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Thrombotic microangiopathy (TMA) is a disease that causes organ damage due to microvascular hemolytic
anemia, thrombocytopenia, and microvascular platelet thrombosis. Streptococcus pneumoniae-associated
TMA (spTMA) is a rare complication of invasive pneumococcal infection. In addition, atypical hemolytic
uremic syndrome (aHUS) is TMA associated with congenital or acquired dysregulation of complement
activation. We report the case of a nine-month-old boy with refractory nephrotic syndrome complicated by
spTMA in the setting of heterozygous complement factor-I (CFI) gene mutation and CFHR3-CFHR1
deletion. He repeatedly developed thrombocytopenia, anemia with schistocytes, hypocomplementemia,
and abnormal coagulation triggered by infection, which manifested clinically with convulsions and an
intraperitoneal hematoma. Eculizumab (a monoclonal humanized anti-C5 antibody) provided transient
symptomatic benefit including improvement in thrombocytopenia; however, he developed unexplained
cardiac arrest and was declared brain dead a few days later. In this report, we highlight the diagnostic
challenges of this case and the causal relationship between spTMA and complement abnormalities and
consider the contribution of heterozygous mutation of CFI and CFHR3-CFHR1 deletion.
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nephrotic syndrome; pneumococcal infection
Tohoku J. Exp. Med., 2022 November, 258 (3), 183-193.
doi: 10.1620/tjem.2022.J076
(Jokiranta 2017). Secondary TMA is defined as TMA arising from other infectious diseases, drugs, pregnancy, transplantation, metabolic disorders, autoimmune diseases, and
other causes (Kato et al. 2016). Streptococcus pneumoniaeassociated TMA (spTMA) is a representative of secondary
TMA due to infectious disease. The clinical course is
severe and no specific treatment for spTMA has been established (Scobell et al. 2020).
Atypical HUS (aHUS) is considered as a complementmediated TMA associated with congenital or acquired dysregulation of complement activation. Congenital genetic
abnormalities associated with aHUS include the pathogenic
variants of genes encoding complement factor H (CFH),
factor I (CFI), factor B, membrane cofactor protein, C3,

Introduction
Thrombotic microangiopathy (TMA) is a disease that
causes organ damage due to microvascular hemolytic anemia, thrombocytopenia, and microvascular platelet thrombosis. TMA predominantly affects the renal microvasculature but may also present with extrarenal manifestations
involving the central nervous system, respiratory system,
cardiovascular system, and gastrointestinal tract (Hofer et
al. 2014).
The frequent causes of TMAs are hemolytic uremic
syndrome (HUS) associated with Shiga-toxin-producing
Escherichia coli infection and thrombotic thrombocytopenic purpura (TTP) mediated by ADAMTS13 deficiency
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thrombomodulin, and diacylglycerol kinase epsilon
(DGKE). Acquired aHUS with anti-CFH antibody has also
been identified (Kato et al. 2016; Jokiranta 2017).
Eculizumab, a monoclonal humanized anti-C5 antibody, is
known to be effective in the treatment of aHUS (Legendre
et al. 2013). Although aHUS is diagnosed when secondary
TMA is ruled out, complement-related genetic abnormalities may also be present in secondary TMA, including
spTMA (Szilágyi et al. 2013; Brocklebank et al. 2018;
Yoshida et al. 2019). In addition, infection and other diseases may also precede the onset of aHUS (Jokiranta 2017),
and it is sometimes difficult to distinguish between aHUS
and secondary TMA clinically.
Nephrotic syndrome (NS) is one of the most common
childhood kidney diseases and is rare in the first year of
life. Most infantile NS patients have genetic abnormalities,
and most of them have a poor response to steroid treatment
and develop end-stage renal failure (Hinkes et al. 2007). In
NS patients, there is a risk of infectious diseases, especially
peritonitis and sepsis due to Streptococcus pneumoniae
(Malaker et al. 2019).
Here, we report an infant with spTMA and refractory
NS with various complications associated with complement
dysregulation.

