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Abstract
The aim of this study was to investigate the value of syndromic diagnostic testing for a better understanding of the epidemi-
ology of gastrointestinal infections in Denmark. Here we evaluated the QIAstat-Dx® Gastrointestinal (GI) Panel 1 assay on 
18,610 fecal samples requested for analysis for enteric pathogens in Region Zealand, Denmark, in 1 year (October 1, 2021, 
to September 30, 2022). In total, 6905 (37%) samples were detected positive for one or more diarrhoeal bacteria, viruses, 
and protozoa. The most common bacterial, viral, and parasitic pathogens detected with the QIAstat-Dx® Gastrointestinal 
Panel 1 were EPEC (in patients ≥ 2 years of age) (n = 1420 (20.6%)), rotavirus (n = 948 (13.7%)), and Cryptosporidium 
spp. (n = 196 (2.84%)). We identified a large diversity in infections likely reflecting substantial differences in the epidemiol-
ogy including origin of infections, mode of transmission, seasonality, age-dependent susceptibility to disease, severity, and 
travel history. All pathogens were detected as both single and coinfections. Viral infections peaked in March with a positive 
rate of 31.6%, and bacterial infections peaked in August with a positive rate of 35.3%. ETEC, Shigella/EIEC, EAEC, and P. 
shigelloides were most related to travel activity, and coinfections were frequent. The distribution of Ct values varied signifi-
cantly between the pathogens, with the lowest Ct values (median 17–18) observed in astrovirus, adenovirus, and rotavirus. 
Our results highlight the value of providing extensive diagnostic testing on fecal samples for sufficient detection of relevant 
diarrhoeal pathogens for optimal clinical care.
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Introduction

Infectious gastroenteritis is one of the most common dis-
eases throughout the world. It poses a global health prob-
lem, especially severe infections in infants, elderly, and 
immunocompromised patients can lead to hospitalization 
because of the increased risk of dehydration [1, 2]. Each year 
approximately 2 billion cases of acute diarrhea have been 
reported by The World Health Organization (WHO) and 
United Nations International Children’s Emergency Fund 
(UNICEF), including 1.9 million children under 5 years 
that are dying from acute diarrhea annually [1, 2]. A wide 

range of enteric pathogens, including bacteria, viruses, and 
protozoa, can cause infectious gastroenteritis. The pattern 
of clinical symptoms is seldom sufficient in identifying the 
aetiological agent. Therefore, rapid and accurate diagnosis 
is essential for appropriate patient treatment and infection 
control precautions [3].

Conventional methods for diarrhoeagenic bacteria involv-
ing stool culture, biochemical assays, and serologic assays 
can be time-consuming and have a lack of sensitivity. Mul-
tiplex polymerase chain reaction (PCR)-based assays have 
been a faster and more sensitive alternative to conventional 
methods. However, the number of pathogens included is 
limited for a single multiplex PCR. In recent years, com-
mercial multiplex PCR panel testing systems, also known 
as syndromic panels, have been developed and implemented 
in microbiology laboratories [4]. Syndromic panels are 
designed for infectious pathogen diagnostics in patients 
with similar symptoms or syndrome and are characterized 
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by short turn-around times, minimal hands-on time, and an 
automated workflow [4]. The implementation of the syn-
dromic panel testing allows to extend the range of detect-
able pathogens independently of the clinical suspicion and 
to detect coinfections [5].

One of these platforms is the CE-IVD-marked QIAstat-
Dx® with the Gastrointestinal Panel 1 (cat. no. 691411) 
(QIAGEN, Hilden, Germany) that can detect 24 gastroin-
testinal pathogens: 14 bacteria, 6 viruses, and 4 protozoa in 
a single run [6, 7].

Compared with other syndromic panel systems like Bio-
Fire FilmArray Gastrointestinal Panel (bioMérieux, Marcy-
l’Étoile, France) and xTAG Gastrointestinal Pathogen Panel 
(Luminex, Austin, Texas, USA), the QIAstat-Dx® Gastroin-
testinal Panel has the advantage of generating and presenting 
cycle threshold (Ct) values for the detected pathogen(s). The 
clinical utility of Ct values remains unclear for gastrointesti-
nal infections; however, Ct values could provide a quantita-
tive indication and might be a guide for clinical and infection 
control decisions [8].

