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ABSTRACT:

— We describe two pediatric clinical cases presenting with seizures, neurological signs and symptoms asso-
ciated with meningoencephalitis due to Mycoplasma pneumoniae infection. The patients developed the
disease after an infection of the upper airways, which led to critical CNS complications. In the first case,
seizures appeared to coincide with the respiratory symptoms, while in the second case seizures appeared
subsequently, almost 2 weeks after the respiratory symptoms.

In the present study we report and speculate ontwo different pathogenic pathways of CNS involvement
related to Mycoplasma pneumoniae infection, namely direct or indirect.

— Key words: Children, Mycoplasma pneumoniae, Meningoencephalitis complications, Anti-Mycoplasma

pneumoniae

INTRODUCTION

Meningoencephalitis is a severe inflammatory disorder in-
volving the meninges and the cerebral parenchyma!. The
initial clinical presentation may include fever, symptoms
of respiratory illness, and gastrointestinal upset; neurolog-
ical symptoms include altered consciousness, confusion,
somnolence, coma, seizures, irritability, headache, focal
neurological signs and personality change?. It can be caused
by many etiologic agents: viruses, essentially enterovirus
and herpes simplex virus 1 and 2; but also other agents
should be considered, such as rickettsia, protozoa and atyp-
ical bacteria, more specifically Mycoplasma pneumoniae'.
It is important to report that following the meningoen-
cephalitis, in 20%-60% of cases, sequelae, such as posten-
cephalitic epilepsy, mental retardation, brain atrophy,
hydrocephalus, visual changes, and global neurologic
deficits with brainstem dysfunction and cerebellar ataxia
can persist’. Moreover, in the last years, uncommon neu-
rologic manifestations due to Mycoplasma pneumoniae
have been reported more frequently in the literature.

In the present study we report two different patho-
genetic pathways of CNS involvement related to My-
coplasma pneumonia infection, with a review of the
literature.

CASE REPORT
Case 1

An 8-year-old boy was referred to our hospital for fever
lasting for four days, associated with cough and difficult
breathing, daytime sleepiness for 2 days, weakness of the
lower limbs, hypomobility of the right arm and slurred
speech. On admission the patient had poor general con-
dition, fever (38.3°C), heart rate of 103 bpm, sleepiness,
blood pressure 112/55 mmHg, oxygen saturation 94% on
room air, isochoric and photo-reagent pupils, no signs of
meningeal involvement, Glasgow coma scale score
15/15. He presented bilateral basilar rales, the remaining
physical evaluation was normal, including cardiac exam-
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ination. As for neurologic examination, he presented pos-
tural imbalance, negative Romberg test, nasal index and
index-index tests showing tremor during movements, im-
balance of the lower limbs when standing and preserved
muscle strength. The cranial nerves examination was nor-
mal, as well as ocular funduscopy examination. Chest X-
ray showed a left lower lobe pneumonia and diffuse
bilateral interstitial involvement. Antibodies to Mjy-
coplasma pneumonia were positive for both IgM and
IgG. A diagnosis of pneumonia due to Mycoplasma pneu-
monia infection was made and antibiotic therapy with
ceftriaxone IV and oral clarithromycin was started.

After 16 hours he became lethargic, the movement of
the right arm was more evident. Complete blood count
showed 24.100 white cells/mm® with 77% neutrophils.
Both C-reactive protein (CRP) (76.2 mg/L- n.v. 0-5
mg/L) and erythrocyte sedimentation rate (74 mm/h- n.v.
0-20) were increased. Throat culture was negative. He
also underwent a sweat-chloride test evaluation, electro-
cardiogram and cardiac echocardiography, thatwere nor-
mal. Cold agglutinin values were positive. Rheumatoid
factor, ASLO titer, immunoglobulins, IgA and IgG
antigliadin antibodies (AGA), IgA antiendomysial anti-
bodies (EMA), anti-cardiolipin antibodies, anti-phospho-
lipid antibodies, antinuclear antibodies and anti-DNA
were absent. Serum amino acid (including homocys-
teine), serum ammonia and blood lactic acid were also
normal. Tests for hepatitis viruses and HIV-1 were nega-
tive. Rapid viral diagnostic tests for influenza, parain-
fluenza and respiratory syncytial viruses were negative.
Serum titers for herpes simplex virus type 1 and 2,
measles, cytomegalovirus, influenza virus, mumps, and
Borrelia burgdorferi were all negative.

Brain imaging (MRI) showed marked unspecific sig-
nal changes and restriction of periventricular white mat-
ter, corpus callosum and at semioval centers.
Electroencephalogram showed a diffuse slowing activity
and lack of epileptiform waves. Cerebrospinal fluid ex-
amination was performed (CSF): protein 86 mg/dL, glu-
cose 62 mg/dL, chloride 621 mEq/L. PCR of the CFS
was negative for CMV, EBV, HSV1, HSV2, Varicella,
Enterovirus and Mycoplasma pneumonia.

Based on neurologic signs and symptoms at physical
examination and on laboratory tests we diagnosed menin-
goencephalitis of probable Mycoplasma etiology, treated
with 2 g/kg/day of intravenous immunoglobulin (IVIG)
for 2 days and azithromycin for 8 days (first dose 10
mg/kg/day, then 5 mg/kg/day). After two weeks, the child
was discharged without complications. We follow up the
child for two years and it was uneventful.

Case 2.

A 12-year-old girl had a sore throat and cough treated with
azithromycin for 3 days. After 5 days, although apparently
improving, she spiked fevers for two days, treated with
paracetamol, followed by daily headache. She also had
episodes of panic attack. