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ABSTRACT
Introduction. The usual definition of Shiga 
toxin-producing Escherichia coli hemolytic 
uremic syndrome (STEC-HUS) is based on 
the presence of anemia, thrombocytopenia, 
and elevated serum creatinine levels, with or 
without proteinuria and/or hematuria. The 
strict definition only considers elevated serum 
creatinine levels as a renal criterion. The extended 
definition maintains flexible renal criteria, 
although it replaces anemia with hemolysis and 
considers a sharp drop in platelet count as an 
indicator of platelet consumption. The objective 
of this study was to estimate and compare the 
diagnostic sensitivity of these definitions in 
patients with STEC-HUS as hospital discharge 
diagnosis.
Population and methods. Retrospective review 
of medical records of HUS patients. Sensitivity 
and positive predictive value, with their 
corresponding 95 % confidence intervals (CIs), 
were estimated for the 3 definitions based on a 
discharge diagnosis of STEC-HUS (reference 
diagnosis). The McNemar test was used.
Results. Out of 208 patients, 107 (51.4  %), 
133 (63.9 %), and 199 (95.6 %) were identified 
with the strict, usual, and extended definition, 
respectively. Sensitivity was lower for the 
strict definition (51.4  %; 95  % CI: 44.8-58.3), 
intermediate for the usual definition (63.9 %; 95 % 
CI: 56.9-70.4), and higher for the extended one 
(95.6 %; 95 % CI: 91.6-97.8); (p < 0.001).
Conclusion. The different STEC-HUS definitions 
showed significant differences in diagnostic 
sensitivity. The extended definition reached a 
sensitivity above 95  %, so its generalized use 
may help to reduce diagnostic delays.
Key words: hemolytic uremic syndrome, 
thrombocytopenia, acute kidney injury, diagnosis.
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INTRODUCTION
Shiga toxin-producing Escherichia 

coli hemolytic uremic syndrome 
(STEC-HUS) develops following a 
diarrhea episode, usually bloody, and 
is characterized by the presence of 
microangiopathic hemolytic anemia, 
thrombocytopenia, and acute kidney 
injury.1,2 It predominantly affects 
children younger than 5 years; renal 
involvement is present in all patients, 
and extrarenal manifestations may 
also be observed.1 Mortality in the 
acute stage is 3 %, mainly due to 
neurological involvement, and one 
third of patients have long-term 
sequelae, especially in the kidneys.3,4 
In Argentina, HUS is one of the 
leading causes of acute kidney injury 
and kidney transplant in pediatrics, 
and a critical problem for public 
health with a high social, health care, 
and financial impact.3,5 According 
to official records, it is an endemic 
disease with the highest incidence 
worldwide. The average number of 
annual cases between 2014 and 2018 
was 337, and the incidence in 2019 was 
6.23 cases/100 000 children younger 
than 5 years.6

The optimal case definition should 
maximize the inclusion of patients 
with STEC-HUS and minimize that 
of patients without this condition; 
however, considering its elevated 
incidence in Argentina, the lack 
of a specific treatment, and a high 
morbidity, a very sensitive definition 
would allow to optimize an early 
cl inical  management and make 
interventions to reduce bacterial 
dissemination.7 Several definitions 
have been accepted,7-12 with some 
differences in criteria, but it has not 
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been determined how they affect diagnostic 
capability at a local level. The objective of 
this study was to estimate and compare the 
diagnostic sensitivity of the 3 most commonly 
used definitions in patients with STEC-HUS as 
diagnosis at the time of hospital discharge.

POPULATION AND METHODS
This was a retrospective, observational, 

analytical, and cross-sectional study. The study 
population included the medical records of 
patients consecutively admitted to a children’s 
hosp i ta l  be tween  January  1 st,  2000  and 
December 31st, 2019 that met the following 
criteria: diagnosis of HUS at hospital discharge 
and age younger than 18 years. The exclusion 
criteria were medical records with incomplete 
data and confirmed or suspected atypical HUS 
associated with systemic conditions and/or 
drugs.

STEC-HUS case definitions encompass 3 
domains: renal, anemia, and thrombocytopenia.7-12 
In this study, diagnosis at hospital discharge 
is the reference standard, and definitions to be 
assessed were as follows: a) usual definition, 
which was the most common one,8,9 b) strict 
definition, which includes more rigid criteria,7,10,11 
and c) extended definition, based on more flexible 
criteria12 (Table 1).

