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Abstract
The purpose of this review is to describe Streptococcus pneumoniae–associated hemolytic uremic syndrome (P-HUS) with
emphasis on new insights into the pathophysiology and management over the past 10 years. Even though awareness of this
clinico-pathological entity has increased, it likely remains under-recognized. Recent observations indicate that although neur-
aminidase activity and exposure of the T-antigen are necessary for development of P-HUS, they are not sufficient; activation of
the alternate pathway of complement may also contribute. It is unclear, however, whether or not eculizumab and/or plasmaphe-
resis are of value.
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Introduction

Hemolytic uremic syndrome is characterized by microangio-
pathic hemolytic anemia, thrombocytopenia, and acute kidney
injury (AKI). It is most commonly caused by Shiga-like toxin-
producing Escherichia coli (STEC) but is also a complication
of invasive pneumococcal disease (IPD). Atypical forms of
hemolytic uremic syndrome (aHUS) include HUS caused by
genetic defects resulting in dysregulation of the alternative
complement pathway, inborn errors of metabolism, and
HUS linked to other neuraminidase-producing organisms [1,
2]. As more is discovered about potential mechanisms for
pathophysiology, new categorization schemes for HUS have
been proposed [3, 4]. Fakhouri et al. [3] proposed a classifi-
cation scheme which differentiates HUS with coexisting dis-
eases or conditions, infection-induced HUS, cobalamin C de-
fect-HUS, and atypical HUS (DGKE-HUS, HUSwith dysreg-
ulation of the complement alternative pathway, HUS without
identified cause).

The prevalence of Streptococcus pneumoniae–associated
hemolytic uremic syndrome (P-HUS) is highest among

children under 2 years of age and is most frequently seen in
patients with pneumonia with empyema or meningitis. Waters
et al. reported an incidence of empyema of 60% and menin-
gitis of 30% in a cohort with P-HUS [5]. Features of P-HUS
usually develop 3 to 13 days (most at 7 to 9 days) after the
onset of pneumococcal-related symptoms [6]. In comparison
to patients with STEC HUS, those with P-HUS have longer
periods of oligo-anuria, more frequent need for acute dialysis,
longer hospital stays, a longer duration of thrombocytopenia,
and more red blood cell and platelet transfusions [5, 7, 8].
Acute mortality is highest in patients with S. pneumoniae
meningitis complicated by HUS [5, 7, 8].

Historical perspective—summary
of knowledge prior to 2008

At the time of our previous review in 2008, P-HUS represent-
ed about 5% of all reported cases of HUS cases in children and
about 40% of HUS cases not caused by STEC [9]. HUS com-
plicating IPD has been recognized since the 1970s and early
reports indicated that this rare condition was associated with a
very poor clinical outcome. Of the 12 patients reported in the
English language literature between 1977 and 1987, 50% died
and 67% of the survivors developed chronic kidney disease
(CKD) or hypertension. In the following years, the morbidity
and mortality rates declined dramatically, likely secondary to
advances in critical care management. In reviewing the

* Lawrence Copelovitch
Copelovitch@email.chop.edu

1 Division of Nephrology, Department of Pediatrics, The Children’s
Hospital of Philadelphia, 3401 Civic Center Boulevard,
Philadelphia, PA 19104, USA

https://doi.org/10.1007/s00467-019-04342-3

/ Published online: 13 September 2019

Pediatric Nephrology (2020) 35:1585–1591

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-019-04342-3&domain=pdf
http://orcid.org/0000-0002-7748-3560
mailto:Copelovitch@email.chop.edu


literature from 1987 to 2007, 73 patients were reported, of
whom 12.3% died in the acute phase, 10.1% developed end-
stage kidney disease (ESKD), and 16% developed CKD or
hypertension [9]. Although 28% had meningitis, 88% of the
deaths occurred in this subgroup. In marked contrast, P-HUS
not associated with meningitis had a reported acute mortality
rate of 2%. The poor prognosis of patients with pneumococcal
meningitis complicated by HUS was potentially explained by
the earlier observation that the severity of pneumococcal men-
ingitis is related to the neuraminidase activity and Thomsen-
Friedenreich antigen (T-antigen) exposure in the central ner-
vous system [10]. Reports of hepatic involvement in the form
of hyperbilirubinemia and cholestasis were exceptional at the
time of our last report [11, 12], but cases are being increasing-
ly recognized [13, 14]. The mechanism of hepatocellular in-
jury is likely multifactorial, but none of the reported cases had
synthetic liver dysfunction, all of the patients had resolution of
liver complications, and hepatocellular injury was not associ-
ated with increased mortality. Recurrence of P-HUS has not
been described, which suggests that, like STEC HUS, there is
a single insult to the kidney. Long-term renal outcomes for P-
HUS were thought to be analogous to STEC HUS, in which
25–30% of survivors have chronic renal sequelae. The
greatest risk factor for the development of CKD after P-HUS
was related to the severity of the initial renal injury and need
for acute dialysis for greater than 20 days [7].