We have verified the analytical spectrum of the QIAstat-
Dx® Gastrointestinal Panel [7]. In this study, we evaluate 
the 1-year experience with the QIAstat-Dx® Gastrointesti-
nal Panel as a routine diagnostic method for diarrheal infec-
tions in The Regional Department of Clinical Microbiology 
at Zealand University Hospital, Region Zealand, Denmark. 
We describe findings related to detected pathogens, includ-
ing coinfections, age, seasonal variation, travel history, and 
characteristics of Ct values.

Materials and methods

Population

The Regional Department of Clinical Microbiology at Zea-
land University Hospital, Region Zealand, Denmark, pro-
vides diagnostic microbiological services for both in- and 
outpatients from a referring area covering approximately 
800,000 inhabitants. History of travel was obtained from the 
electronic laboratory test request form, where travel informa-
tion is mandatory.

Fecal samples

All fecal samples submitted to the laboratory for analysis 
of gastrointestinal pathogens from October 1, 2021, to Sep-
tember 30, 2022, were included. The samples originated 
from both in- and outpatients and were actively collected 
by the healthcare service from hospitals and general practi-
tioner (GP) clinics. On arrival in the laboratory, the samples 
were kept at ambient temperature until analysis, which was 
usually performed within 4 to 5 h of receipt. Analysis was 

performed 7 days a week, and the majority of samples were 
tested within 24 h of collection. If the laboratory received 
more than one fecal sample from the same patient within 7 
days, only the first sample was analyzed.

Analytical spectrum

The QIAstat-Dx® Gastrointestinal Panel detects the fol-
lowing pathogens: Campylobacter spp. (C. jejuni, C. upsa-
liensis, and C. coli), Clostridioides difficile tcdA/tcdB, 
enteroaggregative E. coli (EAEC), enteropathogenic E. coli 
(EPEC), enterotoxigenic E. coli (ETEC) eltA/estA, Shiga 
toxin–producing E. coli (STEC) stx1/stx2, Shiga toxin–pro-
ducing E. coli (STEC) stx1/stx2 O157, enteroinvasive E. 
coli (EIEC)/Shigella (S. sonnei, S. flexneri, S. boydii, and 
S. dysenteriae), Plesiomonas shigelloides, Salmonella spp., 
Vibrio cholerae, Vibrio parahaemolyticus, Vibrio vulnifi-
cus, Yersinia enterocolitica, Cyclospora cayetanensis, 
Cryptosporidium spp. (C. parvum, C. hominis, C. felis, and 
C. meleagridis), Entamoeba histolytica, Giardia lamblia, 
adenovirus F40/F41, norovirus GI and GII, rotavirus, and 
sapovirus (I, II, IV, and V).

PCR analysis

The analysis with QIAstat-Dx® Gastrointestinal Panel 1 was 
carried out according to the manufacturer’s instructions and 
as previously described [7]. The analysis requires approxi-
mately 50–200 mg of feces collected with a flocked swab 
from the FaecalSwab sample collection system (Copan, 
Brescia, Italy) that has to be resuspended in 2 mL of Cary-
Blair transport medium. A total of 200 μL of the FaecalSwab 
suspension was collected using a transfer pipette and loaded 
into the liquid sample port of a QIAstat-Dx® Gastrointes-
tinal Panel cartridge. All reactions are performed by the 
closed QIAstat-Dx® system within the loaded cartridge 
and included lysis, extraction, amplification, and measure-
ments of fluorescence of the amplified PCR products. The 
QIAstat-Dx® Analyzer Software interprets the results and 
generates test reports used to evaluate potential gastrointes-
tinal pathogen findings. An internal control is included in 
the assay to monitor the quality of the reactions for a given 
sample. If the internal control is reported positive, all results 
are valid. If the internal control is reported negative, only 
positive results for targets are valid while negative results for 
targets are invalid. Running a sample with the QIAstat-Dx® 
Gastrointestinal Panel takes approximately 70 min/sample.

