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ABSTRACT

The aim of the study was to determine the frequency of six genes encoding serine protease autotransporter 
proteins Enterobacteriaceae (SPATE) in diffusely adherent Escherichia coli (DAEC) isolates from children 
with (WD, n=63) and without diarrhea (WOD, n=41) from Lima, Peru. WOD were considered a control 
group. For the detection of the genes, 2 multiple PCRs were standardized: triple A (sigA, pet, espP) and 
triple B (sat, pic, espC). In both groups, the most frequent SPATE gene was Sat (39.7% of WD and 41.5% of 
WOD), followed by spP (20.6% and 9.7% in WD and WOD respectively). The other genes were detected 
in proportions lower than 10.0%, in the following order of frequency: pet, sigA, espC and pic, without 
significant differences between the groups. It was concluded that Sat is the most frequent SPATE in DAEC 
and that these strains may possess SPATE genes regardless of whether they are isolated in WD or WOD.

Keywords: Diffusely Adherent Escherichia coli; Virulence Factors; Diarrhea; Child (source: MeSH NLM).

INTRODUCTION

Diarrhea is one of the main causes of death in children under five years of age in the 
world. In this age group, Escherichia coli is one of the most frequent etiological agents (1). 
According to their pathogenesis, diarrheagenic E. coli (DEC) are divided into six pathotypes: 
enteroaggregative (EAEC), enterotoxigenic (ETEC), enteropathogenic (EPEC), verotoxigenic 
(VTEC), enteroinvasive (EIEC) and diffusely adherent (DAEC) (2).

DAEC is a heterogeneous group and has been particularly associated with persistent 
diarrhea in developing countries, mainly affecting children older than one year (2). In Peru, 
DAEC have been found in samples of children under five years of age with persistent 
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Motivation for conducting the study: It is necessary to 
evaluate the presence of Serine protease autotransporters 
of Enterobacteriaceae (SPATE) proteins in diffusely 
adherent Escherichia coli (DAEC) strains, because these 
proteins facilitate host invasion during bacterial infection.

Main findings: Genes encoding SPATE can be found 
in DAEC strains, both in samples from patients with 
diarrhea and in healthy children. The sat gene is the most 
frequent SPATE in these strains.

Implications: Knowing the genes that encode the molecular 
mechanisms involved in the interaction between humans 
and the infectious agent will help guiding research aimed at 
diagnostic and control tests or the development of future 
vaccine candidates.

KEY MESSAGES
diarrhea with frequencies of 15.0% and 17.0% for Lima 
and Lambayeque, respectively (3,4). In addition, it has been 
reported that DAEC shows difference in adherence patterns, 
actin polymerization and motility depending on whether 
it is isolated from children with diarrhea or asymptomatic 
children, and the determination of virulence factors present 
in these strains is suggested (5).

Pathogenic strains of E. coli, both extraintestinal and 
DEC, are characterized by virulence factors, which help 
them overcome host defenses and colonize or invade the 
urinary tract (uropathogenic strains) or gastrointestinal 
tract (DEC strains) (6,7). Virulence factors include toxins, 
adhesins and other hydrolytic enzymes secreted through 
pathways known as protein secretion systems (8). These 
pathways are classified into five main groups: type I, II, III, IV 
and autotransporters. Within the group of autotransporter 
proteins, the most frequent subclass consists of the serine-
protease autotransporters of Enterobacteriaceae (SPATE), 
which have been identified in gram-negative bacteria such 
as Salmonella and Shigella (9,10).

The most reported SPATE in DECs is the secreted 
autotransporter toxin (sat) (2,11,12). Although the presence of 
SPATEs in DAEC strains has been scarcely studied, the sat 
has been reported to be the most frequent, being found in 
a higher percentage of strains isolated from patients with 
diarrhea than in those from asymptomatic carriers (12). The 
scarce scientific evidence on the main SPATEs present in 
DAEC strains makes it relevant to analyze their frequency 
in this pathotype. Therefore, the aim of the study was to 
determine the frequency of six SPATE-encoding genes in 
DAEC isolates from children with and without diarrhea.

