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INTRODUCTION: Streptococcus pneumoniae is an uncommon

cause of hemolytic uremic syndrome (HUS) with a unique patho-

physiology that differs from Shiga toxin-related HUS.

METHODS: Case descriptions for each patient are provided. Each

strain of S pneumoniae was subjected to a pulsed-field gel elec-

trophoresis (PFGE) analysis, Shiga toxin assay and polymerase chain

reaction to detect Shiga toxin genes. A review of the current litera-

ture was conducted.

CASE PRESENTATIONS: Two patients with S pneumoniae-related

HUS that presented to the Alberta Children’s Hospital, Calgary,

Alberta, within four weeks of each other in 2001 are described. Both

presented with pneumonia and empyema with associated HUS. Both

patients required dialysis, one patient for 10 days and the other for 18

days. Neither patient demonstrated evidence of Shiga toxin-related 

disease. S pneumoniae isolated from blood or pleural fluid was peni-

cillin susceptible. One isolate was serotype 3 and the other was

serotype 14. The two strains had different PFGE patterns. Both

patients recovered well with no persistent renal dysfunction.

CONCLUSIONS: S pneumoniae continues to be an uncommon but

important cause of HUS. Most cases can be confirmed or at least con-

sidered probable without performing a renal biopsy.
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Deux cas récents d’infection envahissante à Streptococcus

pneumoniae, qui ont dégénéré en syndrome hémolytique et
urémique chez des enfants

INTRODUCTION : Les infections à Streptococcus pneumoniae

dégénèrent rarement en syndrome hémolytique et urémique (SHU) qui,

par sa physiopathologie unique, diffère du SHU causé par la toxine de

Shiga.

MÉTHODE : Les deux cas ont fait l’objet de description. Chaque souche

de S. pneumoniae a été soumise à une électrophorèse sur gel en champ

pulsé, à un dosage de la toxine de Shiga et à une réaction en chaîne de la

polymérase pour détecter la présence des gènes de la toxine de Shiga.

Nous avons passé en revue la documentation sur le sujet. 

EXPOSÉ DE CAS : Deux patients atteints d’un SHU lié à S. pneumoniae

se sont présentés à notre établissement en l’espace de quatre semaines 

en 2001. Les deux présentaient à la fois une pneumonie et un empyème

associés au SHU. Les deux ont dû être traités par dialyse : l’un pendant 

10 jours, l’autre pendant 18 jours. Aucune trace de la présence de la

toxine de Shiga n’a été décelée chez les deux enfants. La souche de 

S. pneumoniae isolée dans les prélèvements de sang et de liquide pleural

s’est montrée sensible à la pénicilline. Un isolat était de sérotype 3;

l’autre, de sérotype 14. Les deux souches ont réagi différemment à

l’électrophorèse. Les deux patients se sont bien rétablis, sans subir de

séquelles rénales. 

CONCLUSION : S. pneumoniae continue d’être une cause rare mais

importante de SHU. Sa présence peut être confirmée ou tout au moins

fortement présumée dans la plupart des cas, sans biopsie rénale. 

Streptococcus pneumoniae has long been reported to be an
uncommon cause of hemolytic uremic syndrome (HUS)

(1,2). The pathogenesis of S pneumoniae-associated HUS is 
different from Shiga toxin-associated HUS. The primary factor
appears to be the production of neuraminidase by S pneumoniae
(1). Patients treated with washed blood products tend to have
a better outcome, likely related to decreased binding of natu-
rally occurring antibodies to activated T antigen (3-7). The
lack of a consistent case definition has resulted in debate about
the distinction between cases of S pneumoniae-associated HUS
and disseminated intravascular coagulation associated with
invasive S pneumoniae infections, especially when diagnostic
renal biopsy is not performed (8).

