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Abstract

Among the various aetiological agents causing acute diarrhoeal disease (ADD), the heterogeneous group of different
pathotypes of Escherichia coli continues to be responsible for a high percentage of cases, especially in children under 5
years of age in middle and low-income countries in Latin America, Asia and Africa. The aim of the present study was to
identify the main pathotypes of E. coli associated with ADD in patients in the two main hospitals on Bioko Island, Equa-
torial Guinea (November 2011-April 2012). A total of 716 clinical samples were analysed, 496 samples from patients
with symptomatology compatible with ADD (symptomatic) and 220 from patients without symptomatology compatible
with ADD (asymptomatic). Of the samples from symptomatic patients, 41.53% were positive for a diarrhoeagenic E. coli
pathotype while only 1.36% of asymptomatic patients were positive for a diarrhoeagenic E. coli pathotype. The most
affected age group was children aged 0-4 years (37%). The ECD groups identified in symptomatic patients were: 22.98%
enteroaggregative E. coli (EAEC); 9.68% enterotoxigenic E. coli (ETEC); 6.45% enteropathogenic E. coli (EPEC) and
2.42% enteroinvasive E. coli (EIEC). In asymptomatic patients, only three cases of ECD due to ECEA (0.90%) and ECEP
(0.45%) were detected. In our study no verotoxigenic E. coli pathotype was detected in a single case. The results suggest
that EAEC, ETEC, EPEC and EIEC pathotypes are important aetiological agents of ADD on Bioko Island, Equatorial Guin-
ea. The results highlight the need to develop appropriate diagnostic methods for this group of pathogens. Improved
diagnostic capacity coupled with implementation of prevention and control measures could help reduce the number of
ADD caused by DEC in Equatorial Guinea.
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Introduction

Bacteria are the second leading cause of acute diarrhoeal disease (ADD) worldwide and continue to be an important pub-
lic health problem in low- and middle-income countries because of their high morbidity and mortality rates in under 5
years of age (1). Among the various bacteria causing ADD, the different diarrhoea-causing E. coli pathotypes are most
common, with the EPEC pathotype being particularly important in children under 5 years of age, followed by Salmonella
spp, Shigella spp, Campylobacter spp and Vibrio cholerae (2). Although most studies cite diarrhoeagenic E. coli (DEC) as a
major cause of clinical diarrhoea in children in low and middle-income countries, they are not as commonly isolated in
Equatorial Guinea because of the lack of appropriate diagnostic tests. This leads to a lack of knowledge about the epide-
miological situation of DEC, which prevents an objective assessment of DEC prevalence rates in the country.
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The main pathotypes of DEC differ in the mechanisms they use to trigger the disease. Diagnostic methods target the
genes encoding the different virulence factors involved in the pathogenicity mechanisms of each group (3). Thus, we
have found five pathotypes of DEC that are of particular interest in the aetiology of ADD in humans: VTEC, verotoxigenic
E. coli, which can cause haemolytic uremic syndrome and ulcerative colitis (3); EPEC, enteropathogenic E. coli, which are
closely associated with watery diarrhoea in children under 5 years of age. Depending on whether or not they are carriers
of the bfp gene, the product of which is an adhesin involved in intimal attachment to the enterocyte and in A/E injury,
they are subdivided into typical and atypical EPEC, respectively (3); ETEC, enterotoxigenic E. coli, the main aetiological
agent of travellers' diarrhoea. It is characterised by the production of at least one of the associated LT or ST enterotoxins
(4); EIEC, enteroinvasive E. coli, whose pathogenesis and clinical presentation is identical to that produced by Shigella
spp. (5); and EAEC, enteroaggregative E. coli, which is associated with persistent diarrhoea in both high-income and low-
and middle-income countries and is, together with ETEC, another major aetiological agent of travellers' diarrhoea (3).
Several studies in Africa have identified EAEC as the predominant pathotype, highlighting the importance of molecularly
characterising the virulence factors of with the most commonly identified serotypes in order to optimise prevention and
control measures to avoid deterioration of patient health and possible spread of the infectious agent (8,14,16).