THE STUDY

Strains
We analyzed 104 strains isolated from children under five 
years old with diarrhea (n=63) and asymptomatic children, 
which were considered as a control group (n=41). The isolates 
came from three cohort studies conducted in the district 
of Lima (Peru) between 2006 and 2010, being molecularly 
identified as DAEC by detection of the daaD gene (13) and 
reported by Ochoa et al. (3). The DAEC strains were reactivated 
on MacConkey agar and incubated for 24 h at 37 ºC. 
Subsequently, DNA was extracted by the heat shock method.

The strains included in this study were obtained from 
studies (SIDISI codes: 50744, 57025 and 50908) that were 

approved by the Ethics Committee of the Universidad 
Peruana Cayetano Heredia.

SPATE detection 
The presence of SPATE was determined by two multiplex 
polymerase chain reactions (PCR) using the primers 
reported in Table 1. Initially, single PCRs were standardized 
for the individual detection of each gene (Table 1) to establish 
the optimal conditions.

After evaluating the effectiveness of the amplification 
of the products at appropriate temperatures, we proceeded 
to the design of multiple PCRs and the selection of the 
best primer combination. For this, we used the Integrated 
DNA Technologies website (http://www.idtdna.com), 
where the guanine and cytokine content (% GC), melting 
temperature (Tm), hairpin formation and generated dimers 
were evaluated. Subsequently, the formation of secondary 
structures with the target DNA was analyzed in mfold 
(http://mfold.rna.albany.edu/?q=mfold/dna-folding-from).

Specific, defined and distinguishable bands (Figure 1A 
and 1B) were obtained by multiple amplification of pet, sigA 
and espP (triplex A), and sat, espC and pic (triplex B).

To standardize triplex A, the hybridization temperature 
gradient was evaluated from 54 to 64 °C at a final volume 
of 25 µL containing: dNTP (0.23 mM), MgCl2 (1.7 µM), 
pet and sigA primers at 0.5 µM, espP primers at 0.6 µM, Taq 
buffer (final concentration 1X) and GoTaq DNA Polymerase 
(Promega, France) (5U/µM); under the following conditions: 
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initial denaturation at 94 °C for five minutes and 30 cycles 
with denaturation at 94 °C for one minute, hybridization 
for 30 seconds, elongation at 72 °C for one minute, and a 
final elongation at 72 °C for five minutes. Under these 
conditions, triplex A showed better band definition at the 60 °C 
hybridization temperature.

In the standardization of triplex B, we evaluated 
hybridization temperatures from 54 to 64 °C, at a final 
volume of 25 µL containing: dNTP (0.08 mM), MgCl2 (1.7 
µM), primers (espC, pic and sat) at 0.5 µM, Taq buffer (final 
concentration 1X) and Taq (5U/µM); under the following 
conditions: initial denaturation at 94 °C for five minutes 

and 30 cycles with denaturation at 95°C for one minute, 

hybridization for one minute, elongation at 72 °C for one 

minute, and a final elongation at 72 °C for ten minutes. 

Higher definition of PCR products was observed at the 64 °C 

temperature.

Reactions were conducted on the Applied Biosystems Veriti 

96-Well Thermal Cycler (Fisher Scientific, USA). The negative 

control was sterile water and the positive controls were E. coli 

strains EAEC 042 for pet and pic, EHEC 933 for espP and EPEC 

2348/64 for espC, and Shigella flexneri strain 1106 for sigA 

and sat. The control strains were obtained from the internal 

Technique Gene Primer Base pairs Reference

Triplex A PCR 
espP

Forward: GTCCATGCAGGGACATGCCA
547 9

Reverse: TCACATCAGCACCGTTCTCTAT

pet
Forward: GGCACAGAAT AAAGGGGTGTTT

302 9
Reverse: CCTCTTGTTTCCACGACATAC

sigA
Forward: CCGACTTCTCACTTTCTCCCG

430 9
Reverse: CCATCCAGCTGCATAGTGTTTG

Triplex B PCR 
sat

Forward: TCAGAAGCTCAGCGAATCATTG
930 9

Reverse: CCATTATCACCAGTAAAACGCACC

espC
Forward: TAGTGCAGTGCAGAAAGCAGTT

301 8
Reverse: AGTTTTCCTGTTGCTGTATGCC

pic
Forward: ACTGGATCTTAAGGCTCAGGAT

572 9Reverse: GACTTAATGTCACTGTTCAGCG

Table 1. List of primers used in our study.

