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Evaluation of a Multiplex PCR for Identification of
Enteroaggregative Escherichia coli�

Enteroaggregative Escherichia coli (EAEC) has emerged as
an important pathogen associated with endemic and epidemic
diarrheal diseases in both industrialized and developing coun-
tries (6). EAEC strains are defined by their characteristic
“stacked brick” aggregative adherence (AA) pattern to cul-
tured epithelial cells (9), and this is the basis of the assay
considered the gold standard for EAEC identification. How-
ever, this technique requires specialized facilities and can
therefore be performed only in reference laboratories. As al-
ternative to this technique, a variety of phenotypic and molec-
ular assays have been proposed (1, 2, 4, 7, 15, 17). Recently, a
multiplex PCR assay for EAEC detection has been developed
(4). This assay detects simultaneously three EAEC plasmid-
borne genes: aggR, which encodes a central regulator involved
in the expression of several EAEC virulence genes (6, 10); aap,
which encodes the antiaggregation protein dispersin (16); and
aatA, which is part of a gene cluster that codes for a specific
ATP-binding cassette transporter system (11). The latter cor-
responds to the EAEC probe fragment (CVD432) previously
described (2).

In order to determine the specificity and sensitivity of mul-
tiplex PCR in detecting EAEC, a total of 379 fecal E. coli
isolates were examined by this assay and the results subse-
quently correlated with the adherence pattern to HEp-2 cells.
These strains were isolated from children under 5 years of age,
with symptoms of gastrointestinal disorders, admitted to the
Hospital Jesus, Rio de Janeiro, Brazil, between August 2003
and September 2004. PCR conditions and the primers used
were the same as those described by Cerna et al. (4). All E. coli
isolates were subjected to the adherence assay with cultured
epithelial cells, employing a 3-h incubation of HEp-2 cells with
bacterial cultures (5). Strains displaying noncharacteristic ad-
herence (NC) or nonadherence (NA) were tested by employ-
ing an additional 3-h incubation of cells with bacteria (6-h
assay).

At least one of the three loci sought was detected in 199
(52.5%) strains, while 180 (47.5%) strains were negative for
them. The most prevalent was aap, detected in 153 (40.4%)
strains, followed by aggR, detected in 109 (28.8%), and aatA,
detected in 101 (26.6%). Concerning the adherence patterns
observed, 158 (41.7%) strains showed the AA pattern and were
therefore classified as EAEC (Table 1). Only four (1.1%)
strains showed localized adherence (LA), which is a character-
istic of enteropathogenic E. coli (14), while 156 (41.2%)
showed an NC pattern and 61 (16.1%) were NA. Considering
the AA pattern as the gold standard for EAEC identification,
the detected loci were more frequent among EAEC strains,
and the sensitivity and the specificity of the multiplex PCR
were 93.5% and 81%, respectively. In addition, the positive
predictive value was 75.2%, and the negative predictive value
was 95.3%. None of the strains displaying the LA pattern
amplified any of the primers tested. The three genes were also
detected in strains displaying the NC pattern, and aap was
detected in 10 NA strains. These NC and NA strains should be
further analyzed in regard to the presence of additional plas-
mid and chromosome-associated EAEC virulence factors,
since there is a possibility that they are EAEC strains that have
lost the capacity to express the AA phenotype. The simulta-

neous detection of the three genes was most prevalent among
the strains characterized as EAEC. Single or different combi-
nations of two genes were also found preferentially in EAEC
strains but also among the NC strains (Table 2). The detection
of any of the three genes by multiplex PCR defines a strain as
EAEC (4).

These three plasmid-borne genes detected by the multiplex
PCR have been shown to be specific and appropriate markers
for EAEC detection (3, 4, 7). In this study, multiplex PCR was
shown to be sensitive and specific in detecting EAEC among
fecal E. coli strains. Other previous published studies have also
demonstrated that this technique is sensitive (3, 4). However,
only strains previously characterized as EAEC, as defined by
HEp-2 adherence, were evaluated in these studies. Addition-
ally, two other multiplex PCRs employing different gene tar-
gets have been described for EAEC detection (8, 12), demon-
strating that this technique is a useful tool in the detection of
EAEC. However, both of the latter studies included the de-
tection of astA (enteroaggregative heat-stable enterotoxin
gene), which has been demonstrated to be present in other
diarrheagenic E. coli pathotypes and nonvirulent E. coli (13).
This may raise the possibility of the detection of E. coli strains
that are not EAEC.

Since the technique evaluated in this study detects genes
located on the high-molecular-weight virulence plasmid (pAA)
of EAEC (4, 6), the inclusion of a chromosome-associated
EAEC gene in the multiplex reaction, as performed by Jenkins

TABLE 1. Detection of EAEC plasmid-borne virulence factors by
multiplex PCR in fecal E. coli strains in regard to their

HEp-2 cell adherence patterns

Pattern of
adherencea

No. of
strains

No. (%) of each EAEC virulence gene
detected by multiplex PCR

aatA aggR aap

AA 158 98 (62) 94 (59.5) 108 (68.4)
LA 4 0 0 0
NC 156 3 (1.9) 15 (9.6) 35 (22.4)
NA 61 0 0 10 (16.4)
Total 379 101 (26.6) 109 (28.8) 153 (40.4)

a Results of the 3- or 6-h adherence assay.