Statistical analysis

The descriptive epidemiology data was analyzed with the 
software R version 4.2.1 (R Foundation for Statistical Com-
puting, Vienna, Austria, https:// www.r- proje ct. org).
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Results

A total of 18,610 fecal samples were included in this 
1-year study from October 1, 2021, to September 30, 
2022. The samples were from 10,211 females and 8399 
males, with a median age of 54 years (range 0–103 years). 
A total of 6905 (37.1%) fecal samples were positive for 
one or more gastrointestinal pathogens. Bacterial patho-
gens were detected in 5444 (78.8%) samples and virus 
and protozoa in 2945 (42.7%) and 309 (4.5%) samples, 
respectively (Fig. 1). The most prevalent gastrointestinal 
pathogens were EPEC in patients ≥ 2 years of age (n = 
1420 (20.6%)), C. difficile (n = 1402 (20.3%)), rotavi-
rus (n = 948 (13.7%)), norovirus (n = 905 (13.1%)). and 
Campylobacter spp. (n = 857 (12.4%)), respectively. The 
prevalence of gastrointestinal infections and type of gas-
trointestinal pathogens were influenced by several factors, 
including patient age, travel, origin (in- or outpatients), 
and season.

In general, viruses were more often detected in young 
children, while bacteria and protozoa were more prevalent 
in youngsters and adults. C. difficile was most prevalent 
in the elderly population (median age 67). Sapovirus dif-
fered from the other viruses, as it was only rarely detected 
beyond 10 years of age (Fig. 2).

All pathogens were detected as both single and coinfec-
tions. Infections with sapovirus, astrovirus, and adenovirus 
were almost equally distributed between single and coin-
fections. In contrast, norovirus and rotavirus were detected 
more often as single infections. Clostridioides difficile was 
the pathogen most frequently detected as a single infection 
(Fig. 3A). Infections with multiple pathogens, especially 

with two or three pathogens, were more often detected in 
young children at age 1–4 years, whereas patients over 65 
years of age more often had single infections compared 
to the other age groups. Coinfections with at least four 
pathogens were more evenly distributed among different 
age groups (Fig. 3B).

ETEC, Shigella/EIEC, EAEC, and P. shigelloides were 
the four bacteria that were most related to travel activity, 
and coinfections were frequent (Figs. 3A and 4). Of viral 
cases, 85–90% were domestically acquired. Surprisingly, 
the majority of protozoan infections were also domestically 
acquired. No cases of Entamoeba histolytica were detected 
in this study.

Origin of infection, i.e., either from patients in the pri-
mary healthcare system or hospitalized patients, likely 
reflects different epidemiology and severity. All pathogens 
were most often isolated from patients in the primary health-
care system with C. difficile as an exception with 53% of 
cases related to hospital care. Rotavirus and norovirus were 
detected remarkably more often among hospitalized patients 
compared to sapovirus and adenovirus (Fig. 5).

The proportion of gastrointestinal infections caused by the 
different groups of pathogens (i.e., bacteria, viruses, and pro-
tozoa) varied throughout the year (Fig. 6A). The proportion of 
viral infections peaked in March (mean ambient temperature 
3.7 °C) with a positive rate of 31.6%, and the proportion of 
bacterial infections peaked in August (mean ambient tempera-
ture 18 °C) with a positive rate of 35.3%. The proportion of 
protozoan infections seemed to be stable throughout the year. 
Bacteria, especially EPEC, EAEC, ETEC, Campylobacter 
spp., and Salmonella spp., had distinct seasonal preferences 
with the highest number of infections in the warmer summer 

Fig. 1  Positive fecal samples by 
the enteric pathogen, October 
2021 to October 2022
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months (July–September). Y. enterocolitica seemed to have a 
seasonal optimum during the early summer (May–July). The 
variation of Shigella/EIEC, STEC, and C. difficile during the 
year is limited and does not seem to be reliant on temperature. 
All of the viral pathogens showed distinct seasonal variation. 
Sapovirus and astrovirus dominated from October to Decem-
ber, whereas rotavirus and adenovirus became dominant from 
February to April. Norovirus had a high constant prevalence 
from October to March and was the most dominant virus in 
the winter half-year (Fig. 6B).