The lack of a specific laboratory test or universally accept-
ed diagnostic criteria, as well as some overlapping features
with disseminated intravascular coagulation (DIC), all likely
contributes to cases of P-HUS being under recognized. In our
previously proposed P-HUS case definitions, we included def-
inite, probable, and possible cases to aid in recognition and
diagnosis of this entity in critically ill patients (Table 1) [7].
HUS and DIC may be difficult to differentiate because both

may have microangiopathic hemolytic anemia, thrombocyto-
penia, and AKI. Bleeding is the predominant clinical manifes-
tation of DIC, but the definition is based on laboratory studies
that show significant prolongation of the PT and PTT and
consumption of fibrinogen and platelets. Previous classifica-
tion schemes relied on culture-proven S. pneumoniae infec-
tion or histopathologic evidence of thrombotic microangiopa-
thy (TMA). However, the estimated yield of positive blood
cultures from patients with pneumonia is only 10–30% [15].
Furthermore, the instability of many of these patients pre-
cludes a renal biopsy, and TMA on biopsy is not pathogno-
monic for P-HUS as it can also occur in DIC. Our criteria for
classifying cases of P-HUS incorporated the use of a positive
Coombs test in the setting of proven or possible pneumococ-
cal infection as strong evidence for T-antigen activation and,
thus, pneumococcal neuraminidase activity. As this laboratory
finding is not a feature of DIC or other forms of HUS, its
inclusion in the case definition allowed for inclusion of criti-
cally ill patients in whom HUS and DIC might coexist.

All serotypes of S. pneumoniae have neuraminidase activ-
ity capable of exposing the T-antigen, but different subtypes
could theoretically produce varying amounts and activities of
neuraminidase that could influence the likelihood of develop-
ing HUS. In 2000, a 7-valent (serotypes 4, 6B, 9V, 14, 18C,
19F, 23F) pneumococcal protein conjugate vaccine (PCV7)
was licensed for use in young children in the USA and rec-
ommended for all children younger than 2 years. Before 2007,
the serotype most frequently associated with the development
of P-HUS was serotype 14 as it was detected in 35% of the 23
reported cases [7]. Several years after the introduction of the
PCV7 vaccine, the rate of serotype 19A invasive pneumococ-
cal disease in children younger than 5 years increased signif-
icantly. In 2007, Waters et al. compiled the largest series of
bacteriologic data from 12 patients with pneumococcal HUS

Table 1 Modified pneumococcal
HUS case definitions Definite

cases
- Evidence for HUS

- Evidence of invasive S. pneumoniae infection (blood or another sterile biological fluid) or
sputum culture in the presence of pneumonia

- No evidence of DIC

Probable
cases

- Evidence for HUS

- Evidence of invasive S. pneumoniae infection (blood or another sterile biological fluid) or
sputum culture in the presence of pneumonia

- Evidence of DIC

- Evidence of T-activation via positive Coombs test or peanut lectin assay

Possible
cases

- Evidence for HUS

- A toxic patient with pneumonia, meningitis, or other evidence of invasive infection without
identification of a specific organism

- Evidence of T-activation via positive Coombs test or peanut lectin assay with or without
evidence of DIC

OR

- No evidence of DIC

HUS hemolytic uremic syndrome, DIC disseminated intravascular coagulation
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in the UK [5]. Eleven of the pneumococcal isolates were from
the post-pneumococcal vaccine era: 6 (54.5%) were serotype
19A, 2 were serotype 14, 2 were serotype 3, and 1 was sero-
type 6A. In a case series of 14 patients diagnosed with P-HUS
at The Children’s Hospital of Philadelphia between 1988 and
2009, there was serotype data for 12 patients: 8 (66.7%) had
serotype 19A, 2 had serotype 14, 1 had serotype 9 V, and 1
had serotype 6A. In this cohort, all 6 confirmed infections
after the induction of the 7-valent pneumococcal protein con-
jugate vaccine was caused by serotype 19A [7].

