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Abstract	 Shiga toxin (Stx)-producing Escherichia coli (STEC) infections are implicated in the development
	 of the life-threatening hemolytic-uremic syndrome (HUS). Despite the magnitude of the social and 
economic problems caused by HUS, no licensed vaccine or effective therapy is currently available for human 
use. Prevention of STEC infections continues being the most important measure to reduce HUS incidence. This 
is especially true for Argentina where HUS incidence among children is extremely high and shows an endemic 
pattern. The aim of this work was to investigate serologically adult staff of kindergartens in Buenos Aires city and 
suburban areas in order to detect possible carriers, and to educate personnel about good practices to reduce 
HUS transmission. We also assessed the microbiological quality of water and meal samples from the same 
kindergartens. We tested 67 healthy adults, 13 water supplies and 6 meals belonging to 6 public kindergartens. 
We analysed hand swabs for isolation of STEC and serum samples for the presence of antibodies against Stx 
and lipopolysaccharide (LPS) of O157 serogroup. We identified 46 Stx2-positive individuals, but only 7 for O157 
LPS. No presence of STEC pathogens was detected in hands of staff, water or meal samples. 

Key words: hemolytic uremic syndrome, anti-Stx antibodies, anti-O157 LPS, health promotion talks, teaching boxes

Resumen	 Control microbiológico y serológico de Escherichia coli O157: H7 en personal de jardines
	 de infantes de la ciudad de Buenos Aires y áreas suburbanas. Las infecciones bacterianas con 
Escherichia coli productor de toxina Shiga (Stx) (STEC) están implicadas en el desarrollo del síndrome urémico 
hemolítico (SUH). A pesar de la magnitud del problema social y económico causado ​​por el SUH, actualmente 
no existe un tratamiento específico o una vacuna eficaz para uso humano. Por lo tanto, la prevención de las 
infecciones por STEC es la tarea central para reducir la incidencia del SUH. Esto es especialmente cierto para 
Argentina en donde el SUH muestra un comportamiento endémico y presenta una incidencia extremadamente alta 
entre los niños. En efecto, la mediana de casos notificados en menores de 5 años para el periodo 2010-2015 fue 306, 
mientras que la tasa de notificación fue 8.5 casos cada 100 000 menores/año (http://www.msal.gob.ar/images/stories/
boletines/boletin_integrado_vigilancia_N335-SE45.pdf). El objetivo de este trabajo fue analizar serológicamente al 
personal adulto de jardines de infantes de la ciudad de Buenos Aires y el área suburbana con el fin de detectar 
portadores, y brindarles formación sobre las buenas prácticas para reducir la transmisión de infecciones con STEC 
y así evitar el SUH. También se evaluó la calidad microbiológica de las muestras de agua y de la comida elaborada 
en los mismos jardines. Hemos estudiado 67 adultos, a través del hisopado de manos para la búsqueda de STEC 
y suero para la presencia de anticuerpos contra Stx y el lipopolisacárido (LPS) de serogrupo O157. También se 
analizaron 13 suministros de agua y 6 muestras de comida pertenecientes a 6 jardines de infantes públicos. Se 
identificaron 46 individuos positivos para Stx2, pero solo 7 para LPS-O157. No se detectó presencia de patógenos 
STEC en las muestras de las manos del personal, ni en los reservorios de agua o muestras de comida.

	 Palabras clave:	 síndrome urémico hemolítico, anticuerpos anti-Stx; anti-LPS O157, charlas de promoción de la 
salud, cajas didácticas
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Pathogenic Shiga toxin (Stx)-producing Escherichia 
coli (STEC) infections can cause illness with a wide 
spectrum of severity, from watery diarrhea and hemor-
rhagic colitis to hemolytic uremic syndrome (HUS), a 
life-threatening condition1. The infection correlates with 
the ingestion of contaminated meat or vegetables, but 
is also transmitted by water or even person-to-person 
contact2, 3. Sporadic or massive outbreaks have been re-
ported in several developed countries4, but in Argentina, 
HUS shows an endemic pattern and represents a serious 
public health problem with high morbidity and mortality 
rates5-7. Escherichia coli O157:H7 is the dominant STEC 
serotype associated with HUS worldwide and also in 
Argentina, although non-O157 STEC serogroups can 
cause a similar disease.