Case Presentation
The patient was a previously healthy nine-month-old
Japanese boy who developed edema shortly after being
diagnosed with respiratory syncytial virus (RSV) infection
by his family doctor approximately 10 days before admission to our hospital. The patient had a temperature of 39°C
the day before admission. He presented with marked
edema, peripheral cyanosis, facial pallor, and tachypnea
(respiratory rate of 36/min) and was admitted to our hospital. He had no external malformations including microcephaly and facial or limb malformations. Investigations
revealed heavy proteinuria (urinary protein 7,552 mg/dL,
6.62 g/day), hypoproteinemia (albumin 0.2 g/dL), leukocytosis (41,600/µL), and an elevated C-reactive protein (CRP)
level (13.03 mg/dL). Cerebrospinal fluid (CSF) examination showed no pleocytosis and CSF culture was negative;
however, blood culture detected Streptococcus pneumoniae,
and the patient was diagnosed with NS with sepsis.
Treatment with prednisolone, albumin, furosemide, and
cefotaxime was initiated. Subsequently, he became afebrile, and his white blood cell count and CRP levels
improved; however, the severe edema persisted. On the 7th
day of hospitalization, he had a generalized tonic-clonic
convulsion, and brain magnetic resonance imaging (MRI)
showed bilateral symmetric areas of increased intensity in
the basal ganglia on T2 and diffusion-weighted imaging
(Fig. 1A). Blood pressure was in the normal range (84/55
mmHg), and MRI findings were not typical of posterior
reversible encephalopathy syndrome. Magnetic resonance
spectroscopy showed no lactate elevation in the basal ganglia, and the blood lactate level was normal. Based on

these results, we concluded that mitochondrial disease was
unlikely to have caused the nephropathy and basal ganglia
lesions. Further, there were no other risk factors of basal
ganglia lesions including hypoxia, hypoglycemia, or vitamin deficiency. Around this time, the lactate dehydrogenase (LDH) and creatinine (Cr) levels increased (peak levels: LDH 535 IU/L, Cr 0.55 mg/dL on day 7), and the
platelet counts began to decrease on day 8. Blood tests
were repeated on the 10th day to monitor the patient’s clinical course, and these revealed thrombocytopenia (platelets
30,000/μL), anemia (hemoglobin 8.4 g/dL) with schistocytes, decreased haptoglobin (4.0 mg/dL), hypocomplementemia (C3 19 mg/dL, reference range 86-160 mg/dL;
C4 7 mg/dL, reference range 17-45 mg/dL; CH50 < 14.0/
mL, reference range 28.0-38.0), abnormal coagulation with
prothrombin time (PT)-ratio 1.60, antithrombin (AT) III
17%, fibrinogen < 35 mg/dL, fibrinogen/fibrin degradation
products (FDP) 44.1 μg/mL, and elevated D-dimer (42.8
μg/mL), suggesting the development of secondary TMA
due to Streptococcus pneumoniae; however, the direct
Coombs test was negative. The data also suggested the
development of disseminated intravascular coagulation
(DIC), although the plasmin-alpha2-plasmin inhibitor-complex and thrombin-antithrombin complex were within the
normal range (< 0.5 μg/mL, reference range < 0.8 μg/mL;
and 1.8 ng/mL, reference range < 3.0 ng/mL, respectively).
As these abnormal laboratory findings persisted and progressed, fresh frozen plasma, platelet, and antithrombin
transfusions were repeatedly administered; however, the
effects were limited. Since the NS was also resistant to steroid treatment, methylprednisolone pulse therapy and
cyclosporine were initiated on the 17th day of admission;
however, his heavy proteinuria and edema persisted.
Around the 30th day of admission, the patient developed upper abdominal distension, which was not consistent
with ascites, and computed tomography (CT) examination
revealed a huge hematoma in the omental bursa (Fig. 2).
There was no evidence of thrombosis. Angiography
revealed bleeding in the gastroepiploic artery, and on day
32, an emergency hematoma resection and kidney biopsy
were performed simultaneously. Laboratory findings at this
time were consistent with TMA and showed thrombocytopenia and hemolytic anemia with schistocytes, renal impairment, abnormal coagulation and fibrinolysis, and a decrease
in complement. ADAMTS13 levels were within the normal
range (126%). Kidney biopsy revealed immature glomeruli
with focal sclerotic lesions and an edematous tubulointerstitial area with diffuse expanded tubules (Fig. 3A-D). There
were no findings suggestive of membranous proliferative
glomerulonephritis (MPGN), including glomerular cell proliferation and double contours of the basement membrane.
Immunofluorescence staining showed diffuse deposition of
C3 and fibrinogen in the interstitial area (Fig. 3E, F); however, no immunoglobulin was present in both glomerular
and interstitial compartments. Although there were no
obvious findings suggestive of TMA in the renal tissue such
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Fig. 1. Magnetic resonance imaging (MRI) and computed tomography (CT) of the brain.
A: On day 7, diffusion-weighted MRI of the brain showed increased signal intensity in the basal ganglia bilaterally
(white arrow) and brain atrophy. B: On day 49, a head CT scan showed multiple cerebral parenchymal microhemorrhages in the parietal lobe (white arrow).

as vascular injury or thrombus, primary focal segmental
glomerular sclerosis with complement-related disease was
suspected. Due to persistent coagulation abnormalities,
severe proteinuria, and renal dysfunction, we decided to
commence eculizumab treatment on day 35. After initiation
of eculizumab treatment, his renal function, platelet count,
and complement levels improved (Cr 0.92 mg/dL, platelets
82,000/µL, and C3 52 mg/dL on day 34; and Cr 0.34 mg/
dL, platelets 278,000/µL, and C3 83 mg/dL on day 42).