The distribution of Ct values varied significantly between 
the gastrointestinal pathogens (Fig. 7). The Ct values may be 
used as indicators for the presence of high or low amounts of 
DNA/RNA from pathogens in the sample. Astrovirus, ade-
novirus, and rotavirus had the lowest Ct values with median 
values of 17, 18, and 18, respectively. In contrast, Y. entero-
colitica and STEC showed the overall highest Ct values with 
median values of 33 and 32, respectively. The variation of Ct 
values within each individual pathogen differed, where rotavi-
rus had a low level of variation, while adenovirus and ETEC 
had more fluctuating values. Most of the pathogens were in 
the intermediate group with Ct values of 25–30 (Fig. 7).

Discussion

Syndromic panel testing to detect infectious microbial path-
ogens for clinical diagnosis has revolutionized the field of 
clinical microbiology. We believe this is the first study to 

perform syndromic testing for a full year, on all diarrheal 
fecal samples regardless of age, travel history, and clinical 
indication. We included all diarrheal samples from both in- 
and outpatients in Region Zealand, Denmark.

We identified a distinct seasonality and age-specific pat-
tern of infections with a high number of viral infections, 
including coinfections, in children less than 5 years of age 
in the cold season and a higher number of bacterial infec-
tions in adults in the warmer late summer/early fall. These 
findings were, in part, expected from other European sur-
veillance data [12]. However, there were striking differ-
ences within the viral and bacterial groups. The seasonality 
of astrovirus and sapovirus showed the highest number of 
infections in the winter, whereas adenovirus and in particu-
lar rotavirus peaked in late winter/early spring, and these 
differences likely reflect differences in optimal conditions 
including daily ambient temperature for these infections. In 
March, 22% of the samples were positive for rotavirus. A 
substantial number of viral infections occurred as coinfec-
tions, mostly with other viruses but also with bacteria such 
as EPEC. The high number of coinfections likely reflects 
extended excretion time in non-immune children attending 
daycare, where viral transmission of different viruses and 
outbreaks frequently occurs [13]. The number of coinfec-
tions in the present study is higher than in two distinct Ital-
ian and French pediatric studies where coinfections were 
only detected in 8.3% and 3.3% of virus-positive patients, 
respectively [14, 15]. In these studies, viruses were mostly 
detected by EIA and ELISA and some of the differences 

Fig. 2  The median and quartiles of age by an enteric pathogen. Pathogens detected < 10 times are not presented
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may be explained by an increased diagnostic sensitivity 
of the qPCR methods like QIAstat-Dx® Gastrointestinal 
Panel and FilmArray Gastrointestinal Panel [5]. Sapovirus 

had a unique age-specific profile with a modest number of 
infections occurring beyond 10 years of age. Norovirus had 
a completely different epidemiology with a long winter 

Fig. 3  A Distribution of single versus coinfections by an enteric pathogen. Pathogens detected < 10 times are not presented. B Number of patho-
gens detected simultaneously by age group
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Fig. 4  Origin of infections by travel. Pathogens detected < 10 times are not presented

Fig. 5  Origin of infections by the healthcare system. Pathogens detected < 10 times are not presented
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season, fewer coinfections, and also many cases in adults, 
where family and small general outbreaks including food-
borne outbreaks are well known to occur [16].

The median age of classic food- and waterborne bac-
terial infections was 35 to 50 years of age with Shigella/
EIEC somewhat higher (55 years of age). In December 
2021, we found five patients with EIEC, which turned out 
to be index patients in a large national outbreak associated 
with imported spring onions from Egypt used in ready-to-
eat salads [10]. EIEC was subsequently cultured from the 
majority of PCR-positive fecal samples and typed as part 

of the outbreak investigations. The domestic outbreak illus-
trates that unexpected enteric pathogens from ingestion of 
imported fresh vegetables, fruit, and other food may chal-
lenge the evaluation of the PCR, if confirmation by culture 
or additional tests are negative/not possible. Antimicrobial 
treatment prior to sampling and liable pathogens like Shi-
gella and Campylobacter spp. may die before culture and 
may result in a false negative culture.

STEC including the STEC O157 subtype had the widest 
75th percentile age profile and was the only bacterial patho-
gen with a 75th percentile age profile including children. 