HUS is the most common cause of acute renal failure in
children (3). Most cases are caused by Shiga-like toxins (9,10),
and the etiology for Shiga-like toxin-associated HUS is usually

enterohemorrhagic Escherichia coli 0157:H7 (3,9,11). However,
many other E coli serotypes, as well as Shigella dysenteriae,
Aeromonas species and the human immunodeficiency virus can
cause HUS (9). In addition, other neuraminidase-producing
organisms, such as influenza A virus, have been reported to
cause HUS (12,13). Hereditary, drug-induced, disease-associ-
ated and idiopathic HUS have been reported (9,11). The dis-
ease is heralded by the sudden onset of microangiopathic
hemolytic anemia, thrombocytopenia and acute renal failure,
often preceded by an acute gastroenteritis with bloody diarrhea
(9,10).

We present two patients with S pneumoniae-associated HUS
who presented to the Alberta Children’s Hospital, Calgary,
Alberta within one month of each other in 2001, and who were
not epidemiologically linked. We also review the published lit-
erature concerning HUS associated with S pneumoniae.
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METHODS
A chart review was performed for each case. The organisms were

identified from the clinical specimens using standard techniques,

and antibiotic susceptibility testing was performed. Serotyping of

the S pneumoniae isolates was performed by the Quellung method

at the National Streptococcus Centre in Edmonton, Alberta.

Pulsed-field gel electrophoresis (PFGE) analysis was performed

on both isolates. The Sma I restriction endonuclease was used in

1% agarose gel using 0.5 × tris-borate-ethylene diamine tetra-

acetic acid buffer at 10°C. The Chef Mapper (BioRad, USA) was

used, and switch and run times were 0.20 to 35 s over 21 h, with a

voltage gradient of 6.0 V/cm.

S pneumoniae exotoxin was determined by both toxicity assay

and polymerase chain reaction (PCR) to identify the genes

responsible for exotoxin production. The toxicity assay was per-

formed using Vero cells. Controls used were S pneumoniae ATCC

27336, S pneumoniae ATCC 49619 and E coli pJB 128 (harbouring

the VT1 operon on a multicopy plasmid, VT1 positive) (14).

After overnight growth of the organism in brain heart infusion

broth, 1.5 mL was removed and filtered using a Millex-GV syringe

filter (Millipore, USA). This was then used for the exotoxin pro-

duction assay. The plate was incubated in a humid chamber at

37°C and observed every 24 h for cytopathic effect.

PCR to identify Verotoxin genes was also performed. Control

strains included S pneumoniae ATCC 27336 (negative control), an

E coli 0157:H7 strain known to be VT1 positive (laboratory clini-

cal isolate) and an E coli 0157:H– strain known to be VT2 positive

(laboratory clinical isolate) (positive controls). A suspension con-

taining one of the above organisms was pelleted, resuspended in

200 µL 10% Triton X-100 (Sigma, USA) and boiled for 20 min.

The specimens and controls were then centrifuged for 20 min at

13,200 rpm, and the supernatant was used for the PCR. The fol-

lowing PCR conditions were used: hold for 15 min at 95°C, 25

cycles (denature for 40 s at 94°C, anneal for 40 s at 55°C, and

elongate for 40 s at 72°C), hold for 6 min at 72°C and finally hold

forever at 4°C.

The literature review consisted of an electronic search of the

National Library of Medicine MEDLINE index using the search

terms “Streptococcus pneumoniae”, “pneumococcus” and “hemolytic

uremic syndrome”. In addition, the reference lists of articles found

with this search were examined to identify more articles. We iden-

tified 27 articles that reported on 70 cases of HUS associated with

S pneumoniae (1-7,10,11,15-32).

CASE PRESENTATIONS
Case report 1
A two-year old, previously well, white boy presented with a
seven-day history of upper respiratory symptoms with gradual
worsening. He presented with fever, cough, vomiting, lethargy
and decreasing urine output. There was no history of diar-
rhea, urinary tract infections, easy bruising or bleeding, travel,
poorly cooked meats or unpasteurized diary products. He
attended daycare and had a 10-month-old sibling with an
upper respiratory tract infection. Family history was noncon-
tributory.

On admission, he was afebrile (however, fever had been
noted by family), with a pulse of 150 beats/min and a blood pres-
sure of 120/80 mmHg. His respiratory rate was 50 breaths/min
with significantly increased effort. He was moderately dehy-
drated. His oxygen saturation remained normal in room air.
Chest examination revealed dullness to percussion and
decreased breath sounds on the right. Jaundice and pallor were

also present. A chest x-ray showed right middle and lower lobe
consolidation and a right-sided effusion.