TABLE 2. Combinations of EAEC plasmid-borne virulence factors
detected by multiplex PCR in fecal E. coli strains

Gene profile
detected by

multiplex PCR

No. of strains with gene profile with adherence pattern
to HEp-2 cells (n)

AA (158) LA (4) NC (156) NA (61)

aatA 21
aggR 16 7
aap 27 24 10
aatA aggR 2
aatA aap 5 3
aap aggR 6 8
aatA aggR aap 70
None 11 4 114 51
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et al. (8), may improve its sensitivity/specificity, including the
detection of EAEC strains that do not harbor pAA.

In conclusion, our results demonstrated that the multiplex
PCR technique is a suitable alternative in detecting EAEC
among E. coli strains isolated from feces, since PCR-based
diagnostic tests are commonly employed in clinical laboratory
practice.

REFERENCES

1. Albert, M. J., F. Qadri, A. Haque, and N. A. Bhuiyan. 1993. Bacterial clump
formation at the surface of liquid culture as a rapid test for identification of
enteroaggregative Escherichia coli. J. Clin. Microbiol. 31:1397–1399.

2. Baudry, B., S. J. Savarino, P. Vial, J. B. Kaper, and M. M. Levine. 1990. A
sensitive and specific DNA probe to identify enteroaggregative Escherichia
coli, a recently discovered diarrheal pathogen. J. Infect. Dis. 161:1249–1251.

3. Bouzari, S., A. Jafari, and M. Zarepour. 2005. Distribution of virulence
related genes among enteroaggregative Escherichia coli isolates: using mul-
tiplex PCR and hybridization. Infect. Genet. Evol. 5:79–83.

4. Cerna, J. F., J. P. Nataro, and T. Estrada-Garcia. 2003. Multiplex PCR for
detection of three plasmid-borne genes of enteroaggregative Escherichia coli
strains. J. Clin. Microbiol. 41:2138–2140.

5. Cravioto, A., R. J. Gross, S. M. Scotland, and B. Rowe. 1979. An adhesive
factor found in strains of Escherichia coli belonging to the traditional entero-
pathogenic serotypes. Curr. Microbiol. 3:95–99.

6. Harrington, S. M., E. G. Dudley, and J. P. Nataro. 2006. Pathogenesis of
enteroaggregative Escherichia coli infection. FEMS Microbiol. Lett. 254:
12–18.

7. Jenkins, C., H. Chart, G. A. Willshaw, T. Cheasty, and H. R. Smith. 2006.
Genotyping of enteroaggregative Escherichia coli and identification of target
genes for the detection of both typical and atypical strains. Diagn. Microbiol.
Infect. Dis. 55:13–19.

8. Jenkins, C., M. Tembo, H. Chart, T. Cheasty, G. A. Willshaw, A. D. Phillips,
D. Tompkins, and H. Smith. 2006. Detection of enteroaggregative Esche-
richia coli in faecal samples from patients in the community with diarrhoea.
J. Med. Microbiol. 55:1493–1497.

9. Nataro, J. P., J. B. Kaper, R. Robins-Browne, V. Prado, P. Vial, and M. M.
Levine. 1987. Patterns of adherence of diarrheagenic Escherichia coli to
HEp-2 cells. Pediatr. Infect. Dis. J. 6:829–831.

10. Nataro, J. P., D. Yikang, D. Yingkang, and K. Walker. 1994. AggR, a
transcriptional activator of aggregative adherence fimbria I expression in
enteroaggregative Escherichia coli. J. Bacteriol. 176:4691–4699.

11. Nishi, J., J. Sheikh, K. Mizuguchi, B. Luisi, V. Burland, A. Boutin, D. J.
Rose, F. R. Blattner, and J. P. Nataro. 2003. The export of coat protein from
enteroaggregative Escherichia coli by a specific ATP-binding cassette trans-
porter system. J. Biol. Chem. 278:45680–45689.
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Bouguénec, P. Gounon, A. Phillips, and J. P. Nataro. 2002. A novel dispersin
protein in enteroaggregative Escherichia coli. J. Clin. Investig. 110:1329–
1337.

17. Wakimoto, N., J. Nishi, J. Sheikh, J. P. Nataro, J. Sarantuya, M. Iwashita,
K. Manago, K. Tokuda, M. Yoshinaga, and Y. Kawano. 2004. Quantitative
biofilm assay using a microtiter plate to screen for enteroaggregative Esch-
erichia coli. Am. J. Trop. Med. Hyg. 71:687–690.

Fabiana Cordeiro
Denise da Silva Gomes Pereira
Instituto Oswaldo Cruz
FIOCRUZ
Rio de Janeiro, RJ, Brazil

Myrna Rocha
Hospital Municipal Jesus
Rio de Janeiro, RJ, Brazil

Marise Dutra Asensi
Instituto Oswaldo Cruz
FIOCRUZ
Rio de Janeiro, RJ, Brazil

Waldir Pereira Elias
Instituto Butantan
São Paulo, SP, Brazil

Leila Carvalho Campos*
Instituto Oswaldo Cruz
FIOCRUZ
Av Brasil, 4365
21040-900 Rio de Janeiro, RJ, Brazil

*Phone and fax: 0055 2122701599
E-mail: lccampos@ioc.fiocruz.br

� Published ahead of print on 12 December 2007.

VOL. 46, 2008 LETTERS TO THE EDITOR 829


