the study
population. Categorical variables were compared by
Chi square test. Cohen’s Kappa (k) coefficients were
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calculated to determine the concordance between PCR
and other methods. Categorical variables were
presented as a count and percentage. A p value < 0.05
was considered significant. Analyses were performed
using the statistical software SPSS (IBM SPSS
Statistics, version 23.0; IBM Corp, Armonk, NY,
USA).

Results

In this study, 320 stool samples were collected from
46 (45.6%) female and 174 (54.4%) male patients.
Sixty-four (20%) of the patients were children.

Evaluation of molecular panel results

A single pathogen was detected in 144 (45%) of 320
stool samples studied with QIAstat-Dx GP and FTD.
More than one pathogen was detected in 22 samples.
(Table 1)

The identified pathogens included Salmonella spp
in 20 (6.3%) samples, verotoxin producing E. coli
(VTEC)/STEC O157:H7 in 16 (12.2%) samples, EPEC
in 14 (10.4%) samples, Campylobacter spp in 13
(4.4%) samples, Clostridium difficile in 12 (3.8%)
samples, EAEC in 9 (6.8%) samples, ETEC in 5 (1.6%)
samples, Shigella in 4 (1.3%) samples, norovirus
GI/GII in 24 (7.5%) samples, rotavirus in 18 (5.3%)
samples, sapovirus in 10 (3.1%) samples, human
astrovirus in 9 (2.8%) samples, and human adenovirus
in 5 (1.6%) samples (Table 1).

Comparison of conventional methods and molecular
panel results

Stool culture and molecular testing panel were
requested simultaneously for 112 patients. Sa/monella
was detected by the molecular panel in 20 patients and
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Table 1. Distribution of samples identified as positive with FTD

and QiaStat Dx.

Pathogens FTD, n Qiastat Dx,n  Total, n (%)
Salmonella spp 13 7 20(6.3)
Campylobacter spp 3 10 13 (4.4)
Shigella spp 4 - 4(1.3)
VTEC/STEC 4 12 16 (12.2)
EPEC - 14 14 (10.6)
EAEC - 9 9(6.8)
ETEC 5 5(1.6)
Yersinia

enterocolitica ! ! 2(15)
Clostridium difficile 2 10 12 (3.8)
Rotavirus 1 17 18 (5.3)
Norovirus 13 11 24 (7.5)
Astrovirus 6 3 9(2.8)
Adenovirus 3 2 5(1.6)
Sapovirus 6 4 10 (3.1)
Giardia lamblia 1 1 2 (0.63)
Cryptosporidium 2 1 3(0.94)
parvum

Total 57 107 166

EAEC; enteroaggregative E. coli; EPEC; enteropathogenic E. coli; ETEC;
enterotoxigenic E. coli; FTD; Fast-Track Diagnostics; QiaStat Dx;
QIAstat-Dx gastrointestinal panel; VTEC/STEC; verotoxin producing E.
coli/ Shiga-like toxin producing E. Coli.

stool culture detected Salmonella in 6 (6.3%) of these
patients. Shigella, Campylobacter, VTEC/STEC,
EPEC, EAEC, and ETEC were identified by molecular
tests, but could not be isolated by stool culture.

When 95 stool samples in which bacterial agents
were detected by molecular tests were examined with
microscopy, leukocytes were seen in 38 (40.5%) and
erythrocytes were seen in 16 (16.8%).

Antigen testing was requested for 64 stool samples
to identify rotavirus/adenovirus. The antigen test results
were positive in 2 (11.1%) of the 18 samples that were
positive for rotavirus based on PCR panel results.
Adenovirus antigen test was positive in 2 of 5 samples
(20%) that were identified as positive for adenovirus
based on PCR results (Tables 2 and 3).

Table 2. Pathogens and positivity rates detected in stool samples by FTD/Qiastatdx and conventional microbiological methods.
FTD/Qiastat Dx Conventional methods

Pathogens Number of Samples Positive, n (%) Number of Samples Positive, n (%) p value
Inspected, n Inspected, n

Salmonella spp 320 20 (6.3) 115 6(5.2) 0.864
Campylobacter spp 320 13 (4.4) - - -
Shigella spp. 320 4(1.3) 115 0 0.577
VTEC/STEC 131 16 (12.2) - - -
EPEC 131 14 (10.6) - - -
EAEC 131 9(6.8) - - -
ETEC 320 5(1.6) - - -
Yersinia enterocolitica 131 2 (1.5) - - -
Clostridium difficile 320 12 (3.8) 20 1(5) 0.552
Rotavirus 320 18 (5.3) 64 2(3.1) 0.549
Norovirus 320 24 (7.5) - - -
Astrovirus 320 9(2.8) - - -
Adenovirus 320 5(L.6) 64 2(3.1) 0.330
Sapovirus 320 10 (3.1) - - -
Giardia lamblia 320 2(0.63) 64 2(3.1) 0.131
Cryptosporidium parvum 320 3(0.94) - - -

EAEC; enteroaggregative E. coli; EPEC; enteropathogenic E. coli; ETEC; enterotoxigenic E. coli; FTD; Fast-Track Diagnostics; QiaStat Dx; QIAstat-Dx
gastrointestinal panel; VTEC/STEC; verotoxin producing E. coli/ Shiga-like toxin producing E. coli.
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Table 3. FTD/Qiastat Dx and other tests results.

