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Case Report

Severe Shiga Toxin Producing E. coli Hemolytic Uremic Syndrome in a
Child with COVID-19
Mattia Parolin1, Margherita Nosadini2, Davide Meneghesso1, Germana Longo1, Nicola Bertazza Partigiani1, Alessandro
Mazza3,4, Elisa Benetti1*

Abstract
Background: Thrombotic Microangiopathy (TMA) is one of the hallmarks
of Shiga toxin-producing E. coli hemolytic uremic syndrome (STEC+HUS),
but it is also described in coronavirus-19 disease (COVID-19).
Case: A 5-year-old girl was admitted to our Emergency with severe
neurological involvement in STEC+HUS. She experienced encephalopathy,
status epilepticus and respiratory distress that required nasotracheal
intubation. Parents also reported fever and respiratory symptoms in the
previous days. SARS-Cov2 PCR was positive both in nasopharyngeal
swab and bronchoalveolar lavage. Based on the severe Central Nervous
System (CNS) involvement and the concomitant COVID-19, we managed
the patient both for HUS and SARS-Cov2 infection administering
dexamethasone, eculizumab and a whole blood adsorber during renal
replacement therapy. The patient gradually improved until complete renal
and neurological recovery.
Discussion: In HUS, the severity of acute kidney injury is mainly related to
the magnitude of TMA. Moreover, the activation of alternative complement
pathway, triggered by Shiga toxin, is linked to the severity of both renal and
neurological disease. C3 consumption in our patient could be associated
with the degree of CNS involvement, although additional features such as
electrolyte imbalances and dehydration were lacking. Since COVID-19
can lead to TMA via complement activation, we speculated on the role of
SARS-Cov2 in transforming STEC infection into HUS and exacerbating
TMA, thus supporting the use of therapies rarely used in STEC+HUS.
Conclusion: The case described could provide further evidence on the
similarities of TMA pathophysiology in HUS and COVID-19.
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Introduction
The term Hemolytic Uremic Syndrome (HUS) is currently used to
describe the association of Acute Kidney Injury (AKI), non-immune
hemolytic anemia and thrombocytopenia. This triad is the consequence of
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a Thrombotic Microangiopathy (TMA) mainly located in
the renal vasculature [1, 2]. Depending upon the triggering
factors, HUS can be classified as hereditary or acquired [3].
Shiga toxin-producing E. coli (STEC) accounts for about
90% of the total cases of HUS in the pediatric population
[4]. Despite renal and hematological involvement, that are
mandatory for the diagnosis, other organs can be involved
such as central nervous system (CNS), liver, pancreas, heart
and gastrointestinal tract. CNS involvement can represent a
life-threatening condition, as well as worsening the outcome,
potentially causing serious long-term disability [5]. Although
in STEC+HUS TMA is mainly the direct consequence of Shiga
Toxin (STX) action on the renal microvascular endothelium,
evidence shows that STX may also directly contribute to
alternative pathway complement activation [6], in particular
in severe cases of STEC+HUS [7]. Similarly, SARS-Cov2
severe infection can lead to TMA, also via complement
activation [8]. We describe a severe course of STEC+HUS
occurred in a pediatric patient with coronavirus-19 disease
(COVID-19).

