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Abstract
Background Mycoplasma pneumoniae can cause various
extrapulmonary manifestations but, to our knowledge, no
case of Mycoplasma pneumoniae associated with hemolytic
uremic syndrome (HUS) has been reported.
Case-Diagnosis/Treatment Wedescribe a 1-year-old boywith
M. pneumoniae respiratory tract infection and associated
microangiopathic hemolytic anemia, slightly decreased platelet
count and mild renal impairment, suggesting a diagnosis of
HUS. Assuming M. pneumoniae infection was the cause of
HUS in this case, the different possible mechanisms, including
an atypical HUS due to preexisting complement dysregulation,
an alternative complement pathway activation induced by M.
pneumoniae infection at the acute phase, an autoimmune dis-
order, and a direct role of the bacteria in inducing endothelial
injury, are discussed. The signs of HUS resolved with treatment
of the M. pneumoniae infection.
Conclusions Hemolytic uremic syndrome may be an unusu-
al complication of M. pneumoniae infection.
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Introduction

Hemolytic uremic syndrome (HUS) and thrombotic thrombo-
cytopenic purpura (TTP) are two syndromes which are both

thrombotic microangiopathies characterized by hemolytic
anemia, thrombocytopenia and other manifestations that may
include renal and neurological impairment [1]. In its typical
form in childhood, HUS is caused by Shiga toxin-producing
bacteria, mainly enterohemorrhagic Escherichia coli [2], and
in some regions Shigella dysenteriae type 1. HUS has also
been associated with a variety of infectious agents, including
Streptococcus pneumoniae [3] and viruses such as the Ep-
stein–Barr virus (EBV) or more recently pandemic H1N1
influenza A virus [4].

Mycoplasma pneumoniae is a major causative agent of
lower respiratory tract infections in all age groups that occurs
worldwide [5]. Although pneumonia is a hallmark of M.
pneumoniae infection, extrapulmonary manifestations in-
volving almost all organs have been reported. Among these
complications, neurological, skin, renal (interstitial nephritis,
glomerulonephritis) and hematological (disseminated intra-
vascular coagulation, immune thrombocytopenia, hemolytic
anemia) disorders are common [6]. However, although some
rare cases of TTP have been reported in adult patients [7, 8],
to date M. pneumoniae infection has not been associated
with childhood HUS.

Case report

A previously healthy 1-year-old boy presented at the pe-
diatric emergency department with a 3-day history of
cough and fever. Physical examination revealed a temper-
ature of 39 °C, elevated blood pressure (115/74), normal
consciousness, pallor and no purpura. Chest examination
was normal. Blood tests the following day revealed a
hemoglobin level of 6.6 g/dL, a reticulocyte count of
5 %, platelet count of 140×109/L, normal white blood
cell count and normal renal function with a serum creati-
nine value of 25 μmol/L. Hemolytic markers showed a
raised lactate dehydrogenase at 706 U/L, reduced
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haptoglobin at 0.15 mg/dL and the presence of 4.5 %
schistocytes (Table 1). Coagulation tests were unremarkable,
including fibrin degradation products and D-dimer. The direct
Coombs test and cold agglutinin test were negative. Urinalysis
was positive for blood and protein. The urine protein to
creatinine ratio was 378 mg/mmol, and hematuria was con-
firmed on urine microscopy. Serum complement was normal
(CH50 96 %, C3 1180 mg/L, C4381 mg/L). A chest radio-
graph revealed mild bilateral infiltrate. A renal ultrasonogra-
phy showed unspecific increased cortical echogenicity. There
was no personal or familial history of hematological disorders.

A presumptive diagnosis of thrombotic microangiopathy
was made and a diagnostic workup of HUS and TTP was
undertaken according to European guidelines [9]. Stool cul-
ture on sorbitol MacConkey agar detected no sorbitol-
negative E.coli, and polymerase chain reaction (PCR) spe-
cific for the Shiga toxin genes (stx1 and stx2) and the eae gene
were negative. Moreover, no antibody against lipopolysac-
charide of enterohemorrhagic E. coliwas detected in a serum
sample collected on day 1. Hemocultures were negative, and
no S. pneumoniae antigen was detected in the urine.
ADAMTS13 activity was moderately reduced to 17 % of
that in normal plasma, with no inhibitory autoantibody iden-
tified. Routine complement activation showed no evidence
of complement alternative pathway activation (normal C3,
C4 and complement factor B levels), mild transient de-
creased expression of membrane cofactor protein on periph-
eral leucocytes, no quantitative deficiency of complement
factor H and complement factor I and no anti-factor H
autoantibody (Table 1). In the meantime, M. pneumoniae
had been detected in a nasopharyngeal aspirate using an in-
house real-time PCR targeting the adhesin P1 gene [10], and