The precise pathophysiology of P-HUS had not been de-
termined. However, there has been evidence for a role for
neuraminidase activity and exposure of the T-antigen, which
is normally hidden by neuraminic acid. Klein et al. speculated
that S. pneumoniae neuraminidases are released in the circu-
lation and remove sialic acid (N-acetylneuraminic acid) from
the cell surface glycans of red blood cells, platelets, and glo-
merular endothelial cells leading to the exposure of the T-
antigen to which preformed host IgM antibodies bind [16]. It
was believed that this antibody binding initiated the cascade of
events that led to P-HUS. Thus, it was previously accepted
that clinicians should be judicious in the transfusion of blood
products and only use washed products in order to prevent
further exposure to preformed antibody [6, 17]. While this
strategy is still widely in use, new studies investigating the
underlyingmolecular pathology of P-HUS question the neces-
sity of this approach and suggest other strategies for limiting
thrombotic microangiopathy, hemolysis, and renal injury.

New insights into pathophysiology

Over the past 10 years, even with improved vaccine coverage
and a reduction in the prevalence of IPD, pneumococcal in-
fection remains a major cause of HUS in children. While
STEC infection remains the leading cause of HUS, the inci-
dence of P-HUS appears to be increasing [18–20]. P-HUS
now represents approximately 5–15% of all reported HUS
cases. This may be due to increased recognition or possibly
a shift in serotype of IPD associated with increased vaccina-
tion rates or serotype coverage worldwide. Prior to the era of
pneumococcal vaccination, serotypes most likely to cause
HUS were 3, 6B, 8, 9 V, 14, 19, and 23F [6, 20]. After the
introduction of PCV7 in 2000, the emergence of non-vaccine
serotypes 19A, 1, 3, 6A, and 7Fwas observed [5–8, 19, 20]. In
2010, PCV13 was introduced which includes protection
against serotype 19A. One group in the UK studying IPD rates
in infant population recently found that the majority of infec-
tions (71.4%) in the post-PCV13 era in which serotype data
were available were caused by non-PCV 13 serotypes [21].
Based on currently published data, pneumococcal serotype
19A may still remain the most commonly reported serotype
associated with P-HUS despite the introduction of the PCV13

vaccine [20]. However, there are limited available epidemio-
logical serotype data after introduction of universal 13-valent
vaccine introduction in patients who develop P-HUS.

Despite the severity of P-HUS and an increase in awareness
and diagnosis, the pathogenesis is still not definitively under-
stood, and clinicians cannot accurately predict which patients
with IPD will develop this complication. As previously men-
tioned, it has long been thought that pneumococcal neuramin-
idase contributes in some way to the development of P-HUS
[16]. However, its exact role and the downstream effects of the
desialylation of glycoproteins on the surface of red blood cells
(RBCs) and glomerular endothelial cells are not fully under-
stood. Neuraminidase released by S. pneumoniae acts by
cleaving terminal N-acetylneuraminic acid (sialic acid) from
glycoproteins present in plasma and on the cell surfaces in
contact with the enzyme (red blood cells, platelets, glomerular
endothelial cells). This exposes the cryptic T-antigen. This
process is known as T-activation. In 2008, the best evidence
for the role of neuraminidase in the pathogenesis of P-HUS
was supported by the study by Huang and colleagues who
showed that T-activation was significantly associated with
HUS in IPD. Using the peanut (Arachis hypogaea) lectin ag-
glutinin assay, they demonstrated T-antigen exposure in 100%
(13/13) of children with P-HUS, 67% (6/9) patients with IPD
associated hemolytic anemia, and only 43% (6/14) children
with uncomplicated IPD [22]. Thus, T-antigen exposure was
100% sensitive, but only 48% specific for P-HUS in IPD.
Other studies have subsequently confirmed 100% sensitivity
of the peanut lectin agglutination assay for P-HUS [23]. This
assay is also specific for pneumococcal infection as compared
to healthy controls [24]. Nevertheless, because only 0.4–0.6%
of IPD patients progress to P-HUS, additional factors must be
involved [6, 9].

