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Point-of-care multiplex-PCR enables germ identification
in haemolytic uremic syndrome 94 h earlier than stool culture
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Abstract
Haemolytic uremic syndrome often affects children causing a relevant morbidity and mortality. We compared the time to
diagnosis by multiplex-PCR and stool culture in 15 children from two centres. Multiplex-PCR accelerated the time to diagnosis
by 94 (95% confidence interval, 80–119; P = 0.0007) hours. Multiplex-PCR offers a time advantage of stool culture that may aid
in earlier identification of outbreak clusters.

Keywords Biofire . Gastrointestinal panel . Shiga-like toxin . Children

Introduction

Much has been written since the initial assessment of clinical
human faecal samples for shiga toxin–producing Escherichia
coli using the multiplex-PCR for gastrointestinal pathogens
[1]. These scientific contributions did however focus on infec-
tious diarrhoea per se [2], but not haemolytic uremic syn-
drome. In addition, the performance of the multiplex-PCR
has only been compared to conventional stool analyses for
infectious diarrhoea [3]. We thus evaluated the BioFire gas-
trointestinal panel multiplex-PCR for its performance in the

detection of shiga toxin–producing E. coli with special focus
on time to diagnosis.

Methods

We retrospectively analysed the clinical records of all patients
below the age of 18 years diagnosed with typical haemolytic
uremic syndrome that were admitted between 1st October
2017 and 31st March 2018 to two academic medical centres
in two different continents. Using predefined abstraction
charts, we collected patient data on age, length of hospital
stay, admission to and length of intensive care stay, duration
of renal replacement therapy if necessary, required time from
obtaining stool samples to diagnosis via multiplex-PCR and
stool culture as well as mortality. Stool culture was conducted
following clinical routines and the BioFire gastrointestinal
panel multiplex-PCR has been used following the manufac-
turer’s instructions.

Statistical analysis has been conducted using R (version
3.6.3) [4]. Data were analysed for normality by the Shapiro-
Wilk test and the median times to diagnosis were compared
via Mood’s test for differences in medians from the
RVAideMemorie package (version 0.9–75). Agreement be-
tween the multiplex-PCR and stool culture was assessed using
Cohen’s kappa using R’s irr-package (version 1.2.0). We
bootstrapped bias–corrected, accelerated confidence intervals
for differences between medians with the simpleboot-package
(version 1.1–7). Differences between medians could only be
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calculated by excluding the case without stool culture as miss-
ing data could not be handled by the bootstrap function. Data
are presented as median. Statistical significance was assumed
with P < 0.05.

Results

We included 15 patients with a median age of 26 months
(range 9–73) that had a median hospital stay of 17 days (range
2–96). Twelve of these patients (80%) were admitted to the
paediatric intensive care unit with a median length of stay of
9 days (range 2–34). All of these patients required renal re-
placement therapy for a median of 8 days (range 2–12). Two
of them were discharged directly from the paediatric intensive
care unit and one patient died from a multi-organ dysfunction
syndrome.

Pathogen identification was possible in all cases by multi-
plex-PCR, whereas stool culture identified a causative germ in
13 of 15 patients. Only one stool culture was negative; another
patient did not have a stool culture. The multiplex-PCR iden-
tified an E. coli O157 in 11 cases and shiga toxin–producing
E. coli in the remaining four cases. In contrast, the stool cul-
ture identifiedE. coliO157 in eight cases,E. coliO145 in two,
shiga toxin-2–producing E. coli in another two, and shiga
toxin–producing E. coli non O157 in the remaining case.
This yields a moderate agreement of κ = 0.481 (z = 3.02,
P = 0.00256).

Multiplex-PCR identified the causative organism after a
median duration of 1.47 h (IQR, 1.32–3.82) since admission,
whereas stool culture needed a median duration of 96 h (IQR,
72–114). This leads a time advantage of multiplex-PCR of
94 h (95% confidence interval 80–119; χ2 = 11.571; df = 1;
P = 0.0007) compared to stool culture.

Discussion

Multiplex-PCR for gastrointestinal pathogens has been de-
scribed in its use for the detection of causative germs in
haemolytic uremic syndrome with its first introduction [1],
but its use in children has been focused on infectious diarrhoea
[2, 3]. Multiplex-PCR for gastrointestinal pathogens has been
described to lower health care costs in children, reduce unnec-
essary radiologic and interventional procedures, and reduce
prescription of antimicrobial chemotherapy [5]. A result that
could also be corroborated in adults [6].

The importance of successful pathogen identification is
crucial even in the absence of haemolytic uremic syndrome:
Childrenwith acute bloody diarrhoea have an increased risk of
being infected with shiga toxin–producing E. coli and more
than 50% of stool cultures in these patients do not detect the
causative germ [7]. In line with previous results on infectious

diarrhoea [8], multiplex-PCR increased the cumulative path-
ogen identification in our study compared to stool culture
alone. This is crucial for epidemiologic questions as more than
a half of cases may have an unknown ethology based on
conventional stool testing [9]. Moreover, systematic parallel
testing of stool samples with multiplex-PCR resulted in the
identification of the causative germ 94 h earlier than conven-
tional stool testing. This time advantage could have relevant
public health implications by earlier detection of an outbreak
that may be traced back to a certain place—a playground in an
outbreak in Germany 2011 [10]—and thus allow its elimina-
tion by taking appropriate measures to stop it.