a M. pneumoniae isolate had grown in Hayflick’s modified
broth medium from the nasopharyngeal specimen [11]. At
the same time, M. pneumoniae serology was positive, with
specific immunoglobulin M (IgM) detected in a serum sam-
ple using the M. pneumoniae IgM-ELISA assay (Medac,
Hamburg, Germany). The positive PCR result, the positive
culture and the presence of specific IgM confirmed an acute
M. pneumoniae infection. The M. pneumoniae strain was
examined for macrolide resistance-associated mutations in
the 23S rRNA gene using real-time PCR and melting curve
analysis [10]. A melting peak characteristic of the wild-type
genotype was observed, showing that the strain was suscep-
tible to macrolides. Two M. pneumoniae molecular typing
methods were also applied on the M. pneumoniae isolate. It
was categorized as subtype 2 based on the results of PCR–
restriction fragment length polymorphism analysis of
adhesin P1 and as MLVA type 33562 (alternative designa-
tion: MLVA type G) based on multi-locus variable-number
tandem repeat analysis (MLVA) [10]. The serology for EBV
and cytomegalovirus were also negative.

A diagnosis of acute M. pneumoniae infection with HUS
was thus made, and the patient was treated with josamycin
for 2 weeks. Respiratory symptoms disappeared within 2
days, and the hemoglobin level gradually normalized with-
out red blood cell transfusion. The platelet count steadily
increased, exceeding 400×109 on day 6. The glomerular
filtration rate remained within the normal range, proteinuria
normalized within 1 month, and hypertension resolved spon-
taneously on day 3. ADAMTS13 activity level was 34 % at 1
month post-treatment initiation and 74 % at 1 year. The child
remained in clinical remission with normal laboratory eval-
uation after 12 months of follow-up.

Table 1 Laboratory features of a 1-year-old boy with Mycoplasma pneumonia-associated hemolytic uremic syndrome

Parameters Day 1 Day 2 Day 8 Day 28 Normal range

Hemoglobin (g/dL) 8.1 6.6 8.2 11.9 11.5–14.0

Platelet count (x 109/L) 166 140 431 539 150–450

Schistocytes (%) 1.9 4.5 2.5 0 <1

Lactate dehydrogenase (UI/L) 608 706 567 432 180–430

Haptoglobin (mg/dL) 0.39 0.15 0.10 2.36 0.40–1.30

Creatinine (μmol/L) 24 25 21 15 15–32

Urine protein to creatinine ratio (mg/mmol) 378 122 29 0–50

C3 (mg/l) 1180 660–1,250

Membrane cofactor protein expression
on peripheral leucocytes (%)

60 80 70–130

Complement factor B (mg/L) 181 90–320

Complement factor I (%) 109 70–130

Complement factor H (%) 119 65–140

Anti-factor H autoantibody Negative

ADAMTS13 activity (%) 17 34 <10
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Discussion

Mycoplasma pneumoniae is the etiologic agent of approxi-
mately 15–20 % of community-acquired pneumoniae cases
in children that require hospitalization. Up to 25 % of pa-
tients may experience extrapulmonary manifestations [5].
These complications may be diagnosed before, during or
after pulmonary manifestations, or they can occur in the
absence of any respiratory symptoms. The pathophysiology
of extrapulmonary manifestations remains largely unclear. It
has been suggested that extrapulmonary manifestations ofM.
pneumoniae infection could involve various possible mech-
anisms, including direct effects of pro-inflammatory cyto-
kines induced by lipoproteins in the bacterial cell, autoim-
munity through cross-reaction between the bacterial cell
components and human cells and vascular occlusion due to
vasculitis or thrombosis [6]. Our patient met the diagnostic
criteria of HUS as established by the Centers for Disease
Control and Prevention [12] and may be the first reported
case of HUS complicating aM. pneumoniae respiratory tract
infection. Diarrhea-negative HUS usually has a worse renal
prognosis than HUS caused by a Shiga toxin. Our 1-year-old
patient, however, had very mild renal impairment and did
very well with minimal treatment.

