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A B S T R A C T

In this study real-time PCR assays were evaluated for the detection of enteroaggregative hemorrhagic Escherichia
coli (EAHEC) O104:H4 in artificially contaminated mung bean and/alfalfa sprouts inoculated with 1, 10, and
100 CFU of EAHEC O104:H4 per 25 g sample (20, 10, and 2 replicates respectively). After selective culture
enrichment the samples were tested using commercial real-time PCR kits detecting aggR/aaiC, stx/eae, and
wzxO104. Using the commercial real-time PCR kits, the artificially contaminated samples were detected in the
range of 75–80% positive results when contaminated with approximately 1 CFU, and 100% at 10 and 100 CFU.
Microbiological detection employing O104-specific immunomagnetic capture and plating onto chromogenic
media (modified Rainbow Agar and CHROMagar STEC) and confirmation by latex agglutination and PCR gave
similar results (Cohen's kappa value between 0.61 and 1). In addition, the real-time PCR assay targeting the aggR
and aaiC genes, indicative of enteroaggregative Escherichia coli (EAggEC), was tested against a panel of 60
bacterial strains and demonstrated 100% exclusivity (54 strains) and 100% inclusivity (6 strains). This study
demonstrates the efficacy of the real-time PCR assays for the specific and sensitive detection of EAHEC from
spouts.

1. Introduction

Enteroaggregative Escherichia coli (EAggEC) have been recognized
as the most common bacterial cause of diarrhea in patients affected by
HIV and infants in developing countries, as well as in travelers (Huang
et al., 2004; Nataro et al., 2006). Members of this E. coli pathotype are
characterized by their ability to adhere to intestinal cells in a distinct
“stacked and brick-like” manner (Nataro et al., 1987). EAggEC are
characterized by a large number of virulence factors (Okeke et al.,
2010), several of which are encoded on the pAA2 virulence plasmid.
The plasmid-borne virulence genes include the astA gene, encoding an
enteroaggregative heat-stable toxin (EAST1), and aggR, encoding a
transcriptional regulator that plays a main role in the pathogenic me-
chanism of EAggEC (Morin et al., 2013). The aggR gene has been con-
sidered a good target for the detection and identification of EAggEC
(EFSA BIOHAZ Panel, 2013). To circumvent the possible loss of the

plasmid, Taniuchi et al. (2012) suggested that the detection of the aaiC
gene, encoding a secreted protein and harbored by the chromosomally
encoded aggR-activated pathogenicity island, could serve as a more
stable target.

It has been observed that Shiga toxin-producing Escherichia coli
(STEC) strains positive for aaiC and aggR genes are associated with a
higher risk of more severe illness than other STEC (EFSA BIOHAZ Panel,
2013). Indeed, in 2011 a hemorrhagic EAggEC (EAHEC) O104:H4
strain, having acquired a gene encoding Shiga toxin 2, caused an out-
break originating from contaminated fenugreek seeds in Germany, re-
sulting in 2987 cases of gastroenteritis, 855 cases of haemolytic uremic
syndrome and 53 deaths (Robert Koch Institute, 2011). Genome se-
quencing of the epidemic strain revealed the presence of virulence
markers typical of both STEC (stx2, iha, lpfO26, lpfO113) and EAggEC
(aggA, aggR, aaiC, pic, aap) pathotypes. Since then, the European Food
Safety Authority Panel on Biological Hazards suggests STEC and

https://doi.org/10.1016/j.ijfoodmicro.2018.11.011
Received 2 August 2018; Received in revised form 9 November 2018; Accepted 9 November 2018

☆ Mention of trade names or commercial products is solely for the purpose of providing specific information and does not imply recommendation or endorsement
by the U.S. Department of Agriculture.

⁎ Corresponding author at: Eastern Regional Research Center, U.S. Department of Agriculture, Agricultural Research Service, 600 East Mermaid Lane, Wyndmoor,
PA 19038, USA.

E-mail address: george.paoli@ars.usda.gov (G. Paoli).

International Journal of Food Microbiology 291 (2019) 59–64

Available online 13 November 2018
0168-1605/ Published by Elsevier B.V.