Studied outcome measures included the 
duration of the prodromal phase, the presence 
of watery or bloody diarrhea, age, and sex. The 
following laboratory parameters were recorded 
when the HUS diagnosis was noted in the medical 
record: hematocrit, platelet count, presence of 
schistocytes, lactate dehydrogenase (LDH) and 
creatinine levels, hematuria and/or proteinuria. 
Among patients without urine analysis, the 
presence of anuria was recorded; and, among 
those with normal hematocrit, creatinine and/

or platelet levels at the time of diagnosis, the 
number of days until a hematocrit reduction 
below 30 %, a creatinine increase above the limit, 
and a platelet reduction below 150 000/mm3 
was recorded. Microorganism isolation was also 
recorded. The study was approved by the local 
Ethics Committee.

Definitions
The diagnosis of STEC infection was confirmed 

by at least one of the following methods: Shiga 
toxin 1 and 2 gene detection by polymerase chain 
reaction (PCR), STEC isolation in stool culture, 
and free Shiga toxin detection in stools and/or 
anti-lipopolysaccharide antibody detection.2 In 
patients with negative results and in the absence 
of suspected or confirmed atypical HUS, a STEC 
infection was assumed. The prodromal phase 
was defined as the period between the first day 
of diarrhea and HUS diagnosis.13

Mechanical anemia was demonstrated by 
the presence of schistocytes in peripheral blood 
smear and/or increased serum LDH levels 
(younger than 1 year old: > 580 IU/L, 1-9 years 
old: > 500 IU/L, 10-19 years old: > 330 IU/L) or 
both.14 The upper limit of creatinine (as per the 
Jaffé method) was established at 0.4 mg/dL for 
infants younger than 1 year and 0.7 mg/dL for 
children aged 1-12.14 Hematuria was defined as 
more than 5 red blood cells per field in urine, and 
proteinuria, as a positive strip test (+ or more).15,16 
Assessed extrarenal complications included 
severe intestinal involvement, central nervous 
system involvement, multiple organ failure, heart 
damage, pancreatic injury, eye alterations and/
or death.

Statistical analysis
Continuous outcome measures lacked a 

normal distribution (Shapiro-Wilk test) and 

Table 1. Diagnostic criteria of the three alternative hemolytic uremic syndrome definitions

Definition	 Criterion for anemia	 Criterion for renal involvement	 Criterion for thrombocytopenia

Strict7,10,11	 Hematocrit < 30 % with schistocytes	 Serum creatinine level	 < 150 000/mm3 
	 and/or elevated LDH level	  > normal limit for age	

Usual8,9	 Hematocrit < 30 % with schistocytes 	 Serum creatinine level	 < 150 000/mm3 
	 and/or elevated LDH level	  > normal limit for age and/or
		  hematuria and/or proteinuria	

Extended12	 Mechanical hemolysis 	 Serum creatinine level	 < 150 000/mm3  
	 (schistocytes and/or 	 > normal limit for age and/or	 or sharp drop > 50 % 
	 elevated LDH level)	 hematuria and/or proteinuria	

LDH: lactate dehydrogenase.
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were described as median (range). Categorical 
outcome measures were expressed as frequency 
of presentation and/or percentage, and compared 
using the χ² test. The diagnostic sensitivity 
and positive predictive value with the 95 % 
confidence interval (CI) of STEC-HUS definitions 
included here (strict, usual, and extended)7-12 were 
estimated based on the STEC-HUS diagnosis at 
hospital discharge (reference diagnosis). Since the 
study population was made up of patients with 
confirmed diagnosis, the specificity and negative 
predictive value of the different definitions were 
not estimated. The extended McNemar test as per 
Hawass was used to compare sensitivities.17 Since 

the study period was 20 years, the sample was 
divided arbitrarily into 2 sub-periods (before and 
after 2010) to investigate if there were changes 
in the diagnostic sensitivity of the different 
definitions over time. The Statistix® 7.0 software 
was used, and the p value was established 
at < 0.05.

RESULTS
During the study period, 210 patients were 

discharged from Hospital General de Niños 
“Dr. Pedro de Elizalde” with HUS diagnosis; all 
their medical records included sufficient data. 
Two patients were excluded from the study due 
to atypical HUS. The demographic and clinical 
characteristics of patients are summarized in 
Table 2.

