
is extremely important for the patient because the 
treatment of both types is different. The highest in-
cidence of HUS D (+) is observed in small children 
below 5 years of age [3, 4].

The treatment of HUS (D+) is symptomatic, 
while in the case of HUS (D-), depending on its eti-
ology, the patient may require transfusion of fresh 
frozen plasma (FFP), therapeutic plasma exchange 
or immunosuppressive treatment [5].

Hemolytic uremic syndrome (HUS) is the 
most common cause of acute kidney injury (AKI) 
in children in the course of primary kidney dis-
ease  [1]. It is diagnosed on the basis of specific 
symptoms including hemolytic anemia, thrombo-
cytopenia and AKI. Until now, diarrhea-associated 
HUS was classified as typical HUS (D+), with oth-
er forms as atypical HUS (D-) [2]. Classification of 
the type of HUS and determination of its etiology 
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Abstract
Background. Diarrhea-associated hemolytic uremic syndrome (HUS D+) caused by verotoxigenic E. coli strains 
(VTEC) is a major cause of acute kidney injury in children between 1 and 5 years of age. Because of the short 
presence of VTEC in the gastrointestinal tract as well as difficulties with the detection of the verotoxigenic strain, 
identification of HUS etiology might be challenging.
Objectives. The aim of the study was to assess the clinical and diagnostic value of serological tests for specific anti-
bodies against verotoxigenic strains of E. coli in patients with HUS.
Material and Methods. Eight children aged 8 months – 7.1 years (mean 40 ± 29 months) with symptoms of acute 
kidney injury, hemolytic anemia and thrombocytopenia observed after hemorrhagic diarrhea were included to the 
study. VTEC presence was detected in a stool culture with subsequent analysis of the ability to produce verotoxin 
and the presence of VT1 and VT2 as well as intimin and enterohemolysin genes. In addition, the presence of spe-
cific IgA, IgM and IgG antibodies against E. coli serogroups O26, O103, O104, O111, O121, O145 and O157 was 
measured using ELISA.
Results. In 3 subjects, VTEC O26, O157 and O104 serogroups were cultured in the stool and the specific IgA, IgM 
and IgG antibodies were detected. In 4 subjects, no VTEC strains were cultured, however, high titers of IgA, IgM 
and IgG antibodies against E. coli O26, O157 and O111 were detected. In a single patient, the negative results of 
bacteriological and serological analyses excluded VTEC etiology of HUS.
Conclusions. A serological analysis of VTEC can confirm the result of stool culture for verotoxigenic E. coli strains 
and help to find the cause of HUS in case of negative results of a stool culture (Adv Clin Exp Med 2015, 24, 6, 
1031–1036).
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The most common (in 90% of cases) cause of 
HUS is intestinal infection with Shiga-toxin (also 
called verotoxin) producing E. coli strains (STEC/ 
/VTEC). Verotoxigenic E. coli are zoonotic bacte-
ria naturally found in the intestinal flora of farm 
as well as wild animals. The gastrointestinal tract 
of cattle, goats and sheep is the main reservoir of 
these bacteria. The ability to produce verotoxin 
has been observed in more than 100 serotypes of 
E. coli. The most commonly isolated VTEC is the 
O157 serologic group (41.1% of VTEC strains iso-
lated from humans in the European Union)  [6]. 
Epidemiological data shows that among non-O157 
VTEC the most common cause of HUS are O26, 
O103, O111, O121 and O145 serotypes [7].

The course of VTEC infection is variable, from 
asymptomatic carrier-state through acute gastro-
enteritis with non-bloody diarrhea up to the most 
common (90% of cases), hemorrhagic colitis (HC). 
It is estimated that approx. 5–15% of patients (usu-
ally below 14 years old) with between 1 and 14 days 
of diarrhea may develop HUS [8].

The clinical course of infection is influenced by 
the type of verotoxin produced by the E. coli strain. 
The majority of VT1-producing strains cause HC 
or non-bloody diarrhea whereas an infection with 
VT2-producing E.  coli strains (or,  more rare-
ly, both toxins) is more often complicated with 
HUS [7].