The aim of this study was to identify the main DECs associated with acute diarrhoea, and the associated virulence factors,
in different age groups in patients on Bioko Island, Equatorial Guinea, who attended hospital with symptoms consistent
with ADD, focusing on children under 5 years of age, and its main objective is to serve as a baseline reference to evaluate
improvements in the microbiological system, surveillance and case notification to adapt the public health response and
reduce morbidity and mortality associated with DECs.

Material and Methods
Study area and population

The study area is located on the African island of Bioko, in Malabo, the capital of Equatorial Guinea, with 300,374 inhabit-
ants (29), most of them under 15 years of age. The island is divided into two distinct regions, North Bioko and South Bio-
ko.

Sampling, isolation and identification of diarrhoeagenic bacteria.

Between November 2011 and April 2012, a total of 716 clinical stool samples collected in sterile containers were ana-
lysed. Samples were obtained from 496 (62%) patients attending the Loeri Comba Polyclinic Hospital with a clinical pic-
ture consistent with ADD and, to a lesser extent from 220 (38%) patients attending Malabo Regional Hospital (Equatorial
Guinea) without symptomatology compatible with ADD (asymptomatic). In both cases the majority age group was chil-
dren under 5 years of age, with 402/496 and 158/220 respectively.

Samples were processed and analysed as follows:

Stool cultures for E. coli were performed on MacConkey agar (Oxoid, England) and TSA (Bio-Rad, France) at the PLC Hos-
pital in Malabo, Bioko Island. The presence of E. coli was confirmed by complementary biochemical testing according to
PLC-INSESO microbiology protocols (6): TSI (OXOID, England), Christensen's urea (OXOID, England), lysine decarbox-
ylase (Liofilchem, Italy), Simons’ citrate (Liofilchem, Italy), indole (Liofilchem, Italy), mannitol-motility (Liofilchem, Italy)
and subsequently with commercial semiautomated biochemical methods 18R (Liofilchem, Italy) or Api 20-E
(Biomerieux, France). At the National Centre for Microbiology (Madrid) the different pathotypes were detected and char-
acterised by PCR amplification of specific virulence genes (7, 8). In ECEA-positive cases, additional genetic analyses were
performed by amplifying the genes aggR, sepA, and pic, which are involved in biofilm formation and disease persistence,
and the genes astA and pet, which encode toxins associated with acute diarrhoea and intestinal damage, respectively (9).

Informed consent and ethical considerations

The present study was approved by the appropriate hospital ethics committee of the PLC (INSESO) and the consent to
work with children was given in writing by the parents/guardians of the children, after an informational interview, ac-
cording to the criteria of the PLC Ethics Committee, which are in turn based on the criteria of the Helsinki Code of Ethics
(3). Pte

Results and Discussion

Of the total samples tested from symptomatic patients (496), 95.96% (474) were positive for E. coli by conventional di-
agnostic tests in the PLC. Of these, 41.53% (206) were confirmed positive for any DEC pathotype. Of the asymptomatic
patients (220), 1.36% (3) were positive for any DEC pathotype (Figure 1).
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DEC pathotypes were identified in all study age groups, with the highest percentage of cases positive for EAEC, ETEC,
EPEC and EIEC in children aged 0-4 years, with a prevalence of 73.3% (151/206) (Figure 2). Regarding gender distribu-
tion, 107 positive cases were male and 99 were female.

DEC in symptomatic and asymptomatic patients DEC by age groups (%)
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Figure 1- Incidence of diarrhoeagenic E. coli in cases of
patients presenting to hospital with and without
diarrhoea.

Figure 2- Distribution of DEC in different age groups.

Genetic variability of E. coli isolates.

The 114 EAEC-positive isolates were screened for the presence of plasmid pCVD432, with the 0-4 years age group having
the highest proportion of 81 cases (71.05%).

In addition, other virulence factors were detected in this group:

In 26 of the 81 isolates (32.09%) a single one out of the four genes examined was amplified by PCR. The gene most fre-
quently detected in 12 isolates (14.8%) was the one associated with the pet toxin. The remaining genes were detected as
follows: aggR in six isolates (7.40%); pic in three isolates (3.7%); astA in three isolates (3.7%) and sepA in two isolates
(2.4%).