However, on day 49, he developed fever, tonic-clonic convulsion, and unexplained cardiac arrest and was resuscitated. A CT performed immediately after resuscitation
revealed multiple intracerebral microhemorrhages, which
could have caused the cardiac arrest (Fig. 1B). The CT
findings did not show pulmonary thrombosis. At that time,
although blood test showed leukocytosis probably due to
convulsion, there was no evidence of bacterial infection
such as elevated CRP or positive blood culture. He was
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Fig. 2. Abdominal contrast-enhanced CT scan.
A huge hematoma is observed in the omental bursa (arrowhead). The high- and low-density areas were mixed, and part
of the high-density area appeared after contrast, suggesting extravasations.

declared brain dead a few days later.
Complement analysis related to aHUS performed in
this patient showed negative anti-factor H antibody titer (<
3.9 AU/mL, serum on the second day of admission), and
genetic analysis by the target exome sequencing (Table 1)
revealed a heterozygous missense mutation of c.603A>C (p.
R201S) in CFI exon 4. Sanger sequencing of CFI exon 4
revealed that the patient’s father, but not his mother, had the
same variant (Fig. 4). In addition, analysis by the eXome
Hidden Markov Model and the multiplex ligation-dependent probe amplification (MLPA) method revealed a
CFHR3-CFHR1 heterozygous deletion in the patient and
his father (Fig. 5). His father had no remarkable past medical history. By contrast, no genetic abnormalities associ-

ated with congenital NS including those accompanied with
a neurological disorder were identified by target exome
sequencing (Table 1).
Informed consent was obtained from the parents of the
patient for this case report. For the genetic analysis, ethics
approval was obtained from the Ethics Committee of Fujita
Health University for the study (number HG12-004), and
written informed consent was obtained from the parents of
the patient.

Discussion
This report describes an unusual case of infantile NS
with spTMA, resulting in convulsion, intra-abdominal
hematoma, and intracerebral microhemorrhage.
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Fig. 3. Renal biopsy findings.
Light microscopy (periodic acid-Schiff staining) showed an edematous tubulointerstitial area with diffuse expanded tubules and immature glomeruli with sclerotic lesions (A-D). Immunofluorescence microscopy showed diffuse deposition
of C3 (E) and fibrinogen (F) in the interstitial area. Original magnifications: A, B, E, F × 100; C, D × 200.

Complement dysregulation was suspected from repeated
TMA findings, and genetic testing revealed heterozygous
CFI mutations and CFHR3-CFHR1 deficiency (Fig. 6).
First, we consider the relationship between spTMA
and complement gene mutations. Several studies have
reported that spTMA cases are associated with abnormal
complement activation with decreased complement C3 and
C4 levels, as seen in our case (Szilágyi et al. 2013; Bitzan
et al. 2018). The pathophysiology of spTMA has not been
fully elucidated. It is supposed that neuraminidase produced by Streptococcus pneumoniae exposes the normally

masked Thomsen-Friedenreich (T) antigen present on the
cell surface, and IgM antibodies against the T antigen produced in plasma cause hemolysis and vascular endothelial
damage (Copelovitch and Kaplan 2008). Since CFH, an
inhibitor of the alternative complement pathway, binds to
sialic acid on the host cell surface, desialylation by neuraminidase impairs the binding of CFH to the cell surface,
which may lead to abnormal complement activation (Ault
2000). Regarding complement gene abnormalities, Szilágyi
et al. (2013) reported that three of five spTMA cases had
gene mutations: previously published CFI mutation and two
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Table 1. Atypical hemolytic uremic syndrome (aHUS) and nephrotic syndrome associated genes analyzed
by target exome sequencing.
Gene symbol

Description

aHUS
C3
CFB
CFH
CFI
PLG
THBD
CD46/MCP
DGKE

Complement C3
Complement Factor B
Complement Factor H
Complement Factor I
Plasminogen
Thrombomodulin
CD46 Molecule
Diacylglycerol Kinase Epsilon

