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Atypical hemolytic-uremic syndrome in a patient with
adenosine deaminase deficiency
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ABSTRACT
Inherited defects in the ubiquitous adenosine deaminase (ADA) enzyme disrupt the function of the immune sys-
tem as well as many other organs and tissues. Some patients may also suffer from kidney damage. Here we
report on an ADA-deficient patient who was treated with ADA replacement therapy from infancy and at 6 years
of age developed acute kidney failure, thrombocytopenia, and severe anemia. A kidney biopsy demonstrated
mesangiolysis and occlusion of kidney loops by erythrocytes and platelet aggregates, which is consistent with
hemolytic-uremic syndrome (HUS). There was no evidence of exposure to Shiga toxins, nor were any comple-
ment abnormalities detected. The kidney function improved following hemodialysis. Our report demonstrates
the increased susceptibility of ADA-deficient patients to develop HUS and expands the nonimmune abnormalities
associated with ADA deficiency. This further emphasizes the vigilance required when caring for such patients.

Statement of novelty: Here we provide the first detailed clinical and histological characterization of hemolytic-
uremic syndrome developing in an ADA-deficient patient.

Introduction

Adenosine deaminase (ADA) is a ubiquitous enzyme
that catalyzes the deamination of adenosine and deox-
yadenosine to inosine and 2′-deoxyinosine, respectively.
Inherited defects that disrupt ADA enzyme activity lead
to marked lymphopenia, resulting in severe immune
deficiency with increased susceptibility to bacterial,
viral, and opportunistic infections, typically in infancy
(Grunebaum et al. 2013). ADA-deficient patients may
also develop various autoimmune features, including
autoimmune cytopenia, possibly due to abnormalities
in regulatory T cells (Sauer et al. 2012). Treatment
options for ADA deficiency include hematopoietic
stem cell transplantation (HSCT), preferably from a

human leukocyte antigen (HLA)-identical sibling
donor. In the absence of an appropriate donor for
HSCT, experimental gene therapy or repeated injections
of polyethylene glycol conjugated-ADA (PEG-ADA)
can be used (Gaspar et al. 2009). Long-term survival
with ADA enzyme replacement is possible, although
many patients remain susceptible to infections, autoim-
munity, and malignancy (Husain et al. 2007). ADA is
ubiquitously expressed; therefore, it is not surprising
that impaired ADA activity also disrupts many other
cells, tissues, and organs including hepatocytes, chon-
drocytes, osteoblasts, alveolar macrophages, etc. (Bollinger
et al. 1996; Grunebaum et al. 2012). ADA deficiency can
also affect patients’ bone marrow (Sokolic et al. 2011)
and kidneys (Ratech et al. 1985).
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Hemolytic-uremic syndrome (HUS) is the most com-
mon cause of acute kidney failure in children, affecting
0.2–4.2 children per 100 000 children worldwide. HUS
is characterized by progressive kidney failure, nonim-
mune (Coombs-negative) microangiopathic hemolytic
anemia, and thrombocytopenia. HUS is most often
associated with a Shiga-like toxin produced by entero-
hemorrhagic E. coli O157:H7. Rarer cases have also
been known to be triggered by neuraminidase-producing
Streptoccus pneumoniae (Brandt et al. 2002), although
HUS unrelated to toxins, often categorized as atypical
HUS, is being recognized at an increasing frequency
(Keir and Coward 2011). Kidney biopsies from patients
suffering from HUS often show vascular wall thickening
as well as swelling and detachment of the endothelial
cells from the basement membrane. Additionally,
there is an accumulation of material in the subendothe-
lial space, intraluminal platelet thrombosis, partial or
complete vessel luminal obstruction, and fragmentation
of red blood cells (Keir and Coward 2011). Here we
describe an ADA-deficient patient who developed
atypical HUS.