Combinations of two or more different virulence genes were detected in 55 of the EAEC-positive isolates (67.90%), as
follows:

In 26 isolates (32.09%) 2 different virulence genes were determined in combination as follows: aggR-pet 19 (23.45%),
aggR-pic 1 (1.23%), pet-pic 1(1.23%), sepA-pet 2 (2.46%), astA-pet 1(1.23), sepA-aggR 1 (1.23%) and astA-aggR 1
(1.23%). The most prevalent combination was aggR-pet.

In 24 isolates (29.6%), the presence of three combined virulence genes was determined as follows: astA-sepA-pet in 5
(6.17%), astA-pet-aggR in 7 (8.6%), sepA-pet-pic in 5 (6.17%), sepA-aggR-pic in 1 (1.23%), astA-pet-pic in 1 (1.23%),
astA-aggR-pic in 1 (1.23%), pet-aggR-pic in 3 (3.7%) and sepA-pet-aggR 1 (1.23%). The most prevalent combination was
astA-pet-aggR.

In five isolates (6.17%), 4 virulence genes were found in combination as follows: sepA-pet-aggR-pic in 3 (3.7%),
astA-sepA-pet-picin 1 (1.23%) and astA-sepA-pet-aggR in 1 (1.23%).

In the EPEC-positive cases, attention was paid to the presence of the bfp gene, which was present in 15 isolates (typical
EPEC) and absent in 9 (atypical EPEC).

In the ETEC-positive cases, the enterotoxin carried by the isolates was identified. In 14 isolates, the estA gene encoding
thermostable enterotoxin (TE) was detected, and in 11 isolates the eltA gene coding for thermolabile enterotoxin (TL)
was detected. In seven isolates, the presence of both was determined.

The verotoxigenic E. coli pathotype (VTEC) was not detected in any case.
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Figure 3- Clinical picture in symptomatic patients.

The aim of the present work was to study the prevalence of DEC in patients with ADD on Bioko Island, Equatorial Guinea.
Four of the five most common pathotypes of DEC were detected in the study. EAEC was the most prevalent in a total of
116 isolates from symptomatic (114) and asymptomatic (2) individuals, predominantly aged 0-4 years (71.05%) which
differs from previous reports from West Africa, where EPEC and ETEC are the most common pathotypes associated with
childhood diarrhoea and EAEC is present in only 2% of cases, and in children under 3 years of age (10). In Venezuela, a
study was conducted in which this pathotype was associated with cases of ADD in children up to 2 months of age, but not
in children over this age (11). There are increasing reports linking this pathotype to cases of diarrhoea in children in low-
income countries (12,13). Okeke and Bounkonkou (14,15) note in their studies that EAEC pathotypes found in neigh-
bouring Nigeria, Ghana and Burkina Faso are more closely related genetically and evolutionarily than those found in
Equatorial Guinea or Gabon, which are located on the Gulf of Guinea and share a border. In Gabon, where EAEC is also an
important diarrhoeal pathogen in children under 5 years of age, the virulence factors detected in most cases are those
associated with the pet and astA genes (16), which are associated with acute episodes and intestinal damage. These
results consistent with those obtained by us. The aggR gene, which is responsible for disease persistence in most cases, is
the second most common in our study (17, 18, 19, 20, 9). This difference could be mainly due to the different geograph-
ical, climatic and socio-economic conditions in these countries. In our case, ETEC was the second most frequently detect-
ed pathotype in the 0 to 4 years age group, which is consistent with previous studies in other parts of the world, where
ETEC and EPEC are the most common DECs in children under 5 years of age, highlighting the importance of this patho-
type in this age group. It should be noted that the mechanisms regulating LT or ST enterotoxin expression have not yet
been elucidated and we cannot explain why LT-ETEC is more common in South America, whereas ST-ETEC is more
common in Equatorial Guinea (Africa) (30). The third pathotype detected with the highest proportion was EPEC, which
contradicts reports from other regions of the world where this pathotype is most commonly associated with childhood
diarrhoea in children under 5 years of age (17, 21). Considering the subdivision of EPEC into typical and atypical strains,
depending on whether they are carriers of bfp or not, our study found a higher percentage of typical strains, which are an
important cause of child morbidity and mortality in low-income countries. These findings are consistent with those of
other authors (22), although in some recent studies an increasing number of cases of ADD are caused by atypical EPEC
(23). The least isolated pathotype in our study was EIEC. In most studies, VTEC is the most commonly detected aetiologi-
cal agent in diarrhoeal cases, but it was not detected in any case in our study. This could be due to the fact that the main
reservoir for VTEC is cattle and there is little industrial livestock production in Equatorial Guinea, as well as good prepa-
ration of meat and vegetables, typical of the food culture of the Guinean population and the low or non-existent
consumption of milk or fresh dairy products in the country, which could also play a role (24). Of note, mixed DEC infec-
tions were found in 20.3% of the samples. Of these, a high percentage were coinfected with a combination of EAEC-EPEC
pathotypes (10). It is difficult to determine the specific DEC responsible for the different symptoms that make up the
clinical picture in the cases of coinfection detected in our study. However, some authors suggest that the combination of
different toxins and virulence genes between DECs of the same type (intrapathotypic), or in combination with other
DECs (interpathotypic), would lead to a greater synergistic effect (25). In our study, EAEC seems to be the main aetiologi-
cal agent responsible for most of the described clinical pictures, whereas the other pathotypes contribute to a higher
virulence of EDD, in mixed infections.