Nephrotic syndrome
ACTN4
ANKFY1
ANLN
ARHGAP24
ARHGDIA
AVIL
COL4A3
COL4A4
COL4A5
COQ2
COQ6
COQ8B/ADCK4
CRB2
CUBN
EMP2
EYA1
FAT1
FN1
GAPVD1
GON7
INF2
ITGA3
ITGB4
KANK1
KANK2
KANK4
LAGE3
LAMA5
LAMB2
LMNA
LMX1B
MAGI2
MT-TL1
MYH9
MYO1E
NPHS1
NPHS2
NUP107

Actinin Alpha 4
Ankyrin Repeat And FYVE Domain Containing 1
Anillin Actin Binding Protein
Rho GTPase Activating Protein 24
Rho GDP Dissociation Inhibitor Alpha
Advillin
Collagen Type IV Alpha 3 Chain
Collagen Type IV Alpha 4 Chain
Collagen Type IV Alpha 5 Chain
Coenzyme Q2, Polyprenyltransferase
Coenzyme Q6, Monooxygenase
Coenzyme Q8B
Crumbs Cell Polarity Complex Component 2
Cubilin
Epithelial Membrane Protein 2
EYA Transcriptional Coactivator And Phosphatase 1
FAT Atypical Cadherin 1
Fibronectin 1
GTPase Activating Protein And VPS9 Domains 1
GON7 Subunit Of KEOPS Complex
Inverted Formin, FH2 And WH2 Domain Containing
Integrin Subunit Alpha 3
Integrin Subunit Beta 4
KN Motif And Ankyrin Repeat Domains 1
KN Motif And Ankyrin Repeat Domains 2
KN Motif And Ankyrin Repeat Domains 4
L Antigen Family Member 3
Laminin Subunit Alpha 5
Laminin Subunit Beta 2
Lamin A/C
LIM Homeobox Transcription Factor 1 Beta
Membrane Associated Guanylate Kinase, WW And PDZ Domain Containing 2
Mitochondrially Encoded TRNA-Leu (UUA/G) 1
Myosin Heavy Chain 9
Myosin IE
NPHS1 Adhesion Molecule, Nephrin
NPHS2 Stomatin Family Member, Podocin
Nucleoporin 107
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NUP133

Nucleoporin 133

NUP205

Nucleoporin 205

NUP93

Nucleoporin 93

OSGEP

O-Sialoglycoprotein Endopeptidase

PAX2
PDSS2
PLCE1
PTPRO
SCARB2
SGPL1
SMARCAL1

Paired Box 2
Decaprenyl Diphosphate Synthase Subunit 2
Phospholipase C Epsilon 1
Protein Tyrosine Phosphatase Receptor Type O
Scavenger Receptor Class B Member 2
Sphingosine-1-Phosphate Lyase 1
SWI/SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin,
Subfamily A Like 1
TP53 Regulating Kinase
TP53RK Binding Protein
Transient Receptor Potential Cation Channel Subfamily C Member 6
Tetratricopeptide Repeat Domain 21B
WD Repeat Domain 4
WD Repeat Domain 73
WT1 Transcription Factor
Exportin 5

TP53RK
TPRKB
TRPC6
TTC21B
WDR4
WDR73
WT1
XPO5
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Fig. 4. Heterozygous mutation in the CFI gene.
Sanger sequencing confirmed a c.603A>C (p.Arg201Ser) mutation in exon 4 (chr4: 110,682,728) in the patient and his
father.

novel mutations in the CFH and TBHD.
The pathogenicity of the CFI mutations and CFHR
deletion identified in this patient should be considered in

more detail. CFI is an inhibitor of complement activity that
degrades activated complement proteins C3b and C4b in
the presence of cofactors such as CFH (Nilsson et al. 2011).
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Fig. 5. Heterozygous deletions in CFHR3 and CFHR1 genes.
The multiplex ligation-dependent probe amplification (MLPA) method confirmed heterozygous deletions of CFHR3 and
CFHR1 genes in the patient and his father.