Out of 208 studied patients, 107 (51.4 %), 133 
(63.9 %), and 199 (95.6 %) were identified with the 
strict, usual, and extended definition, respectively. 
A total of 107 patients met the 3 definitions, 
determined by the scope of the strict definition, 
whereas only 9 did not meet any definition, 
which corresponded to those who did not meet 
the extended definition criteria (Figure 1). The 
absence of anemia (hematocrit < 30 %) was the 
most common unmet criterion, which had an 
impact on both the strict and the usual definitions, 
since both include it (Table 3). Sixty-three patients 
(30.2 %) did not have anemia, but all of them 
presented findings compatible with mechanical 
hemolysis (schistocytes and/or elevated LDH 

Figure 1. Number of patients identified with each hemolytic uremic syndrome definition, with all of them, and with none of 
them
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Table 2. Characteristics of patients with hemolytic uremic 
syndrome included in this study

Characteristic	 N (%)
	 Median (range)

Number of patients	 208 (100)
Sex (female/male)	 100 (48)/108 (52)
Age (years)	 2.08 (0.5-11.9)
Duration of prodromal phase (days)	 5 (1-21)
Bloody diarrhea	 173 (83)
Evidence of STEC infection	 109 (52.4)
Need of dialysis	 102 (49)
Extrarenal complications	 48 (23)
Death	 5 (2.4)

Data expressed as frequency of presentation (percentage) or 
median (range), as applicable.
STEC: Shiga toxin-producing Escherichia coli.
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levels). Of them, 59 developed anemia after 
2 days (range: 1-5), whereas the other 4 did not 
develop anemia throughout the disease course. 
The absence of anemia upon admission was 
more common among patients with extrarenal 

complications and/or death (23/48 versus 
40/160; p = 0.002). An elevated creatinine level is 
a criterion only in the strict definition and failed 
to make an adequate classification of 40 patients 
(19.2 %); however, they all had kidney injury 
as expressed by hematuria and/or proteinuria. 
Fourteen of these patients exceeded the threshold 
value between 1 and 3 days after diagnosis; 
the remaining 26 patients maintained normal 
values until resolution of the acute condition. 
Unlike what was observed with the absence of 
anemia, this criterion was not associated with 
the presence of extrarenal complications and/or 
death (6/48 versus 34/160; p = 0.17). In relation 
to the findings in urine samples, 17 patients 
developed isolated hematuria and 106, hematuria 
associated with proteinuria; there were no urine 
results for the remaining cases due to the presence 
of anuria. Lastly, 12 patients did not develop 
thrombocytopenia; but 3 patients, although they 
had values > 150 000/mm3, showed a reduction 
of > 50 % compared to the lab results from the 
previous day. A fourth patient had a drop in 
platelet count, although this was 3 days after 
hospitalization, so it was not considered a sharp 
drop. As a result, only 9 patients were not covered 
by the extended definition (all with values 
> 150 000/mm3 of platelets without a sharp drop 
in platelet levels).

The diagnostic sensitivity was lower for 
the strict definition, intermediate for the usual 
definition, and much higher for the extended 
definition, with significant differences among 

Table 4. Diagnostic sensitivity of the different studied hemolytic uremic syndrome definitions

Definition		 Correctly identified patients, diagnostic sensitivity, and positive predictive value
	 2000-2019 period 	 2000-2009 period	 2010-2019 period 
	 n = 208	  n = 122	 n = 86

Strict	 n: 107 (51.4 %)	 n: 62 (50.8)	 n: 45 (52.3) 
	 S: 51.4 % (95% CI: 44.4-58.3)	 S: 50.8 % (95 % CI: 41.6-59.9)	 S: 52.3 % (95 % CI: 41.3-63.1) 
	 PPV: 100 % (95 % CI: 95.6-100)	 PPV: 100 % (95 % CI: 92.7-100)	 PPV: 100 % (95 % CI: 90.2-100)
Usual	 n: 133 (63.9)	 n: 78 (63.9)	 n: 55 (64) 
	 S: 63.9 % (95 % CI: 56.9-70.4)	 S: 63.9 % (95 % CI: 54.7-72.3)	 S: 63.9 % (95 % CI: 52.8-73.8) 
	 PPV: 100 % (95 % CI: 96.5-100)	 PPV: 100 % (95 % CI: 94.1-100)	 PPV: 100 % (95 % CI: 91.8-100)