The basic diagnostic tool allowing for diagno-
sis of VTEC infection is stool culture and deter-
mination of the pathogenic features of the E. coli 
strain [9], including the ability to produce verotox-
ins. The presence of toxins might be detected in 
the strain as well as directly in stool samples us-
ing serological methods (serological and immuno-
chromatographic tests), PCR-based methods (for 
the presence of VT1 and VT2 genes encoding tox-
ins) or in a cytotoxic assay on the Vero cell line.

Literature data and our own observations sug-
gest that a few days after diarrhea, especially if the 
patient was treated with antibiotics, a  culture of 
VTEC strains might be impossible. In such cas-
es, determination of HUS etiology might be facili-
tated with the assessment of antibodies against the 
E. coli serotypes responsible for HUS (D+) [10].

The aim of the study was to assess the diag-
nostic value of specific antibodies against select-
ed E. coli  serotypes in the determination of HUS 
etiology.

Material and Methods
Eight children, aged 8  months –  7.1  years 

(mean 40  ±  29  months), admitted to the De-
partment of Pediatric and Nephrology, Medical 

University of Warsaw in 2011–2013 from region-
al hospitals because of HUS symptoms developed 
after bloody diarrhea were included to the study 
(Table  1). In this group, 4  children were below 
4 years old.

The treatment consisted of transfusions of 
packed red blood cells (pRBC) and FFP (10 mL/kg). 
In children who required renal replacement ther-
apy, acute peritoneal dialysis (APD) or hemo-
diafiltration (HDF) were performed. After im-
plantation of a Tenckhoff catheter under general 
anesthesia, peritoneal dialysis solutions contain-
ing 1.36–2.27% of glucose (Baxter) were used.
Continuous veno-venous hemodiafiltration 
(CVVHDF) was performed on a  PRISMA Flex 
machine (Gambro) with PRISMA ST 60 hemofil-
ters. CVVHDF was performed through a double 
lumen dialysis catheter inserted into the right in-
ternal jugular vein.

Antibiotics were used in the treatment of hem-
orrhagic diarrhea or as a prophylaxis for surgical 
implantation of the catheter.

Laboratory Tests
A biochemical analysis of blood specimens 

(urea, creatinine, lactate dehydrogenase (LDH), 
AST – alanine transaminase, ALT – alanine trans-
aminase, bilirubin) was performed using the dry 
chemistry method on a Vitros 500 analyzer (Ortho 
Clinical Diagnostics, Johnson & Johnson Com-
pany). Coagulation parameters were measured in 
citrated plasma on a  CS-2100i analyzer (Sysmex) 
or BCS XP (Siemens). Complete blood count was 
measured in EDTA-plasma on a LH 750 analyzer 
(Beckman Coulter).

Glomerular filtration rate (GFR) was calculat-
ed by Schwartz formula [11]. The concentration of 
ADAMTS 13 as well as its activity was measured 
using ELISA (Imubind Adamts 13 Elisa).

Microbiological Analyses
Stool was cultured on MacConkey agar. Ten 

randomly selected colonies of E. coli were isolat-
ed and identified on the basis of their biochemi-
cal features, ability to produce β-D-glucuronidase 
and sorbitol fermentation. Identification was per-
formed according to the protocol described previ-
ously [12]. The antigenic group of the respective 
isolates was analyzed with a  latex test (Biomex) 
according to the manufacturer’s protocol. In ad-
dition, the ability of the isolated strains to pro-
duce verotoxin was analyzed using a  reversed 
passive latex agglutination test (VTEC-RPLA, 
Oxoid). The PCR method was utilized to de-
tect fragments of the genes encoding verotoxins 
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(VT1  and  VT2), intimin (eae) and enterohemo-
lysin (ehly), according to the protocol described 
previously [12, 13].

Serological Tests
Serum levels of IgA, IgG and IgM antibodies 

against E. coli from O26, O103, O104, O111, O121, 
O145 and O157 serological groups were measured 
in the studied patients. Lipopolysaccharide (LPS) 
antigens obtained with a modified Boivin method 
were used as antigens in ELISA assay  [14]. Con-
centration of the working solution of all LPS prep-
arations was established at 25  µg/mL using the 
chessboard titration method. In the classification 
of the result, a cut-off value calculated on the basis 
of the analysis of sera obtained from healthy blood 
donors (mean arithmetical value plus two standard 
deviations) was used.