His hemoglobin level was 95 g/L, which decreased to 67 g/L
after rehydration. Platelets were 15×109/L, with a normal
white blood cell count of 4.8×109/L. The erythrocyte sedi-
mentation rate was 148 mm/h. His creatinine level was
77 µmol/L and urea level was 21 mmol/L. The bilirubin and
lactate dehydrogenase concentrations were 145 µmol/L and
2805 U/L, respectively. Serum cold agglutinins were strongly
positive. There was gross hematuria, and the urinalysis
demonstrated proteinuria. A smear of the peripheral blood
demonstrated fragmented red blood cells and schistocytes
consistent with microangiopathic hemolytic anemia. The
partial thromboplastin time was 74 s (normal 25 to 35 s),
international normalized ratio (INR) was 1.1, D-dimers were
0.2 to 0.4 mg/L (normal less than 0.2 mg/L) and fibrinogen
was 9.3 g/L (normal 2 to 4 g/L). Cefotaxime and vancomycin
were started for empiric therapy. Blood cultures and subse-
quent pleural fluid obtained by thoracocentesis grew S pneu-
moniae, serotype 3 – susceptible to penicillin, cefotaxime and
vancomycin. Pleural fluid chemistry revealed a concentra-
tion of glucose less than 0.5 mmol/L, a concentration of lac-
tate dehydrogenase greater than 4500 U/L, a pH of 7.73 and
a protein level of 35 g/L. Urine culture was negative. Acute
and convalescent serology for Mycoplasma pneumoniae was
also negative. Stool cultures were negative for E coli 0157 and
Shigella species, but serology was positive (titre greater than
1:128) for antibody to Shiga toxin 2 by neutralization assay
by the National Laboratory for Public Health, Winnipeg,
Manitoba. This may have indicated past exposure. After
antibiotic susceptibilities were known, the antibiotic treat-
ment was changed to intravenous penicillin G.

His course in hospital included six washed, packed red blood
cell transfusions, five washed platelet transfusions, nine days of
hemodialysis and an additional nine days of peritoneal dialysis.
His course was complicated by the empyema, treated conserva-
tively without chest drain, pancreatitis (lipase level 3041 U/L)
and hepatitis (aspartate aminotransferase level 800 U/L and
alanine aminotransferase level 269 U/L). At 11 months follow-
ing admission, his renal function was normal, with a creatinine
concentration of 42 µmol/L and a calculated creatinine clear-
ance of 95 mL/min/1.73 m2.

Case report 2
A four-year-old, previously well, white boy presented with
intractable epistaxis and a seven-day history of upper respiratory
symptoms, including sore throat. During the five days preced-
ing admission, symptoms of abdominal pain, vomiting, increas-
ing fevers with progressive tachypnea and dyspnea were
present. He had no history of diarrhea, fast food or poorly
cooked meat products. There was no history of travel. His
mother and sister also had upper respiratory infections. His
immunizations were incomplete. Family history was significant
for urinary tract infections but not renal disease.

On admission, he was afebrile, with a pulse of 159 beats/min
and a blood pressure of 105/67 mmHg. His respiratory rate was
55 breaths/min with obvious increased effort. He was moder-
ately dehydrated. His oxygen saturation was normal in room
air. Chest examination revealed dullness to percussion with
decreased breath sounds to the left hemithorax. Jaundice and
pallor were also present. A chest x-ray confirmed left lower
lobe consolidation with effusion.
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On admission, his hemoglobin level was 69 g/L. His platelet
count was 4×109/L and his white blood cell count was
13.7×109/L, with 52% neutrophils and 29% band forms. The
erythrocyte sedimentation rate was 148 mm/h. His creatinine
level was 110 µmol/L and his urea level was 20 mmol/L. The
total bilirubin and lactate dehydrogenase concentrations were
75 µmol/L (20 µmol/L conjugated) and greater than 4500 U/L,
respectively. The aspartate aminotransferase level was 400 U/L,
and the alanine aminotransferase level was normal. The
urine demonstrated gross hematuria and proteinuria. A smear
of the peripheral blood demonstrated fragmented red blood
cells and schistocytes consistent with microangiopathic
hemolytic anemia. The patient’s partial thromboplastin time
was 47 s, INR was 1.4, D-dimers were 0.8 to 1.6 mg/L and fib-
rinogen was 5.1 g/L. Cefotaxime and vancomycin were empir-
ically started.