The notion that T-antigen exposure and subsequent binding
of preformed IgM antibodies led to the development of HUS
was supported by the detection of these erythrocyte-bound
antibodies by the direct Coombs test. This test was initially
reported to be positive in about 90% of cases of P-HUS [7,
25]. More recent data suggests that the sensitivity of Coombs
positivity is closer to 60% [24, 26]. Doubt has been cast on
this theory as anti-T antibodies are low-titer antibodies with
extremely weak hemolyzing capacity and have never been
definitely shown to cause hemolysis in patients with T-
activated RBCs [27–29]. Furthermore, it is a cold reactive
antibody and at 37 °C causes neither red blood cell agglutina-
tion nor complement activation [28]. Finally, P-HUS may oc-
cur in children as young as 4 months of age when a significant
amount of anti-T is unlikely to be present [24]. Thus, it is
entirely possible that there may be other downstream effects
of neuraminidase activity and T-antigen exposure that lead to
P-HUS separately from IgM binding.

As the shift away from the central role of IgM binding to
the T-antigen in the pathogenesis of P-HUS has gained wider
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acceptance, several studies have attempted to better define the
role of neuraminidase activity. Samples collected during the
acute phase of illness from a 9-month-old patient with P-HUS
were analyzed with mass spectrometry. Decreased sialylation
was found in both transferrin N-glycans and IgA1 O-glycans
as compared to three healthy controls [30, 31]. The authors
concluded that the decreased sialylation was a result of in-
creased serum neuraminidase activity from enzymes secreted
by the pneumococcal bacteria in the affected infant. A sepa-
rate study of 10 patients with IPD (5 with HUS, 3 with hemo-
lytic anemia alone, and 2 patients with neither) hinted at the
central role of neuraminidase activity and sensitivity of T-
antigen testing for the early diagnosis of P-HUS [24]. Red
blood cell T-antigen testing with both peanut lectin and
Glycine soja lectin was 100% sensitive for P-HUS, but using
both lectin assays together or quantifying T-antigen expres-
sion improved the specificity of diagnosis. Red blood cells
from the two patients with uncomplicated IPD reacted with
peanut lectin, but not Glycine soja. Additionally, the aggluti-
nation titer was much lower for those patients without hemo-
lytic anemia or HUS. In contrast, the Coombs test was positive
only in 3 of 5 patients with HUS and 2 of 3 with hemolytic
anemia, further suggesting that neuraminidase activity/T-
antigen exposure is the crucial step rather than native immu-
noglobulin binding. However, while the peanut and Glycine
soja assays seem to improve the sensitivity and specificity of
diagnosing P-HUS, they are not readily available in most lab-
oratories, thereby reducing clinical utility. While there are no
data regarding the rate of Coombs positivity in pneumococcal
infection without HUS, in this small study, neither of the pa-
tients with uncomplicated IPD had a positive Coombs test. In
light of these facts, in clinical practice, a positive direct
Coombs test in a child with HUS and signs of infection re-
mains an indicator of P-HUS.

S. pneumoniae expresses up to three types of sialidases
(NanA,NanB, andNanC).NanA is invariably present in pneu-
mococcal strains isolated from clinical samples of patients
with IPD and exposure of T-antigen in vivo is dependent on
NanA [27–29]. However, Smith et al. attempted to determine
the importance of NanA and its genomic diversity in the path-
ogenesis in P-HUS. They found significant difference neither
in overall neuraminidase activity in vitro nor in genetic con-
tent between the isolates from patients with P-HUS compared
to control isolates from patients with IPD without HUS [32].
The lack of an association between differentNanA alleles in P-
HUS isolates compared with controls suggests that host fac-
tors play a more significant role in the development of HUS
compared to any specific NanA variant. In contrast, another
group examined the distribution of the three neuraminidase
genes in pneumococcal isolates from 18 children with P-
HUS and 54 controls with IPD without HUS [23]. They found
that all isolates from both groups had genes NanA and NanB
and also identified a significantly higher carriage rate ofNanC