Fig. 6  A Enteric pathogen group by season. The mean daily tempera-
ture per month in Denmark is presented for comparison. In Denmark, 
placed in the Northern Hemisphere, the annual seasons are winter 
(December–February), spring (March–May), summer (June–August), 
and fall (September–October) [9]. B Enteric pathogens by month. 
The colors are based on normalized values for each pathogen and 

indicate increasing frequency by warmer colors. Numbers in boxes 
are positive rate (%) of the detected pathogen by the number of tested 
fecal samples. Rarely detected pathogens (< 25 detections) are not 
presented. * denotes part of identified and investigated general out-
breaks [10, 11]
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This may reflect age-specific exposures to recognized risk 
factors for STEC (consumption of beef, raw/undercooked 
meat or cured meat/cold cuts, and contaminated fruits and 
vegetables) in children and adolescents, but also less immu-
nity to STEC in children [17–19].

EPEC is a principal bacterial cause of diarrheal diseases 
and outbreaks among infants, in developing countries. It may 
be associated with severe outcomes including death [20–22]. 
EPEC’s virulence genes including the intimin gene eae are 
encoded on the chromosomal locus of enterocyte effacement 
(LEE) pathogenicity island. The QIAstat-Dx® Gastrointes-
tinal Panel detects the eae gene and reports positive samples 
as EPEC positive. In developed countries, such as Denmark, 
the clinical importance of EPEC in older children and adults 
is uncertain [23]. For this reason, we analyzed EPEC data 
< 2 years and ≥ 2 years of age. In patients ≥ 2 years of 
age, EPEC was the most commonly detected gastrointestinal 
pathogen with 1421 cases and with a seasonality very differ-
ent from EPEC < 2 years of age. In addition, the infection 
was infrequent in older children and adolescents, and the 
mean age was 47 years of age. This is in line with the find-
ings by Spina et al. using the FilmArray GI Panel [20]. The 
pathogenic potential of this E. coli pathotype in children 
above 2 years of age and adults remains to be determined 
and may call for caution to report this pathotype to clini-
cians, as it may mislead clinicians and delay the diagnosis 
of other non-infectious diarrheal causes.

C. difficile was the most frequently detected pathogen 
and with the expected highest median age, which is in 

concordance with earlier studies. C. difficile infection (CDI) 
is a result of prior or current antimicrobial treatment, and 
some of the detected infections may therefore represent sim-
ple carrier states rather than true CDI. For detecting patients 
at increased risk for clinically significant CDI, some authori-
ties recommend a nucleic acid amplification test (NAAT) 
like the QIAstat-Dx® Gastrointestinal Panel to be part of a 
two-step test algorithm [24]. As clinical information was not 
available, the discussion of the need for a multistep approach 
is outside the scope of the present study. Because of the high 
prevalence of asymptomatic carriage of toxigenic C. difficile 
in infants and toddlers, C. difficile should not be routinely 
reported in children less than 2 years of age, or other infec-
tious/non-infectious causes must be excluded [24].

The study uncovered an unexpected high number of 
Cryptosporidium spp. infections including several possible 
outbreaks. Prior to analysis with the QIAstat-Dx® Gastroin-
testinal Panel, Cryptosporidium spp. was largely undetected 
in our region, partly because samples rarely were tested for 
the protozoa and because traditional diagnostic methods 
have low or moderate sensitivity [25]. In Denmark, it is 
assumed that transmission occurs through contact with live-
stock, especially cattle, or through contaminated food, fluids, 
and recreational water activities [26]. However, Denmark 
has no national surveillance of cryptosporidiosis, and as an 
emerging pathogen in Denmark with a likely significant pub-
lic health impact, an investigation of sources of infections, 
routes of transmission, and disease burden of infections is 
urgently needed.