Blood cultures and subsequent pleural fluid cultures grew
S pneumoniae, serotype 14 – susceptible to penicillin, cefo-
taxime and vancomycin. A urine culture was negative. A
throat swab for group A beta-hemolytic streptococcus was
negative and the antistreptolysin O titre was negative. Stool
cultures were not sent, but serology for Shiga toxins 1 and 2
were negative by neutralization assay. After antibiotic suscep-
tibilities were known, antibiotic treatment was changed to
intravenous penicillin G.

His course in hospital included five washed, packed red
blood cell transfusions, four washed platelet transfusions and
10 days of hemodialysis. He required nasal cauterization and
packing; the clinical course was further complicated by
empyema, hypertension, pericarditis and an incidental finding
of Wolff-Parkinson-White syndrome diagnosed after an
episode of tachycardia in the perioperative period.

At nine months postadmission, his renal function was nor-
mal, with a creatinine of 33 µmol/L and a calculated creatinine
clearance of 132 mL/min/1.73 m2.

The S pneumoniae isolates from both cases were unique on
PFGE analysis. Neither organism showed evidence of Shiga
toxin production nor evidence of Shiga toxin-encoding genes.

DISCUSSION
The presumed mechanism of pathogenesis for HUS associated
with S pneumoniae differs from Shiga toxin-related disease
(1,33). The Thomsen Friedenreich antigen (T antigen) is a
normal structure on the surface of erythrocytes and renal cap-
illary endothelial cells that is obscured by neuramic acid
(1,19,34). The neuraminidase produced by S pneumoniae
(35,36) circulates in serum (6,19,37) and removes neuraminic
acid from glycoproteins, revealing the T antigen on cell sur-
faces (1,6,35). This leads to binding with T antigen-specific
immunoglobulin (Ig) M, which is present in all human serum
by the age of six months (1,19,34,35), resulting in hemolysis
(1,35), agglutination (27) and microangiopathy in the kidneys
(1,35) with secondary thrombocytopenia. In such cases, circu-
lating serum anti-T antigen IgM levels may be reduced to zero
as a result of consumption (19).

This activated T antigen is also present on hepatocytes and
may contribute to the hepatic dysfunction noted in some case
series (10,16); as well, T antigen found in the choroid plexus in
the brain may contribute to the pathogenesis of meningitis
(38,39). Patients with S pneumoniae-associated HUS have
demonstrable neuraminidase activity, while those with inva-
sive S pneumoniae disease without HUS do not (6).

Early recognition of S pneumoniae-associated HUS is impor-
tant – plasma or plasma-containing blood products may worsen
the clinical course, because most healthy individuals contain
anti-T IgM in their serum (6,19,40). Fluorescein-labelled
peanut agglutinin (Arachis hypogaea) confirms the presence of
T antigen on tested cells or tissues (35,41). Although this assay
is a straightforward test, it is not routinely performed in many
laboratories (Dr D Easton, Calgary Laboratory Services,
Calgary, Alberta August 2002, personal communication). The
direct Coombs test is another test that detects (auto-) anti-
body binding to red blood cells, and a previous, brief review of
cases of HUS associated with S pneumoniae noted that when
performed in these cases, the direct Coombs test is usually
positive (42). It has been suggested that this test, which is
more readily available, could be useful to detect HUS early in
cases of invasive S pneumoniae disease (42). However, there
are no data on the specificity of the direct Coombs test in
these cases.

It is uncertain how often HUS occurs in association with
S pneumoniae infections. A review of cases from Atlanta found
that HUS occurred after 0.6% of invasive S pneumoniae infec-
tions (3). In contrast, HUS develops after 5% to 14% of E coli
0151:H7 infections (43,44).