ICT rotavirus antigen test Positive
Negative
ICT adenovirus antigen test Positive
Negative
Salmonella stool culture Positive
Negative
C. difficile toxin A/B ICT test Positive
Negative

J Infect Dev Ctries 2025; 19(1):76-82.

PCR K value
Positive Negative P

2 0
16 46 0.152 0.076
1 0
4 59 0.316 0.078
6 0
14 95 0.415 <0.001
! 0 0.068 1,000

11

8

FTD; Fast-Track Diagnostics; ICT; immunochromatographic test; k; Kappa coefficient; QiaStat Dx; PCR; polymerase chain reaction; QIAstat-Dx gastrointestinal

panel.

C. difficile toxin A/B was analyzed in 64 stool
samples. Only 1 of the 12 stool samples in which C.
difficile was detected by molecular tests was
determined to be toxin A/B positive by the ICT method.
(Table 3).

Direct stool microscopy was performed on 64
samples that were also tested by the PCR panel. G.
lamblia trophozoites were observed in 2 stool samples,
and these samples were also identified as positive for G.
lamblia by PCR. Giardia/Cryptosporidium/Entamoeba
antigen test was positive in only 1 stool sample.

Since Campylobacter culture was not routinely
performed in the laboratory, molecular test results could
not be compared with this conventional method.

Analysis of pathogens involved in coinfections

More than 1 pathogen was detected simultaneously
with molecular tests in 22 (12.7%) of the samples in
which bacterial pathogen were isolated in stool culture.
More than one viral agent was detected by molecular
methods in 8 (4.8%) of stool samples in which pathogen
was detected. The PCR panel identified bacterial + viral
pathogens in 10 (6%) samples, parasite + bacteria in 3
(1.2%) samples, and parasite (Giardia) + viral
(sapovirus) pathogens in 1 (0.6%) sample (Table 4).
Among the samples that were positive for more than
one pathogen, 59.3% belonged to pediatric patients and
40.7% belonged to adult patients.

Discussion

Direct microscopy, culture-based tests and
immunochromatographic test/lateral flow assay tests
are traditional methods used to identify pathogens that
cause gastrointestinal infections. Traditional methods
are limited in their effectiveness because they require
more time, can detect only a limited number of agents,
and have low sensitivity/specificity [7-9]. Therefore,
molecular panel tests based on multiplex PCR are used
for the rapid diagnosis of GI tract infectious agents.
These tests enable the detection of many bacteria,
viruses and parasites within a short time [8—10]. They

may also play an important role in determining the
frequency and spread of GI tract infection agents in the
future. Sensitivity and specificity of NAAT depends on
the targeted pathogens, whether the stool samples are
fresh or frozen, and inhibitors that may be present in the
stool [11-16]. However, it is reported to have high
sensitivity and specificity of > 90% when used in
samples from symptomatic patients [16]. Although
commercially available multiplex PCR tests vary
depending on the number of pathogens in the panel,
they generally show similar performance and sensitivity
rates ranging between 92-97% [12,16,17]. In our study,
PCR panel tests detected one or more pathogens in
51.8% of the samples. A single pathogen was detected
in 144 stool samples, and > 1 pathogens were detected
in 22 samples. One or more viral pathogens were
detected in 66 (20.3%) stool samples, at least 1 bacterial
pathogen was detected in 95 (29.6%) samples, and
parasites were detected in 5 samples.

Axelrad et al. used multiplex PCR to identify
pathogens in stool samples [17]. They obtained positive
results in 25.9% of 9,403 stool samples; 62.7% of the
detected pathogens were bacteria, 31.5% were viruses,
and 5.8% were parasites. The coinfection rate as 28.5%.
The most frequently identified pathogens in this study
were EPEC (22.5%), norovirus (17.3%), and EAEC
(13.7%). When using conventional methods, total
positive samples rate remained at 4.1% [17]. Castany-

Table 4. Analysis of pathogens identified in coinfections.

n (%)
Rotavirus + Adenovirus 4(1.25)
Sapovirus + Norovirus 2 (0.6)
Norovirus + Adenovirus, 1(0.3)
Norovirus GI + Norovirus GII 1(12.5)
Salmonella + Rotavirus, 1(0.3)
Salmonella + Sapovirus 1(0.3)
Enteroaggregative E. coli+ Rotavirus + Astrovirus 2 (0.6)
Norovirus + Enteropathogenic E. coli 2(0.6)
Clostridium + Norovirus + Rotavirus 2(0.6)
Campylobacter + Astrovirus 1(0.3)
Enteroaggregative E. coli + Astrovirus 1(0.3)
Cryptosporidium spp.+ Salmonella 2 (0.6)
Cryptosporidium spp +Yersiniae 1(0.3)
Giardia + Sapovirus 1(0.3)
Total 22 (12.7)
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Feixas et al. detected 1 or more pathogens in 68.8% of
the samples with a multiplex PCR panel, while they
were able to detect pathogens in 35.2% of the samples
using conventional methods (culture, microscopy, and
antigen tests) [18]. In our study, the molecular GI
system test panel was designed based on a retrospective
review of the patient reports. Therefore, traditional
methods could not be applied to all samples. This is the
most important limiting aspect of our study

In developed countries, Salmonella spp.,
Campylobacter spp., EPEC, and EAEC are the most
common pathogens causing bacterial acute
gastroenteritis [19-23]. In our study, these three
bacteria were found to be the most common causative
agents.