T



EAggEC molecular detection criteria and zero tolerance for the patho-
gens in seeds and sprouts, respectively (EFSA BIOHAZ Panel, 2013).
The European Commission also released an amendment to Regulation
(EC) No 2073/2005 providing a microbiological criterion for sprouted
seeds that calls for the absence of the top-5 STEC serogroups (O157,
O26, O111, O103, O145) and O104:H4 in 25 g (Regulation (EC) No
209/2013).

Screening STEC for the presence of the additional virulence markers
aaiC or aggR genes is not routinely undertaken. However, the EFSA
Panel on biological hazards (EFSA BIOHAZ Panel, 2013) published a
series of recommendations relating to a molecular approach for the
categorization of STEC strains that, in addition to testing for the pre-
sence of stx genes, included testing for the aaiC and aggR genes.

Sprouts consumption has increased among consumers due to its
nutritional benefits. Mung bean sprouts are the most widely consumed
sprouts in the world, while alfalfa sprouts are among the most common
sprout varieties consumed in the U.S. (Mueller, 2008; Oplinger et al.,
1990). However, sprouts represent a food safety concern because they
are processed under conditions (temperature, water activity, pH) that
promote the growth of bacteria (including pathogens, if present) and
they are often consumed raw. Therefore, outbreaks related to sprouts
consumption have been recently reported in the United States (Dechet
et al., 2014) and worldwide, also including those caused by pathogenic
E. coli (EFSA, 2011; Gensheimer and Gubernot, 2016).

Besides the European legislation requiring control of STEC in
sprouted seeds (Regulation (EC) No 209/2013), mentioned above, the
U.S. Food and Drug Administration very recently published standards
for commercial sprout production (US FDA, 2017). Thus, effective
methods for pathogen detection in vegetables and fresh produce, in-
cluding sprouts, are needed to guarantee consumer safety and several
studies have been conducted to find effective culture enrichments or
real-time PCR-based methods to provide rapid and sensitive methods
for detection of STEC and EAggEC in sprouts or vegetables (Amagliani
et al., 2018; Baranzoni et al., 2014; Barbau-Piednoir et al., 2018;
Barletta et al., 2013; Feng et al., 2010; Jinneman et al., 2012;
Kuwayama et al., 2011; Taniuchi et al., 2012; Tzschoppe et al., 2012;
Weagant and Bound, 2001).

Taking into account BIOHAZARD EFSA Panel recommendations and
epidemiological data, the purpose of this study was to evaluate the
performance of real-time PCR-based methods for the specific and sen-
sitive detection of EAggEC/EAHEC in sprout samples. To this end,
Diatheva FLUO Real-Time PCR assays (Diatheva srl, Cartoceto, Italy)
were used for detection and characterization of an O104:H4 EAHEC
strain from artificially contaminated mung bean and alfalfa sprouts.
The Diatheva FLUO kits are a set of triplex real-time PCR assays tar-
geting stx1/stx2 and eae (STEC FLUO Detection kit; catalogue code
MBK0068), O-serogroup-specific targets (E.coli O104 FLUO kit; for in-
formation contact Diatheva via their web-page at https://www.
diatheva.com/contact-us), and aggR and aaiC genes
(Enteroaggregative E.coli kit; for information contact Diatheva via their
web-page at https://www.diatheva.com/contact-us). While the STEC
FLUO and Serotype FLUO detection kits have been evaluated previously
(Amagliani et al., 2018; Rotundo et al., 2018), this is the first study to
report an evaluation of the Enteroaggregative E.coli kit. Microbiological
detection, using selective chromogenic media, and isolate confirmation,
by immunological and alternate real-time PCR methods, were con-
ducted on the same samples.