Authors’ contributions All authors contributed to the study conception
and design, data collection and analysis as well as writing, and approved
the submission.

Funding The multiplex-PCR apparatus in the Hospital Pediátrico Dr.
Humberto Notti was provided by the manufacturer BioFire Diagnostics,
LLC. The funder played no role in the study or in the decision to submit
the report for publication.

Data availability Raw data are available from the corresponding author.

Compliance with ethical standards

Conflict of interest Luis Hernán Llano López and Pablo Melonari were
invited speakers on webinars and meetings organised by BioFire
Diagnostics LLC and Biomérieux Argentina. None of the authors re-
ceived fees or any other recompensations for their research.

Ethical approval Retrospective analyses are exempt from ethical ap-
proval by law per article 36 paragraph 2 Landeskrankenhausgesetz
Rheinland-Pfalz.

References

1. Qin X, Klein EJ, Galanakis E, Thomas AA, Stapp JR, Rich S et al
(2015) Real-time PCR assay for detection and differentiation of
shiga toxin-producing Escherichia coli from clinical samples. J
Clin Microbiol 53:2148–2153. https://doi.org/10.1128/JCM.
00115-15

2. Nycz BT, Pretty K, Gomez-Trujillo A, Sanchez B, Dominguez SR
(2019) Description of enteropathic Escherichia coli species in pe-
diatric patients at a quaternary children’s hospital. J Pediatric Infect
Dis Soc 5:piz081. https://doi.org/10.1093/jpids/piz081

3. Kellner T, Parsons B, Chui L, Berenger BM, Xie J, Burnham C-AD
et al (2019) Comparative evaluation of enteric bacterial culture and
a molecular multiplex syndromic panel in children with acute gas-
troenteritis. J ClinMicrobiol 57:e00205–e00219. https://doi.org/10.
1128/JCM.00205-19

4. R Core Team (2019) R: a language and environment for statistical
computing [Internet]. R Foundation for Statistical Computing,
Vienna [cited 2019 25]. https://www.R-project.org

5. Beal SG, Tremblay EE, Toffel S, Velez L, Rand KH (2017) A
gastrointestinal PCR panel improves clinical management and
lowers health care costs. J Clin Microbiol 56(1):e01457–e01417.
https://doi.org/10.1128/JCM.01457-17

Eur J Clin Microbiol Infect Dis

https://doi.org/10.1128/JCM.00115-15
https://doi.org/10.1128/JCM.00115-15
https://doi.org/10.1093/jpids/piz081
https://doi.org/10.1128/JCM.00205-19
https://doi.org/10.1128/JCM.00205-19
https://www.r-roject.org
https://doi.org/10.1128/JCM.01457-17


6. Axelrad JE, Freedberg DE, Whittier S, Greendyke W, Lebwohl B,
Green DA (2019) Impact of gastrointestinal panel implementation
on health care utilization and outcomes. J Clin Microbiol 57:
e01775–e01718. https://doi.org/10.1128/JCM.01775-18

7. McKee RS, Tarr PI, Dietzen DJ, Chawla R, Schnadower D (2018)
Clinical and laboratory predictors of shiga toxin–producing
Escherichia coli infection in children with bloody diarrhea. J
Pediatric Infect Dis Soc 7:e116–e122. https://doi.org/10.1093/
jpids/piy025

8. Calderaro A, Martinelli M, Buttrini M, Montecchini S, Covan S,
Rossi S et al (2018) Contribution of the FilmArray ®
Gastrointestinal Panel in the laboratory diagnosis of gastroenteritis
in a cohort of children: a two-year prospective study. Int J Med
Microbiol 308:514–521. https://doi.org/10.1016/j.ijmm.2018.04.
007

9. Pomajzl RJ, VarmanM, Holst A, Chen A (2009) Hemolytic uremic
syndrome (HUS)—incidence and etiologies at a regional
Children’s Hospital in 2001–2006. Eur J Clin Microbiol Infect
Dis 28:1431–1435. https://doi.org/10.1007/s10096-009-0800-y

10. Nielsen S, Frank C, Fruth A, Spode A, Prager R, Graff A et al
(2011) Desperately seeking diarrhoea: outbreak of haemolytic
uraemic syndrome caused by emerging sorbitol-fermenting shiga
toxin-producing Escherichia coli O157:H-, Germany, 2009: HUS
outbreak caused by sf STEC O157:H. Zoonoses Public Health 58:
567–572. https://doi.org/10.1111/j.1863-2378.2011.01405.x

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Eur J Clin Microbiol Infect Dis

https://doi.org/10.1128/JCM.01775-18
https://doi.org/10.1093/jpids/piy025
https://doi.org/10.1093/jpids/piy025
https://doi.org/10.1016/j.ijmm.2018.04.007
https://doi.org/10.1016/j.ijmm.2018.04.007
https://doi.org/10.1007/s10096-009-0800-y
https://doi.org/10.1111/j.1863-2378.2011.01405.x

	Point-of-care multiplex-PCR enables germ identification in haemolytic uremic syndrome 94&newnbsp;h earlier than stool culture
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