Extended	 n: 199 (95.6)	 n: 117 (95.9)	 n: 82 (95.3) 
	 S: 95.6 % (95 % CI: 91.6-97.8)	 S: 95.9 % (95 % CI: 90.2-98.4)	 S: 95.3 % (95 % CI: 87.8-98.5) 
	 PPV: 100 % (95 % CI: 97.6-100)	 PPV: 100 % (95 % CI: 96-100)	 PPV: 100 % (95 % CI: 94.4-100)

N: number of patients; S: sensitivity; PPV: positive predictive value; CI: confidence interval.
2000-2019 period: strict versus usual definition (p < 0.001); usual versus extended definition (p < 0.001).
2000-2009 period: strict versus usual definition (p < 0.001); usual versus extended definition (p < 0.001). 
2010-2019 period: strict versus usual definition (p = 0.004); usual versus extended definition (p < 0.001). 
2000-2009 period versus 2010-2019 period: strict (p = 0.83); usual (p = 0.99); extended (p = 1.00).

Table 3. Criteria that were not met as per the studied 
hemolytic uremic syndrome definitions

Unmet criterion 	 Number of patients  
	 n = 208

Strict definition	
Anemia	 49
Anemia + high creatinine	 14
High creatinine	 26
Thrombocytopenia + normal creatinine	 4
Thrombocytopenia	 8
Total number of patients who do not  
meet the definition	 101

Usual definition	
Anemia	 63
Renal involvement (high creatinine  
and/or hematuria and/or proteinuria)	 0
Thrombocytopenia	 12
Total number of patients who  
do not meet the definition	 75

Extended definition	
Mechanical hemolysis	 0
Renal involvement (high creatinine  
and/or hematuria and/or proteinuria)	 0
Platelet consumption	 9
Total number of patients who  
do not meet the definition	 9
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them. On the other side, by dividing the analyzed 
period in two, it was observed that the sensitivity 
of the 3 definitions was similar (Table 4).

DISCUSSION
A  p o t e n t i a l  b a r r i e r  i n  t h e  a d e q u a t e 

management of STEC-HUS is the uncertainty 
resulting from the different commonly accepted 
case definitions. This is relevant because many 
patients seek care several times before obtaining 
a diagnosis, which is relatively simple because it 
is based on usually available laboratory tests.18 
This study found a great difference in terms of 
sensitivity, which ranged from 51.4 % for the 
strict definition to 95.6 % for the more flexible 
definition. Since only patients with an established 
diagnosis of STEC-HUS were included, specificity 
was not estimated; however, given the high 
prevalence of this disease in Argentina, using 
a highly sensitive definition seems reasonable. 
From a clinical perspective, it is worth noting 
that diagnosis should be established as soon as 
possible so that the patient is admitted to the 
hospital for the timely implementation of the 
necessary support measures.7,19 Both the strict 
and the usual definitions require the presence 
of anemia;7-11 the absence of this condition was 
the most common cause of a wrong diagnosis 
across the series. A high hematocrit level indicates 
dehydration secondary to gastrointestinal losses, 
which has been observed in more than one 
third of patients at the time of admission.20 It is 
remarkable that hemoconcentration is associated 
to a poor prognosis,3,21-23 as confirmed by our 
series: its finding is significantly associated with 
the presence of extrarenal complications and/
or death. Therefore, since more severe patients 
do not usually have anemia at onset,3,21-23 these 
definitions may delay disease recognition, 
therefore missing the best chance for treatment 
(e.g., a rapid blood volume correction, which has 
demonstrated to be effective in reducing dialysis 
requirement and mortality) and/or transfer to 
a tertiary care facility.24,25 Replacing anemia as 
an indispensable requirement with provable 
mechanical hemolysis based on the presence 
of schistocytes and/or increased LDH levels 
may facilitate an early STEC-HUS diagnosis.12 
Haptoglobin consumption may also be used to 
this end;12 however, this study did not assess 
this parameter because it is not systematically 
performed in our hospital.