PCR: Polymerase Chain Reaction

Figure 1. A. 2% agarose gel, second lane corresponds to triplex A, lanes 3, 4 and 5 correspond to individual genes, espP (547 bp), sigA (430 bp), pet (302 bp), 
hybridization temperature of 60 °C, blank (negative control). B. 2% agarose gel, second lane corresponds to triplex B, lanes 3, 4 and 5 corresponds to individual 
genes, sat (930 bp), pic (572 bp), espC (320 bp), hybridization temperature of 64 °C, blank (negative control).

BA

Blank
Blank
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collection of the Laboratory of Pediatric Infectious Diseases of 

the “Alexander von Humboldt” Institute of Tropical Medicine.
PCR products were visualized on 2% agarose gels, 

stained with ethidium bromide at 90V for 80 minutes.

Data analysis
The frequency and comparison of all variables were obtained by 
the Chi-square test using the Epi-Info 7 program. The GenAlEx 
program was used for the analysis of genomic profiles.

FINDINGS

Of the 104 isolates included in the study, 58.6% had at least 
one gene coding for SPATEs.

The most frequent gene was sat (40.4%), found in 
similar proportions in isolates from children with diarrhea 
(39.7%) and asymptomatic children (41.5%); followed by 
espP (16.3%), sigA (10.0%) and pet (7.0%). The pic and espC 
genes had a frequency of 1.9%. The espP gene was found to be 
associated with 20.6% of the samples from diarrheic cases; on 
the other hand, it was detected in 9.7% of the controls (isolates 

from asymptomatic children), although without significant 
differences (Table 2).

On the other hand, no association was observed between 
the presence of the remaining SPATEs and the origin (either 
case or control) of the DAEC strains.

Twelve genetic profiles were identified, determined by the 
combinations of genes coding for SPATEs (Table 3). The most 
common profile among the diarrheal samples was the absence 
of SPATEs (41.4%), followed by the presence of only the sat 
gene (30.8%). The remaining nine profiles were less frequent 
with none exceeding ten isolates. None of the profiles was 
associated with the presence or absence of diarrhea.

DISCUSSION

In the samples analyzed, the sat gene was found to have the 
highest frequency, both in cases (39.7%) and in controls 
(41.5%), a result similar to the report of Taddei et al. (11), 
who found 44.0% positivity for this gene after analyzing 
146 DAEC strains. Similarly, Boisen et al. (9) detected the sat 
gene in 30.0% of DAEC strains analyzed. Although, unlike 
that reported by other authors (12), the frequency of sat was 

Characteristic
   SPATE genes

pet sigA espP sat pic espC

CWD (n=63) 5 (7.9%) 5 (7.9%) 13 (20.6%) 25 (39.7%) 0 0

CWOD (n=41) 2 (4.9%) 5 (12.2%) 4 (9.7%) 17 (41.5%) 2 (4.9%) 2 (4.9%)

Table 2. Frequencies of SPATE genes in DAEC strains from children with and without diarrhea under one year of age.

CWD: children with diarrhea; CWOD: children without diarrhea.

Profiles pet espP sigA sat pic espC CWD (n=63) CWOD (n=41)

1 26 17

2 + 20 12

3 + 6 2

4 + + 4 1

5 + + 2 0

6 + 2 2

7 + + + 1 0

8 + + + 1 0

9 + + 1 1

10 + + 0 1

11 + + 0 3

12 + 0 2

Table 3. Genetic profile of DAEC strains isolated from children with and without diarrhea.

CWD: children with diarrhea; CWOD: children without diarrhea; +: presence of the gene.
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