There was significant mortality in the published cases of
S pneumoniae-associated HUS, with 15 deaths among 72
cases (21% of the total of the 70 cases previously reported
in the literature and the two cases reported in the present
study) (1,3,6,7,11,19,20,32). These deaths were reported in
publications from 1977 to 2001, and the cause of death was
not always described, but when described, it was related to
acute or chronic renal disease, or to severe acute S pneumoniae
infection. Thus, it cannot readily be determined whether
there is a trend in the incidence of case fatalities related to
changes in the care provided to these children. The use of
washed blood products has been shown to improve outcome
(3-7); earlier treatments included exchange transfusion
(19,35).

Although our two patients recovered normal renal func-
tion, among reported survivors, there are a considerable num-
ber of children with ongoing renal problems; many went on to
end-stage renal failure (2,4,5,10,11,15,16,18,31).

Similar to the present cases, most of the reported S pneumoniae-
associated HUS cases are linked to focal invasive infections.
Sixty-five per cent (47 of 72 cases) were associated with pneu-
monia and/or empyema (1-6,10,11,15-19,26-28,31), and 31%
were associated with meningitis (3,6,7,11,16,20,23,25,29,31).
Sepsis was documented in 22% (1,2,18,21-24,28-30,32) and oti-
tis media in 7% of cases (3,19); one case was associated with mas-
toiditis (3). One study suggested that HUS typically followed
pneumonia by approximately one week (18); however, our
patients demonstrated both concurrently. Among the described
cases, S pneumoniae was isolated from several different sites,
including blood (61%) (2-6,11,16,18,20-22,24,25,27-30,32),
cerebrospinal fluid (27% ) (3,7,11,16,20,25,29) and pleural fluid
(13%) (10,16,19,26).

Most authors did not comment on the coagulation profiles
in their cases. However, some authors did note similar, mild
abnormalities in the coagulation profiles seen in their cases,
which were similar to the present cases (3,5,16,25,30,31). It is
unclear whether these mild abnormalities are part of a systemic
inflammatory response to the S pneumoniae infection or are a
result of HUS.
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Both of our patients had mild liver function abnormalities.
This has been described in several patients as part of their clin-
ical presentation (5,10).

There is variability in the laboratory criteria for reported
cases. Of the 70 reported cases, only 16 had clear demonstra-
tion of T antigen with agglutination on red blood cells 
(4-7,10,16,19,27), seven had data about T antigen agglutina-
tion on kidney tissue (1,6,15,26,27) and six had data about
thrombotic microangiopathy on kidney tissues (11). The pres-
ence of T antigen on cell surfaces and its clinical implications
warrant further investigation; however, it is not clear what
kind of T antigen test may be appropriate as a routine test.

One of our patient’s HUS was caused by S pneumoniae
serotype 14, and the other’s was caused by serotype 3. Serotype
14 is the most prevalent serotype causing invasive disease in
young children in Canada (28% of invasive isolates); serotype 3
is much less common (1% of invasive cases) (45). Serotype 14
has been previously associated with HUS (3,5), in addition to
6B (3), 9V (6,15), 19 (6,27), 3 (19), 8 (25) and 23F (3).
“Nephritic strains” of S pneumoniae have been discussed in older
literature (46). There are no current data about whether spe-
cific serotypes or virulence factors, apart from neuraminidase,
are important in the pathogenesis of HUS.

There is no consistent case definition for S pneumoniae-
associated HUS. The Canadian Paediatric Society has a sur-
veillance definition, and the Centers for Disease Control and
Prevention currently have a case definition for postdiarrheal
HUS (47), but not for S pneumoniae-associated HUS alone.
The Canadian Paediatric Surveillance Program case definition
is outlined in Table 1. From April 2000 to March 2002, three

possible cases and one definite case were reported in Canada
(48) using the above definitions, and debate continues as to
which cases truly qualify as S pneumoniae-associated HUS (3,8).