A striking feature of STEC infections is the production 
of potent Shiga toxins (Stx), responsible for HUS devel-
opment8, 9. STEC can produce two types of Stx, type 1 
(Stx1) and type 2 (Stx2), and their allelic variants, all of 
them have an AB5 molecular structure10, 11. 

Children below 5-years old are the most susceptible 
population to develop STEC-associated HUS, and at-
tending to child-care or kindergarten institutions have 
been reported to be a risk for HUS12-15, probably as a 
consequence of person-to-person infection route. 

Thus, the aim of the present study was to analyze 
the frequency of asymptomatic STEC carriers on kin-
dergarten’s staff, by testing anti-O157LPS and anti-Stx 
antibodies. 

Laboratory diagnosis of STEC O157 infections relies on 
isolation of the pathogen from stools6, 7, detection of Stx in 
fecal filtrates16, and/or detection of anti-Stx serum antibod-
ies17. The detection of anti-O157 E. coli lipopolysaccharide 
(LPS) antibodies in combination with stool culture and/
or serum Stx antibodies by western blot, considerably 
improves the diagnosis of STEC infections, mainly in 
those patients in which bacteria were not isolated18-20 or 
in asymptomatic adults.

Although several methods have been used to test the 
presence of anti-Stx antibodies, i.e. neutralization assay 
(Stx-Nab) and enzyme-linked immunosorbent assays 
(ELISA)17, we chose western blot (WB) because it proved 
to be more specific and sensitive than ELISA21, 22. As an 
additional advantage, WB allows to discriminate antibod-
ies against A and B subunits. 

In addition, we analysed the microbiological quality of 
water and meals and hand-swab samples of kindergarten 
staff.

At the same time, we informed the staff on health risks 
and provided them with the necessary tools to avoid those 
risks, including information on food preparation and ap-
propriate hygiene practices to prevent diarrhea diseases, 
particularly associated to STEC pathogens.

Due to the high incidence of HUS in Argentina and the 
lack of a licensed vaccine or specific and effective therapy, 

the primary prevention is fundamental to decrease the 
impact of HUS in children’s health.

Materials and methods

Six public kindergartens situated in Buenos Aires city and 
suburban areas were studied between November 21, 2012 
and May 21, 2013. The Ethics Committee of the University 
of Buenos Aires approved this study. All volunteers were 
enrolled in this study after the written informed consent had 
been obtained.

Several health promotion talks were given to the kinder-
gartens' staff. The information provided in the talks included 
adequate food handling and hygiene practices to prevent 
diarrhea. In this regard, the kindergartens' staff were trained 
through theoretical talks and teaching boxes created by the 
LUSUH Association (Bulletin N° 15, www.lusuh.org.ar) con-
taining puppets and scripts in order to develop three plays 
for children on the following topics: washing hands, washing 
fruits and vegetables, and proper cooking of meat; as well as 
warning signs to place in kitchens and bathrooms (www.lusuh.
org.ar). In addition, a video explaining the characteristics of the 
disease was shown and a book of testimonials from parents 
of children who have suffered from HUS was given. 

Sixty-seven healthy adults belonging to the kindergartens' 
staff were analyzed. Blood samples were obtained by pricking 
the index finger with a needle and collecting the blood with 
heparinized capillary tubes. Plasma was immediately sepa-
rated and stored at -20 °C until use. Hand-swab samples of 
kindergarten staff were simultaneously obtained. 

Water samples (200 ml each sample) were obtained in 
sterilized tubes from different sources (water tank, kitchen tap, 
bathroom tap). Prior to sample collection, the sources were 
sterilized by alcohol and flamed. All samples were stored at 
4 °C. Three out of six kindergartens served food prepared in 
place, the rest of them served snacks such as crackers, pas-
tries and / or bread, with milk (packaged in plastic sachets), 
mate or tea infusions. Because the collations do not represent 
a risk for STEC transmission, only kindergartens in which 
food was prepared were included for food sampling. The food 
analyzed was: bread and butter; breaded beef; boiled chicken; 
boiled potato, carrot and pumpkin; noodles and cornstarch and 
milk based dessert. All food samples were kept refrigerated 
until the microbiological analysis was done. 