Case Presentation
A previously healthy 5-year-old girl was admitted to our
Emergency with encephalopathy, status epilepticus and a
5-day history of fever, bloody diarrhea, mild dehydration,
rhinitis and cough. Glasgow coma scale was 4, oxygen
saturation was below 80% with severe respiratory distress,
coarse rales at auscultation and blood pressure 100/65mmHg
(50-90thpercentile).
Considering the impaired consciousness, the severe
respiratory distress and the ineffectiveness of first-line
anti-seizure medications, an endotracheal tube was placed
in order to optimize the therapy and protect the airways.
Oxygen saturation raised to 90%. Blood tests revealed
microangiopathic hemolytic anemia (Hb 10.5g/dl) with
schistocytes in peripheral blood smear, thrombocytopenia
(PTLs 44,000mm/c), and stage III anuric AKI with serum
creatinine 620umol/L and BUN 45mmol/L, compatible
with HUS. Moreover, lactate dehydrogenase was increased
(3600U/L) as well as D-dimer (3400ug/L), while serum
C3 level was 0.7g/L (normal range 0.9-1.8g/L). Sodium
was 126mmol/L without other electrolyte imbalances and
C-reactive protein was 110mg/L (normal <6mg/L). Chest
x-ray showed mild interstitial disease, while cerebral MRI
revealed symmetric cytotoxic edema in the thalami and globi
pallidi (figure 1). Stool culture was positive for STEC-O56
STX2 producer, confirming a diagnosis of STEC+HUS.
However, SARS-Cov2 screening nasopharyngeal swab was
positive and the virus was also found in the bronchoalveolar
lavage (BAL) as well as in a rectal swab. Due to the disease
severity and the SARS-Cov2 coexistence, the patient was
managed both for HUS and COVID-19. Daily PBCs and PLTs
transfusions were administered for the first three days after
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Figure 1: cerebral MRI at onset showed (a) cytotoxic edema in the thalami
(DWI), (b) mild cytotoxic edema in the globi pallidi (ADC map) and (c)
mild hyperintense lesions in the thalami (FLAIR). Courtesy of Dr. Ignazio
D'Errico.

admission. Considering the severe neurological involvement,
a dose of 600mg of eculizumab was promptly administered
the first day, with partial improvement of the neurologic
status, making extubation possible the day after, even if noninvasive ventilation was required for several days. Three
total eculizumab doses were administered using the schedule
for complement-mediated HUS. Considering the SARSCov2 positivity in the BAL and the need for non-invasive
ventilation, suggesting the hypothesis that coronavirus could
play a role in TMA development, intravenous corticosteroids
(dexamethasone 0.15mg/kg/day) were started. At the same
time, renal replacement therapy (RRT) with continuous
veno-venous hemofiltration was performed both for renal
impairment and fluid overload control. Moreover, in the
attempt to reduce the cytokine storm and remove STX, two
treatments with a whole blood adsorber were performed. Six
days after admission, kidney function began to improve with
spontaneous diuresis and a decrease in BUN and creatinine
until complete normalization after two weeks. After
extubation, the consciousness level persisted depressed for one
week, and then it gradually improved until complete recovery
in three weeks. Together with the progressive recovery of
the ability to interact, the patient reported important visual
loss and headache. Complete eye review with optic nerve
function assessment showed only mild bilateral papilledema.
A cerebral MRI with angiography excluded intracranial
hypertension and blood vessel defects, and reported complete
resolution of the cytotoxic edema in the thalami and globi
pallidi. Visual acuity gradually improved in one month, until
complete recovery. The genetic evaluation for complement
mutations was negative.