M. pneumoniae has been mentioned in two other reports of
HUS, but one of the patients described exhibited hemolytic
anemia due to anti-P autoantibody [13] and aM. pneumoniae
infection could not be confirmed in another patient with cold
agglutinin disease [14]. A possible differential diagnosis
of HUS is autoimmune hemolytic anemia, which has
been described as a severe complication of M.
pneumoniae infection and which occurs more often in
children than in adults. The mechanism of intravascular
hemolysis has been attributed to cold agglutinin disease
characterized by the presence of circulating autoanti-
bodies, usually IgM, directed against red blood cells.
In our patient, however, the combination of hemolytic
anemia, mild thrombocytopenia, nephrotic range protein-
uria, with negative cold agglutinin blood test led us to rule
out autoimmune hemolytic anemia and consider HUS. More-
over, normal coagulation tests and a modest decrease in the
platelet count made other M. pneumonia-associated hemato-
logical disorders, like disseminated intravascular coagulation
and immune thrombocytopenia, very unlikely.

The symptoms of this child led us to consider several
etiological hypotheses: (1) an atypical HUS caused by
preexisting complement dysregulation and triggered by M.
pneumoniae infection, (2) a complement alternative pathway
activation induced by M. pneumoniae infection at the acute
phase, (3) an autoimmune mechanism and (4) a direct role of
the bacteria in inducing endothelial injury.

Infectious triggers for atypical HUS due to disordered
complement regulation have been postulated in the literature.

In our case, atypical HUS triggered by M. pneumoniae
infection was unlikely since adequate investigations of the
complement system showed no underlying defect. However,
although no abnormality could be detected, the role of com-
plement dysregulation as a susceptibility factor for atypical
HUS cannot be completely excluded.

Another hypothesis would be activation of the alter-
native complement pathway at the acute phase induced
by M. pneumoniae itself, as documented in HUS caused
by a Shiga toxin. The identification of some cases of
acute postinfectious glomerulonephritis with transient
hypocomplementemia (low C3) associated with M.
pneumoniae suggests transient complement activation
[15, 16]. However, screening for complement activation
at admission was unremarkable in our patient.

As autoimmune disorders associated withM. pneumoniae
infection have been reported, the immune mechanism has
also been considered a justifiable target in investigations on
TTP and anti-factor H autoantibody. Acute M. pneumoniae
infection has been reported to be an initiating cause of TTP in
adults [7, 8]. It has been suggested that TTP associated with
M. pneumoniae infection may be the result of cross-reactive
antibodies inactivating plasma von Willebrand factor-
cleaving protease (ADAMTS13) [8]. In our patient,
ADAMTS13 activity was reduced to 17 % of normal levels
during acute disease, but it remained above the level which
unequivocally establishes a diagnosis of TTP (<5 %), and no
anti-ADAMTS13 autoantibody was detected. However, pa-
tients with acquired TTP may present with clinical and
laboratory heterogeneity, and there are cases of TTP with
moderate or mild ADAMTS13 deficiency (10–40 % of nor-
mal). These cases are usually those secondary to other dis-
eases or conditions. It is also known that patients with
thrombotic microangiopathies other than TTP may also pres-
ent with moderately reduced levels of ADAMTS13. More-
over, the absence of anti-factor H autoantibody allowed ruled
out an acquired atypical HUS triggered by M. pneumoniae.

Finally, one last hypothesis was a possible direct role of
M. pneumoniae in inducing vascular endothelial cells le-
sions. We can speculate that a sialidase could play a role by
unmasking Thomsen–Friedenreich antigen, as in pneumo-
coccal HUS. However, no sialidase activity has been detect-
ed to date in isolates of M. pneumoniae from patients with
community-acquired pneumonia [17]. A possible involve-
ment of sialidase in extra-respiratory manifestations of M.
pneumoniae remains to be investigated.

In conclusion, even if the precise mechanism by
which HUS developed in our patient is unknown, our
report suggests that M. pneumoniae is an unusual cause
of HUS. The availability of a routine PCR-based assay
for M. pneumoniae might be of help in the diagnostic
work-up of HUS associated with lower respiratory tract
infection.
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