Results
Mean hospitalization duration was 19.6 ± 8.4 

days (range: 11–31  days). Diarrhea was observed 
in all the studied children, while bloody stools were 
present in 5 of them. In 5 children, HUS symptoms 
were observed during diarrhea (patients #1, 2, 5, 7 
and 8). The course of HUS in these children was 
severe and they required renal replacement thera-
py. In the remaining 3 patients (patients #3, 4 and 
6), HUS was observed 1–2  days after resolution 
of the gastrointestinal symptoms (Table 1). Mean 
duration of thrombocytopenia (<  150  G/L) was 
9.2  ±  3.3  days and normalization of hemoglobin 
concentration was observed after 11.8 ± 6.5 days. 
Symptoms of intensive diathesis were not observed 
in any patients. Normalization of creatinine con-
centration was observed after 17.8  ±  8.5  days 
(range: 8–28  days) from the beginning of the 

Table 1. Basic clinical data and selected laboratory findings in the studied children. The lowest platelet number, hematocrit 
and hemoglobin level and minimum GFR value, as well as the highest concentrations of urea, creatinine, LDH, white blood 
count and serum bilirubin are given

Patient

1 2 3 4 5 6 7 8

Sex f f m f m m f m

Age (months) 8 46 24 36 86 60 53 75

Diarrhea duration (days) 8 3 10 3 8 5 8 4

Onset HUS from starting diar-
rhea (day)

7 3 12 4 3 6 6 3

D-dimer (ug/L FEU)  
(normal range < 550)

20442 8345 4953 14482 21585 2832 5674 10598

PLT (G/L) (normal 
range > 150)

29 42 14 11 34 84 29 24

Hgb (g/L)/Hct (L/L) 47/0.139 76/0.226 72/0.203 63/0.181 72/0.214 62/0.177 63/0.186 56/0.162

WBC (G/L)  
(normal range 4–14)

22.8 16.8 16.6 13 11.1 17.2 27.2 22.8

AST/ALT U/L  
(normal range 15–50/10–24)

109/98 300/203 153/34 143/80 375/102 53/24 193/23 247/121

Urea (mmol/L)  
(normal range 2.49–6)

50 33.4 21.2 33.7 49.1 34.9 29.4 32.4

Creatinine (µmol/L)  
(normal range 17.7–61.9)

512.72 795.6 106.08 132.6 530.4 97.24 663 406.6

Min GFR (mL/min/1.73 m2) 5 4.81 32.3 28 8 43.5 5.43 11.2

Bilirubin (µmol/L)  
(normal range 5.1–20.5)

32.5 46.17 41.04 59.85 66.7 30.78 12 54.72

LDH (U/L)  
(normal range 470–900)

10831 9772 8976 9570 15291 4257 8788 17373

AST – aspartate transaminase; ALT – alanine transaminase; LDH – lactate dehydrogenase; PLT – platelet count; 
WBC – white blood count; Hgb – hemoglobin (normal range 125–160 g/L); Hct – hematocrit (normal range 0.37–0.47).
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disease, while normalization of transaminase ac-
tivity was after 9.2 ± 4.5 days. After the acute peri-
od of the disease, 6 children developed arterial hy-
pertension grade I (95–99th percentile for age, sex 
and height) that required 1 antihypertensive drug 
(patients #1, 2, 3, 4, 5 and 8). After the acute pe-
riod of the disease, abnormal results of urinalysis 
were observed in 6 children, including hematocy-
turia (patients #3, 4 and 6) and hematocyturia with 
non-nephrotic proteinuria (patients #1, 2 and 7). 
Only in 2 children (patients #5 and 8), were no ab-
normalities in urinalysis after the acute period of 
the disease observed.

In all the studied children, a  medical history 
was taken to establish the potential source of in-
fection. In 6  children no source of infection was 
found. One child (patient #2) was infected after 
contact with piglets with postweaning diarrhea, 
an animal disease caused by E. coli. In the case of 
patient #5, the disease was transmitted within the 
household (from an ill father) (Table 2).

Microbiological Test Results

E. coli was present in the stool culture in 4 out 
of 8  children with clinical symptoms of HUS. 
The cultured E.  coli strains were later confirmed 
to produce verotoxin. These strains expressed 
the VT2 gene as confirmed with PCR and active-
ly produced verotoxin VT2 as confirmed with 
VTEC-RPLA. Serological typing revealed that the 
isolates were from O157, O26 and O104 serolog-
ic groups. In the isolates obtained from patient #8, 
no VTEC strains were confirmed (Table 2). In the 
remaining 4 children, the stool culture was nega-
tive for E. coli.