Fig. 7  The median and quartiles of PCR Ct values. Pathogens detected < 10 times are not presented
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A feature of the QIAstat-Dx® Gastrointestinal Panel is 
the availability of Ct values and amplification curves for each 
target detected. In our study, Ct values varied extensively 
among the pathogens, with the lowest values for astrovi-
rus, adenovirus, and rotavirus. Brown et al. observed that in 
the pediatric cohort in a UK hospital, norovirus presented 
significantly lower Ct values than the other viral pathogens 
[27]. The discrepancy might be partly due to different qPCR 
methods/platforms used and partly due to the difference in 
patient groups. Since qPCR analysis can detect the pres-
ence of a small amount of pathogen DNA/RNA, a possibil-
ity for quantification/semiquantification would be desirable 
for judging the clinical relevance of the detected pathogen. 
Ct values could potentially be used as an indicator for the 
pathogen amount in the sample. Earlier studies observed 
lower median Ct values in symptomatic patients compared 
with patients with asymptomatic carriage or colonization 
[8]. However, one should be cautious to use Ct values as a 
semiquantitative tool for pathogens. This is due to Ct values 
depending on pathogen load, preanalytic factors like prior 
antimicrobial treatment, sampling, transport time, storage 
of specimens, and analytical factors including DNA/RNA 
extraction, the primer design, and the effectivity of the 
detection of amplified products [6].

There are limitations associated with this study. First, 
qPCR analysis is extremely sensitive, allowing for the detec-
tion of very small amounts of pathogens, which may or may 
not represent biologically or clinically relevant infections. 
There is a lack of knowledge on the length of excretion of 
detectable DNA/RNA of enteric pathogens after diarrheal 
episodes and in different age and patient groups. In addition, 
some pathogens including EPEC ≥ 2 years old and EAEC 
asymptomatic carriage in epidemiological studies indicate 
inconsistent relationships between marker gene presence and 
diarrheal symptoms. The laboratory may not report patho-
gens with incomplete established diarrhoeagenic potential or 
qualify test reports with added written clinical guidance. In 
addition, clinicians need to provide an educated judgment on 
the clinical relevance of the results and/or rely on baseline 
data. Furthermore, clinicians may be encouraged to qualify 
test requests, for example, for community-acquired diarrhea 
only to request a test if the duration of the diarrhea has been 
> 7 days, diarrhea with warning signs/risk factors for severe 
disease, or suspicion of an outbreak.

No E. histolytica was found in this study, but the Parasitic 
Gastroenteritis EQA programs from QCMD has in our hands 
demonstrated QIAstat-Dx’s ability to detect E. histolytica in 
the EQA programs from 2021 and 2022.

For economic reasons, we did not perform repeated test-
ing (within 7 days) regardless if the first sample was posi-
tive or negative. However, it cannot be excluded that some 

patients were additionally tested with QIAstat-Dx® Gastro-
intestinal Panel after 7 days for the same diarrhoeal episode.

During the COVID-19 epidemic, a general decrease in 
the number of diarrheal infections was observed in Den-
mark [28]. This study was performed after the end of the 
Danish travel restrictions implemented during the COVID-
19 epidemic. However, this was not the case for all typi-
cal Danish travel destinations, and an impact of persistent 
COVID-19 travel restrictions may have had an impact on 
the total number of detected infections and on the number 
of travel-related infections in the present study. A draw-
back of the QIAstat-Dx® Gastrointestinal Panel is the cost 
per sample. However, the test expenditure may be compen-
sated by savings in clinical wards by decreasing the time 
to diagnosis, contact precautions, unnecessary diagnostic 
examinations, and shorter lengths of stay at the hospital.

For patients care and for local, regional, and national 
surveillance purposes, selected enteric pathogens should 
subsequently be further characterized (culture, anti-
biogram testing, and/or molecular typing, including by 
whole-genome sequencing (WGS), but this is out of scope 
for the present study.

Conclusions

Routine use of the QIAstat-Dx® Gastrointestinal Panel 
identified a large range of gastrointestinal pathogens, 
including earlier underdetected pathogens like Crypto-
sporidium spp., in 37% of all the fecal samples during 
a 1-year period in Region Zealand, Denmark. Distinct 
seasonality and age-specific patterns of infections were 
observed for several pathogens, especially viral pathogens. 
All pathogens were detected in both single and coinfec-
tions, though with varied distribution. The QIAstat-Dx® 
Gastrointestinal Panel with its ease-to-use and short turn-
around time is a useful tool for diagnostic testing of gas-
trointestinal infections, both for in- and outpatients.
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