2. Materials and methods

2.1. Bacterial strains and specificity testing

The bacterial strains used in this study are listed in Table 1. In ad-
dition, DNA extracted from an O104:H4 strain from the 2011 outbreak
in Germany, kindly provided by Alexander Mellmann University of
Munster, was tested. A total of 60 bacterial strains were used to assess

the specificity of the Enteroaggregative E.coli kit. Fifty-four bacterial
strains, including 13 species from 12 genera were used for exclusivity
testing (Table 1). The exclusivity set included 40 strains of E. coli that
were negative for the aggR and aaiC gene targets. Twenty-nine of the E.
coli strains had gene(s) for production of Shiga toxin (11 strains with
stx1, 21 strains with stx2, and 3 strains with both stx1 and stx2) and 16
strains had a gene encoding intimin (10 strains with both eae and stx1
or stx2 and 6 strains with eae but no stx gene). Six aggR- and aaiC-
positive strains of E. coli were used for inclusivity testing, 4 of which
had a stx2 gene. A more complete description of relevant characteristics
of individual strains is available in Supplementary Table 1.

All strains were grown overnight in a tube containing 10mL of
Tryptic Soy Broth medium (TSB) in a New Brunswick Innova 4200 in-
cubator (Eppendorf, Hauppauge, NY) at 37 °C with shaking (180 rpm)
or streaked onto Tryptic Soy Agar (TSA) at 37 °C for 18 h. To prepare
DNA for specificity testing, a single colony was collected with a sterile
loop, picked into 50 μl of nuclease free water and the DNA was ex-
tracted by heating the sample at 95 °C for 10min. Five microliters of the
boiled extract was used to provide template DNA for the PCR assay. The
thermocycling conditions consist of 95 °C for 10min, 40 cycles at 95 °C
15 s and 60 °C for 1min using the ABI7500 FAST instrument. The am-
plification signal was acquired in the green, red, and yellow channels,
as described in the manufacturer's instruction.

The E. coli O104:H4 2011C-3493 strain was chosen for the con-
tamination of alfalfa (Medicago sativa) and mung bean sprouts (Vigna
radiata) because this strain carries both aggR and aaiC gene targets as

Table 1
Bacterial strains used and results of EAggEC PCR specificity testing.

Bacterial strains⁎ Number of
strains
tested

Number of
stx-positive
strains

Number of
eae-
positive
strains

Number of
aggR- &
aaiC-
positive
strains

Exclusivity
Citrobacter freundii 1 0 0 0
Enterobacter cloacae 1 0 0 0
Enterococcus faecalis 1 0 0 0
Escherichia coli 40 29 16 0
Listeria innocua 1 0 0 0
Listeria monocytogenes 1 0 0 0
Klebsiella pneumoniae 1 0 0 0
Proteus vulgaris 1 0 0 0
Pseudomonas aeruginosa 1 0 0 0
Salmonella enterica 2 0 0 0
Shigella flexneri 1 0 0 0
Staphylococcus aureus 2 0 0 0
Yersinia pseudotuberculosis 1 0 0 0

Inclusivity
Escherichia coli 6 4 6 6

⁎ Stains used for exclusivity testing: C. freundii ATCC 8090; E. cloacae
ATCC13047; E. faecalis UU 4421; E. coli strains ATCC 25922 (O6), UU1, UU2,
UU3, D2435 (O48), D2587 (O174), D3435 (O73), D3509 (O2), D3522 (O8),
D3546 (O128), D3602 (O174), D3648 (O139), ED495 (O113), ED513 (O128),
ED546 (O159), ED585 (O111), ED600 (O26), ED603 (O121), ED643 (O26),
ED645 (O145), ED654 (O26), EF292 (O145), EF299 (O145), EF333 (O26),
EF334 (O26), EF335 (O26), EF337 (O26), ATCC 35150 (O157:H7), [RM8799,
RM9387, RM1037, 9.0124, 6.0830, and EQA6 3744 (O104:H7)], [94-3024,
TW04909 (O104:H21)], and 1.2673 (O104:H12); K. pneumoniae ATCC13883; L.
innocua ATCC 33090; L. monocytogenes ATCC 9525; P. vulgaris UU1; P. aerugi-
nosa ATCC10145; S. enterica (UU7 serotype Enteritidis and UU2 serotype
Newport); S. flexneri ATCC 12022; S. aureus [ATCC 6538 and ATCC 25923]; and
Y. pseudotuberculosis R852; Strains used for inclusivity: E. coli O104:H4 strains
2011C-3493, 2009EL-2050, 2009EL-207, EQA4 2710 and DNA from an EAggEC
O104:H4 strain involved in the 2011 German outbreak (kindly provided by Dr.
Helge Karch (University of Münster Germany)); and strain UU O42 (O42). A
more complete description of relevant characteristics of individual strains, in-
cluding the source of the strains, is available in Supplementary Table 1.
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well as the stx2 gene.