Serological Test Results
In 7 of the studied children, IgM, IgG and IgA 

antibodies against the LPS of verotoxigenic strains 
of E. coli were detected (Table 2). The results of the 
serological assessments revealed the presence of 

Table 2. The results of microbiological tests, characteristics of VTEC strains isolated from patients with HUS and applied 
treatment

Patient

1 2 3 4 5 6 7 8

VTEC serotyping O157:H- O26:Hn E. coli 
– no 
growth

E. coli 
– no 
growth

O104:H4 E. coli 
– no 
growth

E. coli – no 
growth

Among cul-
tured E. coli no 
VTEC strains 
were observed

Result of RPLA-
VTEC

VT2 VT2 nt nt VT2 nt nt –

Presence of anti-
bodies against 
VTEC serotype*

O157 O26 O111 O26 O104 O157 O157 –

Course severity 
–PD length

PD 
– 7 day

PD 
– 19 days

– – PD – 12 days – PD 
– 10 days

HDF – 10 days

Antibiotic used cefurox-
ime

cefurox-
ime

cefu-
roxime

– cefuroxime, imi-
penem + cilas-
tatin, xifaxan

ceftri-
axone

cefuroxime, 
imipenem +
cilastatin

cefotaxime

Source of infec-
tion

piglets not 
found

not 
found

not 
found

household con-
tact

not 
found

not found not found

PCR 
results

VT1 – – nt nt – nt nt –

VT2 VT2a VT2a nt nt VT2a nt nt –

eae + + nt nt – nt nt –

ehly + + nt nt – nt nt –

RPLA-VTEC – verotoxins VT1 and VT2 detection test; Hn – antigen not determined; H – immobile strain; VT1 – vero-
toxin 1 gene; VT2 – verotoxin 2 gene; eae – intimin gene; ehly – hemolysin gene; nt – not tested; PD – peritoneal dialysis; 
HDF – hemodiafiltration; “–“ – negative, “+” – positive; * presence of antibodies against E. coli O26, O104, O111, O121, 
O145 and O157 LPS antigens in serum samples obtained from patients with hemolytic uremic syndrome.
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a humoral response against E. coli serotype O157 
in 3 patients, serotype O26 in 2 patients and sero-
type O111 and O104 in single cases. Serological as-
sessment of the VTEC strain was concordant with 
the results of the bacteriological analysis of VTEC 
strains cultured from the patients (#1, 2 and 5). In 
the stool culture of patients #3, 4, 6 and 7, no E. coli 
growth was observed, whereas serological analysis 
showed the presence of antibodies against VTEC 
(Table 2). In the E. coli isolates obtained from pa-
tient #8, neither VTEC strains nor antibodies 
against the LPS of the studied VTEC serotypes of 
E.  coli were detected. In this patient, a  decreased 
level of ADAMTS 13 protease was observed. In pa-
tients #3, 4 and 6, the level of ADAMTS 13 prote-
ase was in the normal range.

Discussion
According to epidemiological data, 222 cases 

of HUS (D+) were registered in European coun-
tries in 2010, which accounts for 5.5% of all labo-
ratory confirmed VTEC infections. Infection with 
VTEC O157 was the most common cause of HUS 
(identified in 42.5%). Less common serotypes 
were VTEC O26 (19.2% of patients), VTEC O111 
and VTEC classified to other antigen groups [6]. 
Although the studied group was small, our re-
sults are concordant with this data. In the largest 
number of cases (3/8), infection with VTEC O157 
was observed. The second-most common cause 
of HUS was the O26 strain (2/8), whereas O111 
and O104 serotypes were found in single patients 
(1/8 each).