Discussion
To our knowledge, this is the first report describing the
association of severe STEC+HUS and COVID-19. The
disease course, in particular the neurological involvement,
was very severe in our patient. Impaired consciousness, status
epilepticus and strokes are considered severe neurological
complications and are reported in only 10% of patients with
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STEC+HUS [9]. On the other hand, severe AKI is more
frequent, since it occurs in over half of pediatric patients with
STEC+HUS, requiring RRT in the acute phase of the disease
[10]. The severity of renal involvement correlates with TMA
magnitude. STX plays a central role in this process, because
it can cause direct damage to glomerular endothelial cells,
leading to microvascular thrombosis [11]. Moreover, STX
can also activate complement alternative pathway, both in
renal endothelial cells and fluid phase [7, 12]. Complement
contribution appears to be not only kidney restricted; in
particular, C3 consumption has been linked to the severity of
CNS involvement as well as kidney injury [13]. In our patient,
C3 level was decreased, suggesting a remarkable alternative
complement pathway activation, probably contributing to
the severe disease course. However, the typical thrombotic
microangiopathic lesions of HUS that are found in renal
vessels are not frequently observed in the brain endothelium
[11]. Autoptic evaluations in patients who died from CNS
complications in STEC+HUS showed evidence of TMA in
less than 35% of cases, while different lesions are reported
with a higher incidence, such as intracranial hemorrhage or
brain swelling [14]. Surely, the pathophysiology of CNS
involvement is less well known than that of the kidney.
Some evidence suggests that brain endothelium might react
to STX in different ways [11]. Furthermore, the severity
of neurological complications appears to be the result of
a combination of injuries rather than a unique effect of
STX. In particular, several reports [5,10,15] suggest that
both frequency and severity of CNS involvement are also
due to the degree of dehydration at admission, electrolyte
imbalances (mainly sodium) and hypertension. However, in
our patient the fluid status and electrolytes were only mildly
altered and blood pressure was at the 90thpercentile for sex,
age and height. Considering the magnitude of neurological
involvement, we promptly administered eculizumab, a
C5 inhibitor of complement cascade, in the attempt to
reduce complement-related injury. The first successful use
of eculizumab in STEC+HUS with severe neurological
involvement was reported in a small case series in 2011 [16].
However eculizumab has been shown to be more effective
when given early after diagnosis and in patients without
rapidly progressing HUS and multiple organ involvement,
suggesting a role in preventing complement-mediated effect
in CNS rather than in the blockade of early toxic effects of
STX [17].
In our patient, the severity of STEC+HUS could be, at least
in part, related to the concomitant SARS-Cov2 infection.
Indeed, it is interesting how complement activation and
related TMA are currently recognized as part of SARSCov2 infection, similarly to HUS. Recent acquisitions, both
in adults and children with severe COVID-19, suggest how
the deposition of the terminal complement complex C5b9 in
kidneys and the elevated levels of lactate dehydrogenase, low
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haptoglobin and schistocytes in the blood smear are similar
to complement-mediated HUS [18]. Furthermore, an indirect
confirmation of this similitude derives from the report of two
cases of complement-mediated HUS relapse triggered by
COVID-19 [19,20]. SARS-Cov2 appears to have a sort of
renal tropism, probably due to the relatively high expression
of angiotensin converting enzyme 2 (ACE2) receptors on
podocytes and tubular epithelial cells [21]. ACE2 receptors
are also found both in nasal goblet and ciliated epithelial
cells as well as oligodendrocytes, representing a possible
pathway to CNS infiltration. In addition, SARS-Cov2 can
reach the brain through hematogenous dissemination [22].
As in the kidney, COVID-19 causes endothelial injury and
subsequent TMA also in the brain, as shown in brain tissue
[23]. Finally, high levels of cytokines such as IL-1, IL-6,
IL-12, TNFα, INFγ, could also contribute to neurotoxicity
[22]. A remarkable secretion of inflammatory cytokines is
also reported in STEC+HUS and it contributes both to the
development of the disease and to CNS involvement [24].
These data suggest that STEC+HUS and COVID19 may
share a common pathophysiology. The patient described in
our report presented STEC+HUS with both renal and severe
CNS involvement, complicated by SARS-Cov2 infection.
Both diseases show a marked tendency to TMA development,
also via activation of the alternative complement pathway. In
this way, SARS-Cov2 could have exacerbated the magnitude
of STEC+HUS-related TMA, justifying the use of Covid-19
specific therapies such as corticosteroids in the attempt to
mitigate the virus-related TMA, as well as using eculizumab
and whole blood adsorbers directed against both SARSCov2 and STEC+HUS. Moreover, STEC infections trigger
HUS in only 6-9% of the patients [25] and COVID-19 may
also have played a possible role in facilitating the escalation
from gastrointestinal infection to HUS, not only in its
severity. STEC-HUS is usually managed in a conservative
and supportive way, but eculizumab can be considered in
case of severe neurological involvement, although data are
inconclusive regarding its effectiveness [5, 26]. Furthermore,
some reports suggest its use and efficacy in COVID-19
related distress syndrome [27, 28]. Moreover, whole blood
adsorbers are rarely employed in STEC+HUS [29] but
they can have a rationale in SARS-Cov2 critical patients,
considering the hyperinflammatory features of the disease
[30]. In conclusion, with the inherent limitation of a case
report, our case could represent further indirect evidence of
the similitudes of COVID-19 and HUS, mainly concerning
the TMA process, also providing a possible indication for
timely use of eculizumab and whole blood adsorbers in this
association.
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