2.2. Preparation of inoculum, contamination and enrichment procedure

E. coli strain 2011C-3493 was grown on modified Rainbow Agar
(mRBA, Biolog, Hayward, CA, USA) and incubated at 37 °C for 16 h. A
single colony from the overnight culture was transferred into a tube
containing 10ml of TSB and incubated in a New Brunswick Innova
4200 incubator (Eppendorf) overnight at 37 °C with shaking (180 rpm).
Ten-fold serial dilutions were made in phosphate-buffered saline (PBS,
Sigma-Aldrich) up to 10−9 and 1ml portions of the dilutions corre-
sponding to ~1, 10, and 100 CFU/ml were used to inoculate food
matrices. One hundred microliters of appropriate dilutions were plated
on TSA and, after overnight incubation at 37 °C, colonies were counted
to determine the experimental cell concentrations.

Alfalfa and mung bean sprouts were purchased from a local retail
market. Test portions of 25 g were placed into sterile filter bags and
were contaminated with approximately 1, 10, and 100 CFU of E. coli
O104:H4 (10 bags, 5 bags, and 1 bag, respectively) and stored at +4 °C
for 48 h. Afterward, samples were homogenized in 225ml of modified
Buffered Peptone Water with pyruvate (mBPWp, Acumedia, Neogen
Corporation, Lansing, MI) and pummeled using a Stomacher Lab
Blender 400 (Seward Laboratory System, Bohemia, NY, USA) for 60 s.
The enrichments were incubated for 5 h at 37 °C, at which time acri-
flavin hydrochloride (10mg/l) (Sigma Aldrich, St. Louis, MO), cefsu-
lodin sodium salt (10mg/l) (A. G. Scientific, Inc., San Diego, CA), and
vancomycin hydrochloride (8mg/l) (Sigma Aldrich) (ACV) were added
to the samples and incubated for 18 h at 42 °C, as recommended by the
FDA-BAM method. One uninoculated sample was included in the ex-
periment as negative control. The experiment was repeated so that a
total of 20, 10, and 2 samples of the ~1, 10, and 100 CFU inocula,
respectively, were tested.

The level of background microbial population at time 0 and after
48 h at 4 °C was examined using three types of Petrifilm plates
(Petrifilm™ AC, 3M, St. Paul, MN, USA): Aerobic Count Plate (ACP),
E.coli/Coliform Count Plate (E.coli/CCP), and Enterobacteriaceae Count
Plate (ECP).

2.3. DNA isolation and real-time PCR detection from artificially
contaminated sprouts

One aliquot (1ml) of alfalfa or mung bean sprout enrichment cul-
ture was recovered and the genomic DNA was extracted using the
PrepSEQ Rapid Spin Sample Preparation kit (Life technologies, Foster
City, CA, USA) following the manufacturer's instruction. The genomic
DNA was tested using the STEC FLUO detection kit (MBK0068) for stx
and eae detection, the E. coli O104 FLUO kit (MBK0085) for the iden-
tification of the O104 serogroup, and the Enteroaggregative E. coli kit
(MBK0084) for detection of aggR and aaiC targets. These PCR assays
provide a ready to use PCR mastermix containing primers, probes,
polymerase, positive controls, and Internal Amplification Control (IAC),

manufactured by Diatheva srl (Italy). The thermocycling conditions
were the same as described above in Section 2.1.