We suggest a modification to the Canadian Pediatric
Society case definition so that ‘possible’ cases are considered to
be ‘probable’ cases. Renal biopsy is not usually necessary to
make a diagnosis of S pneumoniae-associated HUS if all other
criteria have been fulfilled and if clinicians are confident that
the laboratory changes are not caused by sepsis. The diagnosis
can be based on findings consistent with microangiopathic
hemolytic anemia on a peripheral blood smear, in addition to
the biochemical renal and hematological abnormalities noted
in Table 1. In circumstances in which the diagnosis or etiology
is unclear, a biopsy could be considered.

If a widely accepted case definition can be determined for
S pneumoniae-associated HUS, further studies about the clini-
cal course, as well as the therapeutic and prognostic value of
measuring neuraminidase activity, T antigen and T antigen
antibody should be facilitated.
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TABLE 1
Canadian Paediatric Society Streptococcus pneumoniae-
associated hemolytic uremic syndrome case definitions

Children under the age of 16 years demonstrating the following (need not be 

present simultaneously):

1) Evidence of invasive S pneumoniae infection (blood or another 

normally sterile biological fluid: cerebrospinal, pericardial, articular, 

peritoneal, pleural), excluding middle ear, sinus and tracheal aspirates

2) Both renal and hematological organ failures defined as:

a) Acute renal impairment with serum creatinine:

� >50 µmol/L if younger than five years old

� >60 µmol/L if five to nine years old

� >90 µmol/L if 10 to 13 years old

� >110 µmol/L if older than 13 years old

b) Microangiopathic hemolytic anemia (hemoglobin <100g/L with 

fragmented red cells)

c) Thrombocytopenia (<150,000×109/L) in the absence of septicemia, 

malignant hypertension, chronic uremia, collagen or vascular 

disorders

3) No chronic conditions that are causative for the renal and 

hematological abnormalities seen

Other organ failures may occur

Definite case Evidence of thrombotic microangiopathy on renal biopsy 

or autopsy

Possible case Distinction between pneumococcal sepsis with secondary

organ failures and S pneumoniae-associated hemolytic 

uremic syndrome will be determined through a Delphi 

process

Data taken from reference 49

REFERENCES
1. Klein PJ, Bulla M, Newman RA, et al. Thomsen-Friedenreich antigen

in haemolytic-uraemic syndrome. Lancet 1977;ii:1024-5.
2. Moorthy B, Makker SP. Hemolytic-uremic syndrome associated with

pneumococcal sepsis. J Pediatr 1979;95:558-9.
3. Cabrera GR, Fortenberry JD, Warshaw BL, Chambliss CR, Butler JC,

Cooperstone BG. Hemolytic uremic syndrome associated with invasive
Streptococcus pneumoniae infection. Pediatrics 1998;101:699-703.

4. McTaggart SJ, Burke JR. Streptococcus pneumoniae-induced haemolytic
uraemic syndrome. J Paediatr Child Health 1998;34:192-5.

5. Erickson LC, Smith WS, Biswas AK, Camarca MA, Waecker NJ Jr.
Streptococcus pneumoniae-induced hemolytic uremic syndrome: A case
for early diagnosis. Pediatr Nephrol 1994;8:211-3.

6. Novak RW, Martin CR, Orsini EN. Hemolytic-uremic syndrome and
T-cryptantigen exposure by neuraminidase-producing pneumococci:
An emerging problem? Pediatr Pathol 1983;1:409-13.

7. Martinot A, Hue V, Leclerc F, Chenaud M. Haemolytic-uraemic
syndrome associated with Streptococcus pneumoniae meningitis. 
Eur J Pediatr 1989;148:648-9.

8. Proulx F, Liet JM, David M, et al. Hemolytic uremic syndrome
associated with invasive Streptococcus pneumoniae infection. 
Pediatrics 2000;105:462-3.

9. Kaplan BS, Meyers KE, Schulman SL. The pathogenesis and
treatment of hemolytic uremic syndrome. J Am Soc Nephrol
1998;9:1126-33.

10. Gilbert RD, Argent AC. Streptococcus pneumoniae-associated
hemolytic uremic syndrome. Pediatr Infect Dis J 1998;17:530-2.