Case report

The Institutional Research Ethics Board at The
Hospital for Sick Children, Toronto, approved the study
and a written informed consent for the research was
obtained. The female patient, born to Inuit nonconsan-
guineous parents, was identified in infancy as suffering
from ADA deficiency based on absent ADA activity in
the erythrocytes and the identification of compound
heterozygous mutations in the ADA gene (c.424C> T
and c.955_959delGAAGA). An HLA-matched donor
for HSCT could not be found; therefore, the patient
was treated with PEG-ADA (ADAGEN®) resulting in a
very limited immune reconstitution (Table 1). The
patient also received prophylactic sulfamethoxazole/
thrimethoprim and monthly intravenous immunoglo-
bulin (IVIG) infusions without significant infections
or autoimmunity. Sensorineural hearing loss was
noted in infancy and stage I hypertension, that didn’t
require treatment, was observed in early childhood.
Kidney function and ultrasound were reported to be
normal.

At 6 years of age the patient was admitted following a
2-week history of vomiting, fatigue, and increased bruis-
ing with normal urine output and no diarrhea. The
patient had received IVIG 3 weeks earlier, was reported
to have recovered from a mild upper respiratory tract
infection, and had normal complete blood count, kidney

functions, and urine. Upon admission, the patient was
afebrile and normotensive. Initial laboratory investiga-
tions revealed markedly elevated creatinine 500 µmol/L
(normal 9–55 µmol/L), urea 50 mmol/L (normal
3.0–7.0 mmol/L), and phosphate 3.08 mmol/L (normal
1.30–1.75 mmol/L) as well as low hemoglobin 49 g/L
(normal 105–135 g/L) and ionized calcium 0.69 mmol/L
(normal 1.10–1.30 mmol/L) with normal coagulation.
Blood gas revealed the patient’s pH was 7.49 with a
base excess of 12.9 mmol/L. Urinalysis showed 2+
blood and protein. All microbiology studies were nega-
tive. There was an E. coli O157:H7 outbreak occurring
in the patient’s community 2 months prior to her pre-
sentation. However there was no known direct contact
of the patient with affected individuals nor was Shiga-
toxin producing E. coli isolated from the patient’s
stools at the time of her acute presentation. All viral
cultures (nasopharyngeal and stool) as well as blood
cultures remained negative. There was also no history
of ingestion of ethylene glycol, methanol, drugs, or
other toxins. The patient was treated briefly with cef-
triaxone and piperacillin-tazobactam. After 3 days in
hospital, she developed nonbloody diarrhea and throm-
bocytopenia (nadir of 84 × 109/L), which resolved after
2 days. A kidney biopsy revealed mesangiolysis and
replication of the basement membrane with insudation
of plasma into the mesangium and into the glomerular
capillary wall (Figure 1A). There was also thickening of
the loops with narrowing and occlusion of the loops by
the replicated basement membrane, matrix, and cells
(Figure 1B). Some loops were occluded by erythrocytes
and platelet aggregates (Figure 1C). Electron micro-
scopy confirmed the glomerular mesangiolysis and
the accumulation of a pale matrix within the glomeru-
lar basement membrane (GBM) with elevation of
the endothelial cells and replication of the GBM
(Figure 1D). These features were consistent with a
thrombotic microangiopathy. There was no evidence

Table 1: Patient’s laboratory findings.

At diagnosis Maximal Latest

White blood cells ×109/L 1.9 6.0 9.3

Neutrophils ×109/L 1.2 3.4 8.1

Lymphocytes ×109/L 0.1 2.2 0.2

CD3+CD4+ ×109/L 0.02 0.2 0.02

CD3+CD8+ ×109/L 0.00 0.11 0.01

CD19+ ×109/L 0.01 1.2 0.07

CD16+/56+ ×109/L 0.06 0.6 0.06

ADA activity in plasma
(nmol·min−1·mL−1)

Undetectable 589 528
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of tubulo-interstitial nephritis. The patient was treated
by hemodialysis, with improved kidney function and
normalization of the serum creatinine and urea. PEG-
ADA and IVIG administration were not interrupted.
C3 and C4 levels were within the normal range.
ADAMTS13 (von Willebrand factor-cleaving protease)
testing was negative. Mutations in genes coding for
proteins involved in regulation or activation of the
alternative complement activation pathway including
factor H, I, membrane cofactor protein, and factor B
or C3 were not identified. Antibodies to complement
components or Factor H were not detected. Thus, the
ADA-deficient patient described here has unequivocal
clinical, laboratory, and histological characteristics of
HUS with significant kidney disease.