2.4. Microbiological, immunological and real-time PCR confirmation of E.
coli O104 isolates

Enrichment culture samples were also tested using chromogenic
media. One-ml aliquot of alfalfa or mung bean sprout enrichment cul-
tures was collected and mixed with 20 μl of E. coli O104:H4 im-
munomagnetic beads (IMBs) (Abraxis, Warminster, PA, USA) and in-
cubated for 10min with agitation (14 rpm) on a rotating mixer (Fisher
Scientific). Subsequently, the tubes were placed into a magnetic rack for
3min, the supernatant was discarded and the IMBs were washed three
times with phosphate buffered saline plus 0.05% Tween 20 (PBST,
Sigma Aldrich). The IMBs were resuspended in 100 μl of PBST, gently
vortexed, split into two 50 μl-aliquots and plated onto mRBA supple-
mented with 0.05mg/l cefixime trihydrate, 5 mg/l novobiocin sodium
salt, and 0.15mg/l potassium tellurite hydrate (Sigma Aldrich) and
Chromagar STEC (CHROMagar, Paris, France) using a sterile swab or
loop. The plates were incubated at 37 °C for 18 h in the dark. After
overnight growth, presumptive E. coli O104 colonies from both mRBA
and CHROMagar were tested using the E. coli O104:H4 Latex test kit
(Abraxis, Warminster, PA, USA) following the manufacturer's instruc-
tion. Colonies yielding a positive latex agglutination test were con-
firmed by further real-time PCR using primers and probes for identifi-
cation of stx2, aggR, and wzxO104 (Table 2).

The genomic DNA was extracted as described above in Section 2.1
and the PCR assay was performed using 20 μl of Environmental Master
Mix (Life Technologies) and 5 μl of genomic DNA in the presence of
IAC. Primer and probe concentrations are listed in Table 2. Multiplex
real-time PCR was performed with the ABI 7500 FAST under the fol-
lowing cycle condition: denaturation at 95 °C for 15min, followed by
40 cycles of 95 °C for 15 s and 59 for 1min.

3. Results and discussion

Shiga toxin-producing Escherichia coli (STEC) are responsible of se-
vere foodborne outbreaks worldwide and the O157, O26, O103, O111,
and O145 serogroups are considered the most epidemiologically re-
levant (EFSA and ECDC, 2017). Also an E. coli O104:H4 strain caused
severe illness in Germany in 2011 (Robert Koch Institute, 2011) and
represents an uncommon pathotype due to the presence of both STEC
and EAggEC genetic characteristics, hence this strain is referred to as
hemorrhagic EAggEC (EAHEC). Several official methods such as
ISO13136:2012, ISO16654:2001 and the FDA-BAM have been devel-
oped and issued from regulatory agencies to enhance food control and
food safety, and recently the EFSA Panel on Biological Hazards sug-
gested the screening of STEC for the presence of aaiC and aggR genes as
part of their surveillance plan (EFSA BIOHAZ Panel, 2013).

The PCR-based methods developed by Diatheva are rapid and sen-
sitive real-time PCR assays for the detection of stx-eae, O-group, and

Table 2
Primer and probe sequences used for the real-time PCR confirmation of EAggEC O104:H4 colonies.

Primer/probe Nucleotide sequence Final Conc.
(μM)

Reference

stx 1/2-F TTT GTY ACT GTS ACA GCWGAA GCY TTA CG 1.25 Wasilenko et al. (2012)
stx 1/2-R CCC CAG TTC ARWGTR AGR TCM ACR TC 1.25 Wasilenko et al. (2012)
stx 2-P /56FAM/ TCG TCA GGC /ZEN/ ACT GTC TGA AAC TGC TCC /3IAbkFQ/ 0.25 Wasilenko et al. (2012)
aggR-333f CAG CGA TAC ATT AAG ACG CCT AAA G 1 Hidaka et al. (2009)
aggR-448r CGT CAG CAT CAG CTA CAA TTA TTC C 1 Hidaka et al. (2009)
aggR-pro /56-TAMN/ AGA TGC TTG CAG TTG TCC GAA TTG GTC /3BHQ_2/ 0.2 Baranzoni et al. (2014)
wzxO104 F TGT CGC GCA AAG AAT TTC AAC 1 Bugarel et al. (2010)
wzxO104 R AAA ATC CTT TAA ACT ATA CGC CC 1 Bugarel et al. (2010)
wzxO104 P /5Cy5/ TTG GTT TTT TTG TAT TAG CAA TAA GTG GTG TC /3BHQ_2/ 0.2 Baranzoni et al. (2014)
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aggR-aaiC target genes in foodstuffs. In previous studies (Amagliani
et al., 2018; Rotundo et al., 2018) the performance of the STEC FLUO
detection and E.coli O104 FLUO kits was assessed using different en-
richments, food matrices and real-time PCR assays. The aim of this
study was to evaluate the Diatheva kits for detection of EAHEC in
sprout samples artificially contaminated with E. coli O104:H4. The re-
sults were compared with those obtained using the microbiological
detection: selective culture enrichment, IMS, plating on selective
chromogenic media, and confirmation by latex agglutination and real-
time PCR.