Water samples were filtered using a sterilized filter. Filters 
were incubated in LB broth to increase the bacterial concen-
tration in the sample. Samples were plated on MacConkey-
sorbitol and were incubated for 24 h at 37 °C. Presence or 
absence of transparent/clear colonies (nonsorbitol-fermenting) 
was observed. Sixty five grams of each food sample were 
studied for the presence of O157:H7 E. coli strains follow-
ing the BAM 2011 methodology (http://www.fda.gov/Food/
FoodScienceResearch/ LaboratoryMethods/ucm070080.htm).

Hand swabs of 30 healthy adults from kindergartens' staff 
were recorded and analyzed. The swabs were inoculated in 
Stuart medium tubes (Difco Laboratories, Detroit, MI, USA), 
ice-cooled, and analyzed within 24 h. Samples were placed on 
MacConkey-sorbitol and incubated for 24 h at 37 °C. Presence 
or absence of colonies was observed.

Purified Stx2 and Stx1 toxins were produced and stored 
at -20 °C until its usage in WB assay, following previously 
reported methods22. WB assay was adapted from the method 
of Karmali et al.23, as previously described22. 

A novel indirect ELISA test for the diagnosis of STEC-asso-
ciated diseases has been developed recently20. It is based on a 
recombinant glycoprotein consisting of an N-formylperosamine 
O polysaccharide attached to the C. jejuni AcrA protein. The 

http://www.fda.gov/Food/FoodScienceResearch/ LaboratoryMethods/ucm070080.htm
http://www.fda.gov/Food/FoodScienceResearch/ LaboratoryMethods/ucm070080.htm
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lack of reactivity against non-glycosilated form of AcrA and the 
lack of cross-reactivity among different glycoproteins confirm 
the specificity of the assay. Microtiter plates (Corning) were 
coated with 50 µl containing 2.5 g/ml of O157-AcrA (125 ng/
well), as previously described20. Positive and negative control 
samples were included in each plate. Subsequently, bound 
antibodies were detected using horseradish peroxidase (HRP)-
conjugated goat antibodies anti-human total Ig (Sigma). The 
optimal sample dilution was 1:100, and the optimal dilution of 
conjugates was 1:2 000. These established parameters20 were 
used to test all samples.

Results were expressed as the percentage of reactivity of 
the mean absorbance at 450 nm (A450) of the positive-control 
serum included in each assay run. The percentage of reactiv-
ity was calculated as follows: % reactivity (A450 of the test 
sample/mean A450 of the positive control) × 100. 

Frequency values were compared with the Chi-square test 
for independence and trend (two by three tables) or Fisher’s 
exact test (two by two tables) as indicated. 

Results

Purified Stx2 and Stx1 were resolved by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), 
and after transferring it onto polyvinylidene difluoride 
(PVDF) membranes, two bands corresponding to the 
molecular mass of A and B subunits of each toxin were 
identified with either anti-Stx2 mouse polyclonal antibod-
ies or anti-Stx1 positive human plasma (Fig. 1A and Fig. 
2A). Thirty eight (out of 46) plasma samples were reactive 
at least against one subunit of Stx2, indicating that 83% 
of adults were positive for Stx2 (Fig. 1B). These samples 
were reactive with either the A subunit alone (n = 3), 
the B subunit alone (n = 18), or both subunits (n = 17), 
while only 8 samples were negative for Stx2. In contrast 

to the high frequency of Stx2-positive samples, only 13 
plasma samples out of 21 were positive for Stx1 (62%). 
All Stx1 positive samples were reactive only with the A 
subunit (Fig. 2B). Given that A subunits from Stx1 and 
Stx2 show a high homology in their sequences (36) we 
cannot rule out that antibodies against Stx2 A subunit 
cross-reacted with Stx1 A subunit. 

Since one of the most immunodominant STEC antigens 
is the O-polysaccharide section of the LPS and the O157 
serogroup is the most prevalent among HUS cases in 
Argentina, we use the recently developed anti- LPS O157-
AcrA ELISA test20, because it is a simple, sensitive and 
specific test to search for asymptomatic adults as possible 
carriers of O157-STEC infection.

All 62 serum samples were analyzed and the results 
were outlined in a dot plot diagram (Fig. 3). Based on a pre-
vious work20, a cut-off value was established as the mean 
plus three standard deviations of the reactivity values of 
negative control samples. Over this cut-off it is possible 
to clearly discriminate between negative and positive 
anti-O157 samples. As shown in Fig. 3 specific reactiv-
ity against O157-AcrA was observed in seven samples. 
The detected antibody response was specifically directed 
toward the O-polysaccharide moiety of the corresponding 
glycoprotein in all samples (data not shown). 