Regarding the prevalence of DEC in symptomatic and asymptomatic patients, it appears that the aetiology of the disease
in patients with diarrhoea is more closely associated with the presence of a diarrhoeagenic E. coli pathotype. While it is
true that asymptomatic patients may be colonised with a particular pathotype of DEC and act as a reservoir for the path-
ogen by spreading it through their faeces (26), our study did not find a high prevalence of DEC in this group. This sug-
gests that these individuals are neither a reservoir nor involved in the transmission of the disease on the island (26).
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A close association was found between ADD, DEC and age range, with the 0-4 years age group being the most affected by
the disease, although this population was overrepresented in our study, as most cases of ADD were from the infant popu-
lation. This could be due to the fact that mothers are more likely to seek medical attention when their child is ill, whereas
adults usually wait for symptoms to resolve and only seek medical attention when symptoms become more severe, as in
most cases they resolve on their own. It is important to properly diagnose bacterial-related ADDs in the paediatric popu-
lation, especially those caused by VTEC, although this group does not seem to contribute to ADD cases in our study, as
they can develop into haemolytic uraemic syndrome, renal dysfunction and ulcerative colitis, chronic conditions that
affect the patient's quality of life for the rest of his or her life. Several studies highlight the importance of adapting DEC
surveillance systems in low- and middle-income countries to improve public health systems and prevent the spread and
progression of the disease to disabling stages (27, 28).

We would like to add that, at the time of the study, Equatorial Guinea was a country in an early stage of development
thanks to oil production. It has since become a middle-income country where investments have been made to improve
health conditions but ADDs due to DEC are still significant. Malnutrition, consumption of food processed or stored in
unsanitary conditions and poor personal hygiene are factors that promote person-to-person transmission of diarrhoea of
infectious aetiology. The close association between cases of acute diarrhoea and the use of unsafe household water
stored in unsanitary conditions and the use of water contaminated with human faeces from rivers, septic tanks, or la-
trines, should prompt future surveillance and studies (31).

Study Limitations

It is important to also consider the possibility that there are individuals with symptomatic ADD and that the diarrhoea is
caused by another aetiological agent such as a virus or parasite, but in our case we did not perform comparative studies
or differential aetiological diagnosis to fully confirm that the diarrhoea was associated with DEC. In the present work,
only the identification of E. coli pathotypes in diarrhoeal samples was performed, and we were not able to confirm in
parallel by negative coproparasitological and coproviral tests that the diarrhoea was caused only by the identified DEC.

The wide range of risk factors associated with ADDs in children under 5 years of age has not been fully explored.

Conclusions

The most common pathotypes of DEC associated with ADD detected in our study were EAEC, ETEC, EPEC and EIEC,
respectively.

The results demonstrate the importance of DEC in ADD and highlight the need to develop appropriate diagnostic meth-
ods for this group of pathogens. Improved diagnostic capacity combined with the application of appropriate prevention
and control measures and the creation of sanitation and water treatment infrastructures, could help to reduce ADD
caused by ECD.
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