3.1. Specificity testing

The inclusivity and exclusivity of the Enteroaggregative E.coli kit
was tested using a panel of 60 bacterial strains (Table 1). Genomic DNA
from six strains of E. coli serotype O104:H4 carrying the aggR and aaiC
targets were tested for the inclusivity, and 54 strains lacking the target
genes were tested for the exclusivity. The results (Table 1) show 100%
specificity: all the bacterial strains positive for the aggR and aaiC targets
were amplified (6/6) and no false positives were obtained from the non-
EAggEC samples (0/54) or from the negative control. The IAC was
amplified in all samples. The inclusivity and exclusivity of the STEC
FLUO and Serotype FLUO kits was reported previously (Amagliani
et al., 2018) but the specificity of these assays was confirmed in the
present study.

3.2. Microbiota examination of sprouts

The native bacterial communities associated with the mung bean
and alfalfa sprout samples were enumerated and characterized in un-
inoculated samples before and after 48 h storage at 4 °C by plating on
ACP, E.coli/CCP, and ECP Petrifilms. The total aerobic bacteria from
mung bean sprouts enumerated on ACP increased ~16-fold during the
48 h of storage (from 7.3×107 to 1.2×108 CFU/g), while the number
of Enterobacteriaceae on ECP increased by 10-fold (from 1.3×106 to
1.3×107) and the E.coli/Coliform on the E.coli/CCP increased by
~2.6-fold (from 3.4× 105 to 8.8×105) (Table 3). The alfalfa sprout
samples tested before and after the incubation enumerated on ACP,
ECP, and E.coli/CCP plates show an increase of 3.7, 3.22, and 2.07-fold,
respectively, from starting concentrations of 4.6× 108, 5.55× 107,
and 2.9× 107, respectively (Table 3).

Comparing the two food matrices, alfalfa sprouts contained a higher
concentration of total aerobic bacteria than mung bean sprouts
(Table 3). Jinneman et al. (2012), Kim et al. (2009), and Matos et al.
(2002) obtained results similar to the results reported herein (an
average of 107–108 CFU/g, 108 CFU/g, and 7×106 CFU/g, respec-
tively) when enumerating the microbiota on mixed sprouts or alfalfa
sprouts using ACP. Moreover, Tzschoppe et al. (2012) counted En-
terobacteriaceae in average of 106 CFU/g in ready to eat vegetables,
while under storage condition (6 °C for 72 h) the total aerobic bacteria
counted were similar to those observed in the present study.

Although the population of E. coli/coliform and the
Enterobacteriaceae both increased during storage, the total aerobic
bacteria started off at higher levels and increased at a greater rate than
the two indicator populations. These observations show that natural

bacterial populations on sprouts are able to grow during storage and,
though this could lead to a higher risk of infection due to potential
pathogen growth, the increase in the number of total aerobic bacteria
might also hinder pathogen detection.