The genes encoding verotoxin (VT1 and VT2) 
are transferred via prophages integrated with 
a bacterial chromosome and replicated simultane-
ously. Because of this, effective expression of these 
genes and the production of toxins is observed 
only after induction of the prophage, initiation of 
the lytic cycle and lysis of the bacteria  [15]. The 
induction of prophages might be spontaneous or 
induced by external triggers. One of the most im-
portant factors inducing prophages are antibiotics, 
especially fluoroquinolones, co-trimoxasole, trim-
ethoprim, furazolidone or polymyxin. It has been 
shown that antibiotic therapy in children with 
VTEC-mediated diarrhea may result in a several-
fold increase in the risk of HUS  [16]. The effect 
is caused not only by the induction of prophages 
but also by the large amount of the toxin released 
into the intestine from the bacteria killed by the 
drug and the consequently increased absorption 
of the toxin into the blood. Moreover, antibiot-
ics increase the risk of a  bacteriophage infection 
of other sensitive E. coli strains (e.g. physiological 

flora) that may result in increased production of 
VT. In our material, the children who developed 
HUS symptoms during diarrhea had a  more se-
vere course of the disease. All of these children 
were treated with antibiotics (2nd or 3rd genera-
tion cephalosporin) since the 2nd–4th day of di-
arrhea and that could influence the severity of 
the disease. In two patients (#3 and 6) who were 
treated with antibiotics, HUS symptoms were ob-
served after cessation of the diarrhea. In these cas-
es, the HUS might have been initiated by the anti-
biotic-mediated induction of the phage. However, 
the course of HUS in these children was mild and 
they did not require renal replacement therapy. 
The patients (#1, 2, 5 and 8) with max LDH se-
rum level ≥ 10000U/L had a more serious course 
of HUS. They required renal replacement therapy 
despite antibiotic usage.

In 3 of the studied patients (#1, 2 and 5), the 
VTEC strains were cultured in the stool and the 
presence of VT2 was confirmed. In the serum ob-
tained from these children, antibodies against the 
LPS antigens of the same serotypes of VTEC were 
detected. In the other 4 patients (#3, 4, 6 and 7), 
the lack of bacteriological confirmation of the eti-
ology could indicate atypical HUS, however, the 
presence of IgA, IgG and IgM antibodies against 
VTEC O111, O26 and O157 suggested HUS (D+). 
In patient #8, with bloody diarrhea before HUS, 
the VTEC strain was not cultured and no specif-
ic antibodies against the selected antigenic groups 
of VTEC were detected. In this patient, atypi-
cal HUS not associated with intestinal infection 
was confirmed with the low level of ADAMTS 13 
protease.

In the majority of our patients, serological 
analysis helped to diagnose or confirm the in-
fection with verotoxigenic strains of E.  coli and 
qualified the patient to HUS (D+) group. In the 
case of negative results of the bacteriological as-
says, serological analysis of the immune response 
to VTEC was of great complementary value.  
If both bacteriological and serological analyses 
for VTEC in a patient with diarrhea are negative, 
other causes of HUS should be considered (as in 
patient #8).

To perform a full serological analysis of HUS 
(D+), 2 sequential samples of serum should be an-
alyzed to assess the dynamics of the antibody titers 
and increase the specificity of the antigen by using 
LPS fragments characteristic for specific serotypes. 
This aim will be achieved in future studies.

Because fast identification of HUS etiology de-
termines the treatment and is extremely important 
for a patient’s fate [23], the diagnosis of HUS eti-
ology should be considered a routine bacteriolog-
ical assessment. In this context, the availability of 
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commercial, chromogenic culture media, which is 
easy to use by any microbiological laboratory, for 
selective isolation of verotoxigenic E.  coli strains 
(the most common serotypes including O157, O26 
and O111) directly from stool are very promising.

The authors have concluded that a serological 
analysis of VTEC can confirm the result of a stool 
culture for verotoxigenic E. coli strains or may help 
to find the cause of HUS in the case of negative re-
sults of the stool culture.

References
  [1]	 Goldstein SL, Devarajan P: Acute kidney injury in childhood: should we be worried about progression to CKD? 

Pediatr Nephrol 2011, 26, 509–522.
  [2]	 Geerdink LM, Westra D, van Wijk JAE: Atypical hemolytic-uremic syndrome in children: complement muta-

tions and clinical characteristics. Pediatr Nephrol 2012, 27, 1283–1291.
  [3]	 European Food Safety Authority. European Centre for Disease Prevention and Control. The European Union 

Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and Food-borne Outbreaks in 2011. EFSA 
Journal 2013, 11, 3129. [250pp.]. DOI:10.2903/j.efsa.2013.3129. Available online: www.efsa.europa.eu/efsajournal.