in the causative pneumococcal isolates from patients with P-
HUS (89% vs 41%). The sensitivity and specificity of the
presence of NanC in predicting the development of P-HUS
in this population were 89% and 59% respectively [23]. The
result suggests that NanC could provide an additive effect to
NanA and NanB in the overall activity of pneumococcal neur-
aminidases in exposing T-antigen on various cells in patients
with HUS. This finding was not replicated in a subsequent
study which compared 29 isolates from patients with P-HUS
and serotype-matched controls with IPD [33]. In this study, no
difference was observed in NanC distribution and there was
no significant correlation between neuraminidase activity and
disease state. It is also possible that NanC may be important
for tissue-specific virulence as one study demonstrated that
the prevalence of NanC activity was 1.4 times higher among
samples taken from the CSF of children with IPD as compared
to isolates taken from the upper respiratory tract of carriers
[34]. Importantly, these isolates were not taken from patients
with HUS but could be relevant to predicting clinical course as
mortality in P-HUS is highest in those with meningitis.
Overall, there have been conflicting reports regarding whether
the degree of neuraminidase activity and antigen exposure
correlates with development or severity of HUS, with some
studies reporting very high neuraminidase activity in P-HUS
[24, 35] and others not substantiating this finding [32, 33]. It is
clear that neuraminidase activity and T-activation are associ-
ated with S. pneumoniae infection and are likely involved in
the pathogenesis of P-HUS, but T-antigen exposure alone does
not seem to be sufficient in causing P-HUS. It remains unclear
whether microbial factors, host factors, or a combination of
both contributes to the development of P-HUS.

Nicolas Burin des Roziers et al. have hypothesized that
galectin-3, the major endogenous T-antigen-binding pro-
tein, may play a role in P-HUS pathogenesis [24]. Gal-3
is expressed and secreted by macrophages and other im-
mune cells and is implicated in the inflammatory response
and host defense against pneumococcal infection [24, 36].
Additionally, Gal-3 oligomerizes at high concentrations
and forms heterogeneous multimolecular complexes that
cross-link both cell surfaces and glycoconjugates express-
ing the T-antigen [37]. They found that plasma concentra-
tions of Gal-3 were substantially higher in all 10 patients
with IPD as compared to 29 healthy controls [24]. The
average plasma concentration of healthy controls was 1.2
± 0.6 ng/mL, while patients with IPD without HUS had
levels between 8 and 26 ng/mL and those with P-HUS
had levels ranging from 22 to 41 ng/mL. The authors sug-
gest that the high concentrations of Gal-3 protein in P-HUS
patients may contribute increased adhesion between
desialylated RBCs and endothelial cells both expressing
T-antigen, which could in turn generate complement acti-
vation in close contact with the endothelial cell and ulti-
mately HUS [24].
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Another hypothesis that speaks to the potential contribution
of a host factor is the observation that the transient dysregula-
tion of complement activation may lead to the development of
TMA and P-HUS. In addition to unmasking T-antigen,
desialylation on red blood cells also triggers complement ac-
tivation via the alternative pathway in vitro and in vivo in
guinea pigs [38, 39]. This may be due to decreased regulation
of the pathway because factor H relies on membrane sialic
acid residues for binding. As a result of neuraminidase
desialylation, factor H cannot bind properly to C3 convertase
on the cell surface, leading to complement activation and cel-
lular injury [40, 41]. Kerr et al. demonstrated that the complex
of CFH, C3b, and glycosaminoglycan/sialic acid suppresses
complement activation more effectively than the CFH-C3b
complex formed on surfaces lacking glycosaminoglycan and
sialic acids [41]. Furthermore, this may play a larger role in
determining which patients with IPD will ultimately develop
HUS and may lead to overlap in diagnosis and treatment strat-
egies with atypical forms of HUS (aHUS) caused by defects in
the regulation of the alternative complement pathway. One
case series where genetic testing was performed on five pa-
tients with P-HUS identified mutations in three patients in
genes previously associated with aHUS: one published CFI
variant and two novel mutations in the CFH and THBD genes
[1]. Additionally, several studies have found that the concen-
trations of C3 and C4 and the activity of the classical and
alternative pathways were decreased in patients with P-HUS,
indicating severe activation and complement consumption [1,
42, 43]. Therefore, it is possible that individuals with genetic
variations in complement pathway regulation who experience
IPD and the subsequent loss of terminal sialic acid residues
from host glycans are most likely to develop P-HUS, but there
is limited data to support these claims at this time.

Meinel et al., in contrast, proposed a mechanism for dis-
ruption of the endothelial cell layer and creation of a local
thrombogenic state that may result in P-HUS which is entirely
independent of neuraminidase activity and host genes [44].
HUS-inducing pneumococci isolated from two patients during
the acute phase of illness were shown to bind human plasmin-
ogen efficiently via a rare variant of a bacterial surface protein
PspC. The plasminogen attached to these PspC variants was
converted to plasmin at the bacterial surface and the active
protease degraded fibrinogen and cleaved C3b disrupting lo-
cal complement homeostasis and thereby causing damage to
endothelial cells [44].