3.3. Detection of E. coli O104:H4 in sprouts using Diatheva kits

Alfalfa and mung bean sprout samples artificially contaminated
with ~1, 10, and 100 CFU/sample and enriched using mBPWp+ACV
were tested by real-time PCR using the STEC FLUO (for stx and eae
amplification), the E.coli O104 FLUO (for O104-group identification),
and the Enteroaggregative E.coli (for aggR and aaiC amplification) kits,
provided by Diatheva srl. The results show that the three molecular
assays were able to detect all the replicates inoculated with 100 and
10 CFU (2/2 and 10/10 positive results, respectively) on both mung
bean and alfalfa sprout samples. However, the ~1 CFU contaminated
samples gave positive results with 90% (18/20) for mung bean sprout
samples and 75% (15/20) for alfalfa sprout samples (Table 4). The
uninoculated samples gave negative results with both food matrices.
Low level inoculation (approaching 1 CFU/sample) as conducted in the
present study is expected to yield positive results for only a fraction of
the artificially contaminated samples due to the difficulty in ensuring
that a single viable cell is delivered to each sample. In addition, the
viable inoculum could be stressed and injured during the storage con-
dition at 4 °C. Similar fractional positive results were obtained by
Amagliani et al. (2018), Baranzoni et al. (2014), and Tzschoppe et al.
(2012) using an inoculum level< 10 CFU per sample. Moreover, Hara-
Kudo et al. (2016) and Tozzoli et al. (2018) carried out an inter-
laboratory test using E. coli O157:H7 and the top five STEC strains as
inoculum for 25 g of sprout samples obtaining 75% positive results
using inocula of 10 CFU/g, and positive percentages in the range of
66.7% and 91.7% using 0.2 CFU/g, respectively.

It is important underline that, though not all of the low inoculum
samples yielded a positive result, each of Diatheva PCR-positive sam-
ples was positive for all the three Diatheva PCR kits (stx/eae, O104, and
aggR/aaiC). This result enhances the reliability of the molecular assays
and demonstrates that using the three kits in combination allow the
reliable detection of EAggEC serogroup O104.

3.4. Microbiological, immunological and real-time PCR confirmation of E.
coli O104 isolates

Microbiological detection of EAggEC O104 in mung bean and alfalfa
sprouts was also carried out on every sample. Selective enrichment
cultures were subjected to E.coli O104-selective IMS, plating onto
CHROMagar and mRBA selective media, immunological and molecular
confirmation of presumptive-positive colonies by anti-O104 latex ag-
glutination and real-time PCR for stx2, aggR, and O104 (wzxO104) target
genes (Table 2). The results (Table 4) suggest that, of the two selective
chromogenic media tested, mRBA may perform better than CHRO-
Magar STEC for the isolation and detection of the O104:H4 strain used
in this study, especially at low levels of contamination (1 or 10 CFU).

CHROMagar STEC and mRBA used for testing mung bean sprout
samples contaminated with ~1 CFU were able to reveal EAggEC O104
in 15/20 (75%) and 16/20 (80%) samples, respectively, and all the

Table 3
Background microbial community associated with retail sprouts at the time of purchase and after 48 h stored at 4 °C.

Sprouts Microbiota on sprouts at the time of purchase (CFU/g) Microbiota on sprouts after 48 h (CFU/g)

ACP⁎ E.coli/CCP⁎ ECP⁎ ACP⁎ E.coli/CCP⁎ ECP⁎

Mung bean 7.30× 106 3.40× 105 1.30× 106 1.20× 108 8.80× 105 1.30× 107

Alfalfa 4.60× 108 5.55× 107 2.90× 107 1.70× 109 1.15× 108 9.35× 107

⁎ Aerobic Count Plate (ACP); E.coli/Coliform Count Plate (E.coli/CCP); Enterobacteriaceae Count Plate (ECP).
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presumptive colonies were confirmed by latex agglutination and real-
time PCR. When inoculated at ~10 CFU, 8/10 (80%) samples were
positive using CHROMagar, whereas the same samples streaked onto
mRBA gave 100% positive results (10/10). The 2011C-3493 strain was
isolated using both chromogenic media 100% of the time when the
mung bean samples were inoculated with 100 CFU. On the other hand,
the EAggEC strain was isolated from 15/20 (75%) and 17/20 (85%)
alfalfa sprouts contaminated with ~1 CFU on CHROMagar STEC and
mRBA, respectively. Using 10 or 100 CFU as inoculum the EAggEC
O104:H4 strain was isolated from all samples (10/10 and 2/2 re-
plicates, respectively) using both chromogenic media (Table 4). Unin-
oculated samples were plated onto CHROMagar and mRBA and no
presumptive EAggEC colonies were isolated.