Food samples included bread and butter, breaded 
beef, chicken, noodles, boiled carrots and potatoes, 
mashed pumpkin and a dessert made of cornstarch and 
milk. All food samples analyzed according to FDA - BAM 
2011 were negative for E coli O157: H7. Similarly, water 
supplies and hand swabs cultures did not show growth of 
pathogenic E. coli strains.

Fig. 1.– Detection of anti-Stx2 antibodies. (A) Western blot of mouse-polyclonal serum, and 
human plasma against Stx2 as antigen. Representative immunoblot strips from healthy 
staff plasma are shown. Lane 1 shows a mouse-polyclonal serum reactive against Stx2 
A and B subunits; positive human plasma showed reactivity to either the A subunit alone 
(lane 2), the B subunit alone (lane 3), or both subunits (lane 4). Samples that showed 
a complete absence of reactivity was considered negative (lane 5). (B) Frequency of 
reactive plasma samples against Stx2 in healthy staff (total n = 46; reactive n = 38). 
Non reactive plasma samples (black bar) (n = 8); samples reacting only with the A 
subunit (white bar) (n = 3); samples reacting only with the B subunit (light gray) (n = 
18) and samples reacting with the A and B subunits of Stx2-subunit (dark gray)(=17) 
by WB assay were represented.

A B
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Discussion

E. coli O157 serogroup, specifically Stx2a/c-producing 
strains, are the most virulent diarrhegenic E. coli known 

to date24. Because of the extremely high incidence of HUS 
in children below 5-year-old in Argentina, STEC infections 
in childcare facilities and kindergartens are a public health 
problem that requires the improvement of surveillance 
policies. Although national health organisms have signifi-
cantly improved national surveillance for waterborne and 
foodborne diseases during the last decade, no national 
surveillance exists for STEC-associated diseases resulting 
primarily from person-to-person transmission. 

Several epidemiological studies have reported STEC-
associated diarrheal outbreaks in child-care centers12-15, 25, 
and attending to these institutions is considered a risk 
for HUS development6, 24. Considering that in all these 
outbreaks no common source of infection was found, 
and that secondary cases were identified as a part of the 
epidemic curve, person-to-person transmission has been 
suspected. Major recommendations about attendant chil-
dren include: i) requirements to keep symptomatic children 
at home, ii) early case reporting, and iii) exclusion of those 
who remain culture-positive. But also symptomatic or 
asymptomatic adults have been focus of attention. Thus, 
staff members of child-care centers, kindergartens and 
close adult family contacts have been studied. Worldwide 
recommendation is that all staff member positive for STEC 
should be excluded from the center until microbiological 
clearance is obtained. Other environmental factors that 
were identified as contributors to spread of diarrhea ill-
ness included overcrowding and inadequacies in cleaning 
and in the food preparation facilities26. Moreover, reports 
demonstrating diarrheal illness in a family member as a 

Fig. 3.– Detection of anti-O157 antibodies by glycol-iELISA. 
Microtiter plates coated with O157-AcrA were incubated 
with plasma samples obtained from healthy staff. Bound 
antibodies were detected using HRP-conjugated anti-hu-
man total Ig antibodies. Results are expressed as the per-
centage of reactivity of the positive-control serum included 
in each assay run. Dashed lines indicate the cutoff value 
calculated as the mean plus three standard deviations of 
the reactivity values of the 186 negative control samples.

Fig. 2.– Detection of anti-Stx1 antibodies. A) Western blot of human plasma against Stx1 as 
antigen. Representative immunoblot strips from healthy staff plasma are shown. Lane 1 
shows a positive control plasma reactive against Stx1 A subunit. Positive human plasma 
showed Stx1-binding signal to the A subunit alone (lane 2). Samples that showed a 
complete absence of reactivity was considered negative (lane 3). Each plasma sample 
was assayed at least twice. A third WB was made in case of discrepancy between the 
two formers. B) Bars represent the frequency of reactive plasma samples against Stx1 
in healthy staff (total n = 21; reactive n = 13). Nonreactive plasma samples (black bar) 
(n = 8) or samples reacting with the A subunit of Stx1 (white bar)(n = 13) by WB assay 
were represented.