The strict definition is even less sensitive 
than the usual definition because, in addition 

to the hurdle of anemia, it requires an increased 
creatinine level as renal criterion.7,10,11 It is worth 
noting that documenting certain degree of kidney 
injury in mild or very early diagnosed cases may 
be difficult because creatinine levels may be 
within the normal range in spite of an increase of 
more than 50 % from baseline, which is usually 
unknown.26 In addition, many children have 
hypoalbuminemia secondary to a low protein 
intake in the prior days; such hypercatabolism 
may also be accompanied by deceitfully low 
creatinine levels.27,28 Based on the cases presented 
by the authors, almost 20 % of patients had 
normal creatinine levels at the time of admission, 
which would have prevented an adequate 
classification. Unlike what was observed with 
anemia, which developed in 59 cases during 
the course of disease, 26 maintained normal 
creatinine levels until discharge. However, 
including urinary findings (hematuria and/
or proteinuria) in the renal domain, as is the 
case with the usual definition,8,9 allowed to 
identify 26 additional patients, which significantly 
increased diagnostic sensitivity. Similarly, 
the extended definition also includes urinary 
findings with the subsequent improvement in 
sensitivity.12 Since urine may be contaminated 
in patients with diarrhea and hemoglobinuria 
detected by test strip may account for filtered 
free intravascular hemoglobin or myoglobinuria, 
some authors observed that the renal criterion 
based on creatinine levels is more specific.28 In 
the patients included in this study, hematuria 
was assessed in relation to urinary sediment 
and, although specificity was not studied, the 
authors believe that the concomitant presence of 
other criteria (hemolysis and thrombocytopenia) 
in a child (usually younger than 5 years) with 
a history of bloody diarrhea together with the 
local epidemiological context should lead to 
strongly suspect STEC-HUS. The impossibility of 
collecting urine due to anuria did not affect the 
diagnostic capability because all patients with 
anuria had high creatinine levels and thus met 
the renal criterion.

Lastly, the extended definition showed an 
excellent sensitivity because it does not include 
the presence of anemia or high creatinine levels 
as requirements;12 only 9 patients were not 
covered by this definition (and, therefore, by 
none of the definitions) due to the absence 
of thrombocytopenia or the impossibility of 
documenting a sharp drop in platelet count at the 
time of consultation. Extending this criterion by 
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including a sharp drop in platelet count allowed 
to adequately classify 3 additional patients with 
normal counts, but in whom such decrease 
was confirmed. The 9 patients who could not 
be identified with the more flexible definition 
maintained normal platelet counts during the 
entire hospitalization and, although a decrease 
> 50 % was documented in 1 of them, it was not 
considered sudden because it occurred after 
3 days. The absence of thrombocytopenia is 
uncommon (6-11%)12,29,30 in children with STEC-
HUS; this is because, sometimes, the drop in the 
platelet count is transient and, therefore, goes 
undetected.31 In addition, the absence of this 
criterion may have little clinical impact because 
it is usually observed in patients with a mild 
presentation.32,33 Some authors also propose an 
increase in immature platelet fraction (> 3 %) as a 
marker of platelet consumption;12 this parameter 
was not studied in the patients included in this 
series. Last but not least, from an epidemiological 
perspective, it is also important to have a highly 
sensitive definition that will allow to implement 
timely isolation measures aimed at limiting 
bacterial dissemination.7

Although the number of patients analyzed in 
this study is large, there are some limitations. First 
of all, only patients with confirmed HUS diagnosis 
were included, so specificity was not assessed; 
however, due to the severity of this disease, 
knowing the sensitivity of the different definitions 
may be important to reduce to a minimum the 
number of patients that are not detected in a 
timely manner, especially in a country with such 
high incidence, as is the case of Argentina. A 
study conducted in Italy demonstrated that, at the 
time of admission, 25 % of patients did not have 
anemia, 14 % had normal creatinine levels, and 
11 % did not have thrombocytopenia; notably, 
no patient received a different diagnosis in the 
subsequent days.12 Another potential limitation 
of this study is that, during the long studied 
period, there were variations in the number 
of patients identified based on the different 
definitions, with the resulting alteration in their 
sensitivity (e.g., in recent years, there was a 
greater level of recognition of the presentation 
without anemia).21,34 However, this assumption 
was ruled out because no differences were 
observed when the sample was divided into 2 
periods of similar length.

CONCLUSION
The different STEC-HUS definitions showed 

significant differences in diagnostic sensitivity. 
The extended definition reached a sensitivity 
above 95 %, so its generalized use may help to 
reduce diagnostic delays.n
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