  [4]	 Herold S, Karch H, Schmidt H: Shiga toxin-encoding bacteriophages – genomes in motion. Int J Med Microbiol 
2004, 294, 115–121.

  [5]	 Zuber J, Fakhouri F, Roumenina LT, Loirat C, Freme aux-Bacchi V: Use of eculizumab for atypical haemolytic 
uraemic syndrome and C3 glomerulopathies. Nat Rev Nephrol 2012, 8, 643–657.

  [6]	 European Food Safety Authority. European Centre for Disease Prevention and Control. The European Union 
Summary Report on Trends and Sources of Zoonoses, Zoonotic Agents and Food-Borne Outbreaks in 2010. EFSA 
Journal 2012, 10, 2597. (442pp.). DOI:10.2903/j.efsa.2012.2597 (Available online: www.efsa.europa.eu/efsajournal).

  [7]	 Mellmann A, Bielaszewska M, Köck R, Friedrich AW, Fruth A, Middendorf B: Analysis of collection of hemo-
lytic uremic syndrome-associated enterohemorrhagic Escherichia coli. Emerg Infect Dis 2008, 14, 1287–1290.

  [8]	 Gerber A, Karch H, Allerberger F, Verweyen HM, Zimmerhackl LB: Clinical course and the role of Shiga tox-
in-producing Escherichia coli infection in the hemolytic-uremic syndrome in pediatric patients, 1997–2000, in 
Germany and Austria: a prospective study. J Infect Dis 2002, 186, 493–500.

  [9]	 Strockbine NA, Wells JG, Bopp CA, Barrett TJ: Overview of detection and subtyping methods. In: Kaper JB, 
O’Brien AD, editors. Escherichia coli O157:H7 and Other Shiga Toxin-producing E. coli Strains. Washington, D.C.: 
American Society for Microbiology Press 1998, 331–356.

[10]	 Schwartz GJ, Munoz A, Schneider MF, Mak RH, Kaskel F, Warady BA, Furth SL: New equations to estimate 
GFR in children with CKD. J Am Soc Nephrol 2009, 20, 629–637.

[11]	 Jakubczak A, Szych J, Januszkiewicz K: Charakterystyka pierwszego izolowanego w Polsce fermentującego sorbi-
tol werotoksycznego szczepu Escherichia coli O157. Med Dośw Mikrobiol 2008, 60, 173–181.

[12]	 Rastawicki W: Humoralna odpowiedź na wybrane antygeny pałeczek Yersinia enterocolitica i  Yersinia pseudo­
tuberculosis w  przebiegu jersiniozy u  ludzi. III. Występowanie i  poziom przeciwciał dla antygenu wspólnego 
pałeczkom enterobacteriacae (ECA). Med Dośw Mikrobiol 2007, 59, 93–102.

[13]	 Januszkiewicz A, Szych J, Rastawicki W, Wolkowicz T, Chróst A, Leszczyńska B, Kuźma E, Roszkowska- 
-Blaim M, Gierczyński R: Molecular epidemiology of a household outbreak of Shiga-toxin-producing Escherichia 
coli in Poland due to secondary transmission of STEC 0104:H4 from Germany. J Med Microb 2012, 61, 552–558.

[14]	 Suzuki T, Gorzynski AE, Neter E: Separation by ethanol of common and somatic antigens of Enterobacteriaceae. 
J Bacteriol 1964, 88, 1240–1243.

[15]	 Rubino S, Cappuccinelli P, Kelvin DJ: Escherichia coli (STEC) serotype O104 outbreak. Causing haemolytic syn-
drome (HUS) in Germany and France. J Infect Dev Ctries 2011, 5, 437–440.

[16]	 Kuijper E, Soonawala D, Vermont C, Dissel J: Household transmission of haemolytic uraemic syndrome associ-
ated with Escherichia coli O104: H4 in the Netherlands, May 2011. Euro Surveill 16 (25), pii= 19897.

Address for correspondence:
Beata Leszczyńska
Department of Pediatric Nephrology
Medical University of Warsaw
Marszałkowska 24
00-576 Warszawa
Poland
E-mail: bleszcz1@gmail.com

Conflict of interest: None declared

Received: 26.08.2014
Revised: 5.11.2014
Accepted: 10.04.2015