11. Nathanson S, Deschenes G. Prognosis of Streptococcus pneumoniae-
induced hemolytic uremic syndrome. Pediatr Nephrol 2001;16:362-5.

12. Asaka M, Ishikawa I, Nakazawa T, Tomosugi N, Yuri T, Suzuki K.
Hemolytic uremic syndrome associated with influeza A virus infection
in an adult renal allograft recipient: Case report and review of the
literature. Nephron 2000;84:258-66.

13. Watanabe T. Hemolytic uremic syndrome associated with influenza A
virus infection. Nephron 2001;89:359-60.

14. Ramotar K, Boyd B, Tyrrell G, Gariepy J, Lingwood C, Brunton J.
Characterization of Shiga-like toxin I B subunit purified from
overproducing clones of the SLT-I B cistron. J Biochem 
1990;272:805-11.

15. Alon U, Adler SP, Chan JC. Hemolytic-uremic syndrome associated
with Streptococcus pneumoniae. Report of a case and review of the
literature. Am J Dis Child 1984;138:496-9.

16. Pan CG, Leichter HE, Werlin SL. Hepatocellular injury in
Streptococcus pneumoniae-associated hemolytic uremic syndrome in
children. Pediatr Nephrol 1995;9:690-3.

17. Mizusawa Y, Pitcher LA, Burke JR, Falk MC, Mizushima W. 
Survey of haemolytic-uraemic syndrome in Queensland 1979-1995. 
Med J Aust 1996;165:188-91.

18. Krysan DJ, Flynn JT. Renal transplantation after Streptococcus
pneumoniae-associated hemolytic uremic syndrome. Am J Kidney Dis
2001;37:E15.

Vanderkooi.qxd  28/11/2003  3:39 PM  Page 342



Pneumococcal hemolytic uremic syndrome

Can J Infect Dis Vol 14 No 6 November/December 2003 343

19. Seger R, Joller P, Baerlocher K, et al. Hemolytic-uremic syndrome
associated with neuraminidase-producing microorganisms: Treatment
by exchange transfusion. Helv Paediatr Acta 1980;35:359-67.

20. Huang FY, Lin DS. Pneumococcal meningitis complicated 
with hemolytic uremic syndrome: Report of two cases. 
Zhonghua Min Guo Xiao Er Ke Yi Xue Hui Za Zhi 
1998;39:58-61.

21. Sajjanhar T, Mayer A, Murdoch IA. Chronic subdural haematoma
and Streptococcus pneumoniae-associated haemolytic-uraemic
syndrome. Acta Paediatr 1996;85:1135-6.

22. Yahav J, Aladjem M, Boichis H, Barzilay Z. Hemolytic uremic
syndrome due to pneumococcal sepsis. Int J Pediatr Nephrol
1980;1:197-8.

23. Loirat C, Sonsino E, Varga Moreno A, et al. Hemolytic-uremic
syndrome: An analysis of the natural history and prognostic features.
Acta Paediatr Scand 1984;73:505-14.

24. Chan J, Goplerud J, Papadopoulou Z. Kidney failure in children:
Principles of management. Int J Pediatr Nephrol 1981;2:201-22.

25. von Eyben FE, Szpirt W. Pneumococcal sepsis with hemolytic-uremic
syndrome in the adult. Nephron 1985;40:501-2.

26. Feld LG, Springate JE, Darragh R, Fildes RD. Pneumococcal
pneumonia and hemolytic uremic syndrome. Pediatr Infect Dis J
1987;6:693-5.

27. McGraw ME, Lendon M, Stevens RF, Postlethwaite RJ, Taylor CM.
Haemolytic uraemic syndrome and the Thomsen Friedenreich
antigen. Pediatr Nephrol 1989;3:135-9.

28. Begue R, Dennehy PH, Peter G. Hemolytic uremic syndrome
associated with Streptococcus pneumoniae. N Engl J Med
1991;325:133-4.

29. Eber SW, Polster H, Quentin SH, Rumpf KW, Lynen R. 
[Hemolytic-uremic syndrome in pneumococcal meningitis and
infection. Importance of T-transformation]. Monatsschr Kinderheilkd
1993;141:219-22.