ESCHERICHIA COLI (STEC) IN KINDERGARTEN STAFF 189

risk factor for developing HUS in Canada also support 
person-to-person transmission27-29.

Prevention and control of person-to-person STEC 
transmission depend primarily on appropriate hands 
hygiene, environmental hygienic conditions, appropriate 
water suppliers30, but also on an appropriate level of risk 
awareness by the staff.

In spite of the high circulation of STEC strains in 
Argentina, in particular those producing Stx27, local in-
formation about the frequencies of healthy STEC carriers 
is very limited. This is due, at least in part, to the lack of 
microbiological evaluation of those individuals. We have 
sorted this difficulty screening anti-O157 LPS antibodies 
in plasma from kindergartens' staff, by a simple, specific 
and economical ELISA test. We studied 67 adults from 
kindergartens' staff and detected 83% of Stx2-positive 
plasma samples using the same methodology by which 
we previously reported 67% of healthy children showing 
anti Stx2-antibodies22. These results suggest that pri-
mary STEC infection mainly occurred during childhood, 
and post-bacterial contacts ensure the persistence of 
anti-Stx2 antibodies. On the other hand, this frequency 
was significantly higher than the frequencies reported 
for urban areas at Canada (46%) but similar to those 
of a rural area (65%) for an age-matched population23, 
probably due to the high circulation of Stx2-producing 
strains in Argentina and associated to the HUS endemic 
behavior in this country6, 7.

A previous study has found 51% of HUS household 
contacts with neutralizing anti-Stx2 antibodies in Ar-
gentina31. The difference between both studies can be 
ascribed to the different sensitivity of the tests used, i.e. 
western blot vs. neutralizing VERO assay, rather than 
to a real increase in adult seropositivity. Indeed, STEC-
positive adults or children are often detected when a 
household child undergoes STEC-associated bloody 
diarrhea or HUS32. The percentage of anti-Stx1 positive 
plasma among staff was significantly lower (62%) than the 
percentage of anti-Stx2 (83%), but still higher compared 
to the previous study in children from Argentina (<10%)20. 
Moreover, these frequencies are higher to those found in 
the healthy populations from Canada23, Europe33 and the 
United States34. Considering that all anti-Stx1- positive 
samples were only reactive against the A subunit , it might 
be possible that antibodies against the A subunit of Stx1 
resulted from cross-reaction with A subunit of Stx2, based 
on their known antigenic similarities35. It is known the 
high prevalence of Stx2a/Stx2c-producing STEC in beef 
cattle36, as well as in stools from post-enteric HUS cases 
in Argentina9. However, since all negative samples for 
Stx1 reacted with Stx2 A subunit, it is difficult to ascribed 
anti-Stx1 positivity only to the cross-reactivity with Stx2. 
Because anti-Stx antibodies probably do not prevent re-
infections with STEC, the existence of a large asymptom-
atic population of adults that carries the pathogenic strains 

without systemic complications is probable. In fact, the 
identification of 11% of positive samples reactive against 
O157 LPS suggests that they are probably carrying or 
were recently infected with these pathogenic bacteria. It 
is important to highlight that several authors have reported 
that the median duration of O157-STEC shedding was 31 
days, and median period of exclusion was 39.5 days14.

Water supply, food and hand swabs for isolation of 
STEC pathogens showed negative results, suggesting 
that personal hygiene and water and food suppliers are 
a common problem. However, we could not completely 
rule out a failure at the level of sample preparation, or 
that bacterial concentration in samples was below the 
sensitivity of the test used37.

In conclusion, despite the low number of adults under 
presumption of being STEC  carriers, the risk of transmis-
sion of these pathogens to children in close contact with 
them, makes education a central focus of interest. In fact, 
specific education in prevention of STEC dissemination 
toward adult staff at kindergartens is essential to ensure 
good practices in child stool handling, hand washing, and 
exclusion of attendees (children and staff) with diarrhea. 
To help control of STEC infections, the education of staff 
working in kindergartens can improve habits of staff in close 
contact with children at the age of high-risk of developing 
HUS. In addition, it is important to highlight that although 
we focus staff education just on STEC transmission, it will 
certainly result in the improvement of surveillance for acute 
gastrointestinal diseases by various other (viruses, Shigella) 
also associated to person-to-person transmission. 
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