Discussion

Abnormal kidney function and histology, including
accumulation of mesangial fibrillar matrix (mesangial

sclerosis), obliterated glomeruli, and thickened capillary
subendothelial layer were previously described in 6
ADA-deficient patients (Ratech et al. 1985). However,
clinical details of the patients and whether they exhib-
ited features of HUS were not provided (Ratech et al.
1985). Recently, 4 additional ADA-deficient patients
with moderate to severe acute kidney failure, hemolytic
anemia, and thrombocytopenia requiring dialysis or
plasmapheresis were reported (Table 2). These patients
were identified as suffering from atypical HUS, although
detailed kidney histology was not provided (Nikolajeva
et al. 2015). Hence, our patient is the first where the
diagnosis of HUS is further supported by histological
findings. Interestingly, the patient described here had
early hypertension, albeit mild, several years before the
development of HUS. Also, reminiscent of the findings
in our patient, kidneys from ADA-deficient mice also
display substantial red blood cell increase in the glomer-
uli and convoluted tubules (Blackburn et al. 1998) as
well as decreased capillary lumen and mesangial hyper-
cellularity (Dai et al. 2011) that could be prevented by

A

C

B D

Figure 1: Kidney biopsy from an adenosine deaminase deficient patient who developed
atypical hemolytic uremic syndrome. Glomerulus with mesangiolysis and tram-
tracking. Periodic Schiff–methenamine staining, ×60 (A). Semi-thin section with
glomerulus with mesangiolysis and accumulation of pale matrix within the glomerular
basement membrane (GBM) with elevation of the endothelial cells and replication of the
GBM. Toluidine blue staining, ×60 (B). Glomerulus with capillary loops stuffed with
erythrocytes, plasma, and platelets. Narrowing of some capillary lumens. Hematoxylin–
phloxine–safranin staining, ×60 (C). Electron micrograph with glomerular mesangiolysis
and accumulation of pale matrix within the GBM with elevation of the endothelial cells
and GBM replication, ×12 000 (D).
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correction of the metabolic abnormalities. Cumula-
tively, the data presented here suggest contribution of
the ADA defect to the development of kidney damage
and HUS.

The pathogenesis of HUS in ADA-deficient patients
is intriguing. It is unlikely that significant infections
or autoimmunity were the culprit, as these conditions
often do not resolve spontaneously in immune-
compromised hosts. It is also unlikely that PEG-ADA
caused kidney failure, even though it is a foreign
protein, as only 1 of the 4 ADA-deficient patients pre-
viously reported with HUS had received PEG-ADA
prior to the kidney damage (Table 2). Moreover, kidney
function improved in our patient while she continued
to receive PEG-ADA. Similarly, the ethnic diversity of
the ADA-deficient patients suggests that the HUS
was not caused by defects in other genes such as the
complement gene family. Alternatively, it is possible
that an intercurrent infection or post-infectious process
reported in our patient and others exacerbated pre-
existing kidney injury. We did not identify Shiga toxin
E. coli O157 or evidence of pneumococcal infection in
our patient. Regardless of the pathogenesis and some-
what reassuring, prompt intervention with dialysis
reversed the kidney failure leading to improved kidney
function.

In conclusion, our report demonstrates increased sus-
ceptibility of ADA-deficient patients for the develop-
ment of HUS, expands the nonimmune abnormalities
associated with ADA deficiency, and further emphasizes
the vigilance required when caring for these patients.
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