Management

Treatment strategies still consist of supportive care measures:
appropriate antimicrobial therapy, fluid and blood product re-
suscitation, and renal replacement therapy. Current research
suggests that it is unlikely that anti-T IgM binding is a critical

step in the molecular pathology of P-HUS. Its binding, when
detected, is likely associated with P-HUS as a marker of neur-
aminidase activity and desialylation of membrane glycopro-
teins rather than causative of downstream disease pathology.
Thus, washing of packed RBCs and avoidance of fresh frozen
plasma are likely not necessary to prevent worsening of the
thrombotic microangiopathy. Alternatively, the focus on ap-
propriate therapies is likely to shift towards the potential roles
of either inhibition of neuraminidase activity or complement
blockade.

Most humans develop neuraminidase-neutralizing antibod-
ies during the first 2 years of life [42, 45–47]. Decreased
antibody development may be part of the reason that younger
patients are more likely to develop P-HUS in the setting of
IPD. It has been suggested that intravenous immune globulin
(IVIG) could be used to inactivate circulating pneumococcal
neuraminidase [42]. Data from one patient treated with high-
dose IVIG demonstrated that hemolysis and thrombocytope-
nia steadily improved after each dose of IVIG [42].
Plasmapheresis could theoretically remove neuraminidase,
but there is insufficient evidence to support its use in P-HUS.

Given the increasing interest in a role of unregulated com-
plement activity in the development of P-HUS and the avail-
ability of a terminal complement inhibitor eculizumab, the
question of its use in this disease process is inevitable. There
are two reported cases of patients with definite P-HUS who
were treated with eculizumab [43, 48]. A 21-month-old fe-
male had a low C3 during the acute phase of illness that nor-
malized just prior to eculizumab administration. After her first
dose of the medication between days 7 and 10 of illness, there
were an immediate increase in platelets, a reported improve-
ment in irritability and slow improvement in renal function.
There were no detectable abnormalities in the regulation of the
alternative complement pathway. Eculizumab was stopped af-
ter four doses. A 53-year-old man with PCR-confirmed pneu-
mococcal infection, microangiopathic hemolytic anemia, and
acute kidney injury who was unresponsive to plasma ex-
change was treated with eculizumab. Three days after the first
injection, his platelet count began to improve. He began to
make urine again on day 10, and dialysis was stopped on
day 14. Genetic screening showed no variants of any comple-
ment genes. Eculizumab therapywasmaintained for 6months,
and he had sustained normalization of all biological parame-
ters [48]. The benefit of short-term complement inhibition and
suppression of C5a formation is unclear at this time, and as
with plasmapheresis, there is insufficient evidence to recom-
mend this treatment empirically. However, a conservative ap-
proach may be to use eculizumab in severe cases of P-HUS
who have reduced C3 concentrations. Furthermore, genetic
screening for complement variants in patients with a diagnosis
of P-HUS may help to shed light on the potential role of
dysregulation in this pathway in the development of P-HUS
and have implications in management decisions.
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Conclusion

Despite improved vaccine coverage and a reduction in the
prevalence of IPD, pneumococcal infection remains a major
cause of HUS in children. The understanding of the molecular
pathology of this disease process is improving, but advances
in clinical diagnosis and management remain limited. It is
clear that pneumococcal neuraminidase activity plays a central
role in the pathogenesis of P-HUS and T-activation is a sensi-
tive marker of its activity. The specificity of T-antigen testing
for P-HUS can be improved by using a combination of peanut
and Glycine soja lectin assays or by quantifying T-antigen
expression. However, these results have not been replicated
and the clinical availability of these assays is limited. Several
studies support a role for excessive complement activation in
the acute phase of illness, whether via decreased Factor H
binding to desialylated membranes or PspC binding plasmin-
ogen with activation to plasmin causing endothelial injury.
Pathogenic variants of genes involved in the regulation of
the alternative complement pathway may predispose affected
individuals to P-HUS via excessive complement activation in
the setting of IPD; however, there is limited data available on
the number of patients who have developed P-HUSwith these
types of mutations. Detailed clinical and experimental inves-
tigations are warranted to better understand the role of unreg-
ulated complement activation in P-HUS and whether its tran-
sient blockade with eculizumab during the acute phase of
illness would improve outcomes.
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