CFI mutations are associated with aHUS and account for
4%-10% of aHUS cases in Europe and the United States
(Noris and Remuzzi 2009), and most of the cases developed
disease with heterozygous mutation of CFI (Bienaime et al.
2010; Nilsson et al. 2011). In contrast, there are currently
no reported cases of CFI mutations with aHUS in Japan
(Yoshida et al. 2019). It should also be noted that the mutation identified in our patient, CFI c.603A>C (p.R201S), is
found in 3% of all Japanese individuals including healthy
individuals (Yuasa et al. 2008).
Complement factor H-related (CFHR) gene alterations
are also associated with aHUS, including the homozygous
CFHR3-CFHR1 deletion associated with anti-CFH antibody-positive aHUS (Józsi et al. 2008; Skerka et al. 2013);
however, our case was a heterozygote of the deletion and
was negative for anti-CFH antibody. CFHR3-CFHR1 gene
deletion is also found in healthy individuals, including in
our patient’s father who was asymptomatic. The allele frequency in Japanese individuals has been reported to be

0%-6.7% (Sivakumaran et al. 2011; Holmes et al. 2013),
and it is considered to be a benign variant of a heterozygous
deletion. However, Jodele et al. (2013) reported that heterozygous CFHR3-CFHR1 deletion was identified in five
of six patients with hematopoietic stem cell transplantationassociated TMA. In addition, Bello-Marquez et al. (2021)
reported a case of aHUS complicated with NS, in which
heterozygous CFI mutation and CFHR deletion were identified. This report supports the possibility that heterozygous
CFI mutation and CFHR3-CFHR1 deletion seen in our case
may have been jointly involved in the development of
TMA.
Since heavy proteinuria was observed in this case, the
relationship between renal disease and TMA needs to be
discussed. Renal biopsy showed FSGS and no findings of
MPGN or findings such as endothelial swelling, arteriole
and capillary thickening, or thrombosis often seen in
patients with TMA (Noris and Remuzzi 2009; Manenti et
al. 2013). However, if this case showed only NS, thrombo-
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Fig. 6. Schema of the pathophysiology of this case.
NS, nephrotic syndrome; FSGS, focal segmental glomerulosclerosis.

cytopenia without DIC, schistocytes, convulsions and basal
ganglia lesion without hypertension, and hypocomplementemia could not be explained, and these findings were clinically considered as TMA. In addition, we consider that the
intra-abdominal hematoma and cardiac arrest are associated
with TMA rather than NS-induced hypercoagulation since
the contrast-enhanced CT at these times did not show any
thrombosis. Cases of secondary TMA due to NS have
rarely been reported (Manenti et al. 2013; Miyamoto et al.
2013; Nishi et al. 2020). Most of these NS-related TMA
cases were refractory NS, especially FSGS, as in our case.
However, cases of refractory NS appear to be rarely associated with TMA even under similar conditions, suggesting
that host genetic factors may be the major factor in the
development of TMA. In addition, NS is known as a risk
factor of invasive pneumococcal disease, but there is only
one case report of an NS patient with spTMA (Groves et al.
2016). In our case as well, NS is unlikely to be the direct
cause of TMA.
Further, the adequacy of using eculizumab in this case
warrants discussion. The use of eculizumab for aHUS has

been established (Legendre et al. 2013), and it is recommended to exclude secondary TMA before using eculizumab (Kato et al. 2016). However, it has been reported to
be effective in some patients with secondary TMA, including spTMA (Gilbert et al. 2013; Jeantet et al. 2019). If
aHUS, a disease with a poor prognosis, is suspected, it is
recommended to use eculizumab immediately (Loirat et al.
2016). In our case, renal function, thrombocytopenia, and
complement C3 level improved after the initiation of eculizumab, suggesting dysregulation of complement activation.
It is likely that our patient suffered from cardiac arrest due
to cerebral hemorrhage or thrombosis in the presence of
abnormal complement activation, and he may have survived
if treatment had been started before the onset of coagulopathy.
This case report has some limitations that should be
noted regarding the central nervous system symptoms.
MRI findings associated with TMA are bilateral basal ganglia, brain stem, and deep white matter lesions on diffusionweighted imaging (Hofer et al. 2014), and the basal ganglia
lesions in our case are consistent with TMA lesions.
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However, as the patient’s convulsion preceded the appearance of thrombocytopenia and schistocytes, it was not possible to ascertain whether the initial convulsion and basal
ganglia lesions were due to TMA. In addition, some congenital cases of NS such as Galloway-Mowat syndrome are
complicated by neurological symptoms (Galloway and
Mowat 1968; Vodopiutz et al. 2015; Braun et al. 2018).
Although we did not identify any known NS-related gene
mutations in this patient, we cannot rule out the possibility
that the patient’s neurological symptoms were due to congenital NS.
In conclusion, the heterozygous CFI mutation and
CFHR3-CFHR1 deletion in this patient may predispose to
TMA under the strong trigger of pneumococcal infection.
Further studies are needed to elucidate the pathophysiology
of spTMA and the pathogenicity of these gene variants.
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