Bacteria could be isolated by culture in only 6 of the
20 samples in which Salmonella was detected by a
molecular panel test. Since Campylobacter culture is
not routinely performed in our laboratory,
Campylobacter detected in 13 samples by PCR could
not be isolated by culture. In our laboratory, stool
cultures were directly planted without being kept in
selective media, and this could be the reason for the low
Salmonella isolation rates detected in culture. We
consider this to be a limiting aspect of our study.

In a multicenter study in the USA, 14% of
Salmonella spp detected by PCR could not be
confirmed by gold standard methods [9]. Kellner ef al.
reported that there was over 99% agreement between
molecular GI panel tests and bacterial culture [6].

In our study, C. difficile positivity was detected in
12 patients. Only 1 of the isolates detected by the
molecular panel could be detected by the toxin A/B ICT
test. However, when interpreting C. difficile positivity
detected by molecular tests, the patient's age, risk
factors, and the patient's clinical condition should be
taken into account, and the diagnosis of C. difficile
infection should not be made exclusively by PCR [24].

In recent years, norovirus infections have become
more common after the introduction of the rotavirus
vaccine in children [25-30]. Norovirus was detected in
7.5% of the samples in our study, rotavirus in 5.3%
samples, sapovirus in 3.1% samples, astrovirus in 2.8%
samples, and adenovirus in 1.6% samples.

Previous studies with multiplex PCR have reported
coinfection rates of 20—80%. The most common cause
of diarrhea in coinfections has been reported to be E.
coli strains [14,15,17,18,22]. In our study, the rate of
coinfection was 12.7%. EPEC/EHEC were detected in
23.8% of 21 samples with coinfection. Coinfections are
generally seen more frequently in pediatric patients
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[18,31,32]. In our study, 53% of the samples in which
coinfection was detected belonged to pediatric patients.

Other factors that may affect the results include:
whether the sample was collected properly, transfer and
waiting conditions, whether the sample was fresh or
frozen, choice of medium used for culture, and
incubation conditions. These factors may be
responsible for inconsistency between molecular tests
and culture results [32]. Studies have reported that
culture is accepted as the gold standard, and panel tests
may give false positive results [6].

Despite their advantages, nucleic acid-based panel
tests can also cause clinical situations that are difficult
to interpret. These tests have high sensitivity and even
very low numbers of enteric pathogens can be detected
in samples [16]. In some cases, the clinical significance
of a detected microorganisms may be unclear [16]. At
the same time, positive results can be obtained in the
presence of colonization or in asymptomatic carriers.
This may lead to unnecessary use of antibiotics.
[16,33]. For example, bacteria may be excreted with the
stool for weeks for or months after Salmonella infection
[16,33,34], leading to confusion in clinical
interpretation. It has been suggested that patients with
negative culture and positive molecular panel tests are
generally asymptomatic carriers [7,16]. It has been
observed that there is a significant difference in
symptoms and laboratory findings in children with
gastroenteritis, in terms of bacterial agents in PCR
negative and positive patients [24]. Therefore, PCR
testing for certain bacterial agents should be performed
according to the preliminary diagnosis in patients with
suspected bacterial AIGE to benefit from the diagnostic
accuracy of the test, while keeping the costs low,
making optimum use of the workforce, and preventing
unnecessary treatments [24].

Questions remain about the clinical benefits and
cost-effectiveness of molecular test panels [8]. In a
multicenter study bacterial agents were detected in 8%
of the patients with conventional diagnostic methods,
and 37% of the patients with molecular tests. The
authors reported that it was beneficial to detect
diarrheagenic E. coli strains (STEC, EPEC, EAEC and
ETEC) which cause acute gastroenteritis by PCR, since
these cannot be identified by traditional culture
methods. PCR-based tests had a rapid turnaround time
and targeted therapy could be applied instead of
empirical therapy, which contributed to clinical benefit
and cost-effectiveness [8]. In another study, it was
suggested that the overall healthcare cost may be lower
due to the reduced length of hospital stay when GI
multiplex NAAT are used [10]. Although an initial
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investment is required to use this type of multiplex
panel test, it can significantly reduce cost by reducing
the time patients stay in contact isolation [11].

Conclusions

Gl multiplex nucleic acid amplification tests
provide an opportunity to efficiently and sensitively
identify potential causative agents in patients with
gastroenteritis. However, these tests should be used
selectively because of their high cost and the results of
these tests should be interpreted with caution, taking
into account the patients' clinical symptoms, diagnosis,
and pathogens identified.
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