Microbiological methods, often relying on selective culture enrich-
ment and selective chromogenic media, are considered ‘gold standard’
methods for detection of foodborne pathogens due to their sensitivity
and specificity. CHROMagar and mRBA are designed to recover a wide
range of STEC from different sources (FDA-BAM, appendix 1.09,
Jinneman et al., 2012), however complex microbiota in foodstuff such
as sprouts, as well as the nutritional and supplement compositions of
the media, may reduce their efficiency. To overcome this issue IMS is
widely used before plating to reduce the background microbiota and
enhance the recovery of specific STEC O-serogroups (Fratamico et al.,
2011; Jinneman et al., 2012; Wasilenko et al., 2012). However, LeJeune
et al. (2006) and Tutenel et al. (2003) suggest that samples with high
background microbiota or long enrichment time (24 h instead of 6 h)
are a challenge for IMS due to the increased competition of non-target
microbiota that may hinder pathogen detection.

3.5. Comparison between Diatheva assays and microbiological methods

A comparison of the Diatheva real-time PCR methods and the mi-
crobiological isolation and confirmation showed perfect agreement
with 100% accuracy for replicates contaminated with 100 and 10 CFU
(Cohen's kappa=1). At low contaminations levels (~1 CFU/sample)
the molecular and microbiological methods present good agreement
(Cohen's kappa=0.62); specifically, the Diatheva kits yielded more
positive results (18/20) than either plating on CHROMagar (15/20) or
mRBA (16/20) (Table 4). Alfalfa sprout samples contaminated with 100
or 10 CFU also showed perfect agreement (Cohen's kappa=1), with
100% of positive results (2/2 and 10/10, respectively) when tested with
both chromogenic media and Diatheva assays. At a contamination level
near ~1 CFU in alfalfa sprouts 15/20 samples yielded EAggEC O104
isolates using CHROMagar as well as by Diatheva assays, and 17/20
samples were confirmed using mRBA, showing good agreement

between the two methods (Cohen's kappa= 0.61).
Not all the samples positive by the Diatheva PCR assays were sub-

sequently isolated and confirmed on chromogenic media. Indeed at the
low inoculum level (~1 CFU/sample) two mung bean samples that
tested positive using the Diatheva kits but did not reveal putative STEC
on either mRBA and CHROMagar. On the other hand, one each of the
mung bean sprout and alfalfa sprout samples contaminated with
~1 CFU tested positive for mRBA but negative on CHROMagar and with
Diatheva assays and one sample was negative for Diatheva kits but
positive for CHROMagar and mRBA, with a single STEC colony on each
media. To further evaluate these contradictory results, a new DNA ex-
traction was carried out on frozen cells harvested from the culture
enrichment samples previously tested by Diatheva kits, amplifying
them using both the Diatheva assays and the primer and probes de-
scribed in Table 2. The same results were obtained, suggesting that no
cross reaction or cross contamination occurred during the first analysis.
Hara-Kudo et al. (2016) also reported some samples that tested positive
for the real-time PCR were negative by IMS and plating. This may occur
because, although high levels of background flora can obscure detection
of the target organism on chromogenic media, the sensitivity and spe-
cificity of PCR is less affected by an excess of non-target DNA.

In conclusion the real-time PCR procedure for the detection of
EAHEC is able to detect the O104:H4 strain in mung bean and alfalfa
sprouts at a contamination level of ~1 CFU/25 g after 18 h enrichment,
showing good agreement with the IMS and microbiological plating
method. Using the Enteroaggregative E.coli kit in combination with the
STEC and E.coli O104 FLUO kits guarantees the maximum coverage of
EAggEC strains providing important information relevant to pathogenic
potential. Because the real-time PCR technique is more rapid than mi-
crobiological methods, the Diatheva FLUO kits assays could be a sui-
table platform for the food industry and regulatory agency to detect
EAggEC pathogens in food, in order to improve consumer safety and
providing data that could be used to better explain the real epidemio-
logical distribution of these virulence factors and related E. coli pa-
thotypes.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.ijfoodmicro.2018.11.011.
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