30. Myers KA, Marrie TJ. Thrombotic microangiopathy associated with
Streptococcus pneumoniae bacteremia: Case report and review. 
Clin Infect Dis 1993;17:1037-40.

31. Brandt J, Wong C, Mihm S, et al. Invasive pneumococcal disease
and hemolytic uremic syndrome. Pediatrics 2002;110:371-6.

32. Khodasevich LS, Val’kov A. [Pathomorphology of pneumococcal
infection in children]. Arkh Patol 1998;60:37-40.

33. Fischer K, Poschmann A, Oster H. [Severe pneumonia with
hemolysis caused by neuraminidase. Detection of cryptantigens by
indirect immunofluorescent technic]. Monatsschr Kinderheilkd
1971;119:2-8.

34. Kim YD, Prakash U, Weber GF, Hargie M. Nature of human serum
blood group T antibodies. Immunol Commun 1979;8:397-406.

35. Seger R, Joller P, Baerlocher K, Hitzig WH. [Neuraminidase-
producing pneumococci in the pathogenesis of hemolytic-uremic
syndrome]. Schweiz Med Wochenschr 1980;110:1454-6.

36. Paton JC, Andrew PW, Boulnois GJ, Mitchell TJ. Molecular analysis
of the pathogenicity of Streptococcus pneumoniae: The role of
pneumococcal proteins. Annu Rev Microbiol 1993;47:89-115.

37. Cohen L, Sternberg M. Determination of neuraminidase activity in
serum or plasma. Relevance to the pathogenic diagnosis of hemolytic
uremic syndrome. Contrib Nephrol 1983;35:1-6.

38. Muller W, Klein PJ, Vierbuchen MJ, Uhlenbruck G. Lectin binding
sites in the choroid plexus and choroid plexus papillomas. 
Neurosurg Rev 1980;3:57-65.

39. Vierbuchen M, Klein PJ. Histochemical demonstration of
neuraminidase effects in pneumococcal meningitis. Lab Invest
1983;48:181-6.

40. Puspok R, Graninger W. T antigen and its relation to hemolytic
uremic syndrome. Contrib Nephrol 1983;35:35-45.

41. Uhlenbruck G, Pardoe GI, Bird GW. On the specificity of lectins
with a broad agglutination spectrum. II. Studies on the nature of 
the T-antigen and the specific receptors for the lectin of Arachis
hypogoea (ground-nut). Z Immunitatsforsch Allerg Klin Immunol
1969;138:423-33.

42. von Vigier RO, Seibel K, Bianchetti MG. Positive Coombs test in
pneumococcus-associated hemolytic uremic syndrome. A review of
the literature. Nephron 1999;82:183-4.

43. Waters JR, Sharp JC, Dev VJ. Infection caused by Escherichia coli
O157:H7 in Alberta, Canada, and in Scotland: A five-year review,
1987-1991. Clin Infect Dis 1994;19:834-43.

44. Wong CS, Jelacic S, Habeeb RL, Watkins SL, Tarr PI. The 
risk of the hemolytic-uremic syndrome after antibiotic treatment 
of Escherichia coli O157:H7 infections. N Engl J Med 
2000;342:1930-6.

45. Scheifele D, Halperin S, Pelletier L, Talbot J. Invasive pneumococcal
infections in Canadian children, 1991-1998: Implications for new
vaccination strategies. Canadian Paediatric Society/Laboratory
Centre for Disease Control Immunization Monitoring Program,
Active (IMPACT). Clin Infect Dis 2000;31:58-64.

46. Gray BM. Is pneumococcal hemolytic-uremic syndrome a new
disease? Infect Med 2001;18:251-8.

47. Case definitions for infectious conditions under public health
surveillance. Centers for Disease Control and Prevention. 
MMWR Recomm Rep 1997;46:1-55.

48. Proulx F. Canadian Paediatric Surveillance Program 2001 Results.
Ottawa: Health Canada, 2001.

49. Canadian Pediatric Surveillance Program 2002 Results. Ottawa:
Canadian Pediatric Society, 2003.

Vanderkooi.qxd  28/11/2003  3:39 PM  Page 343



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


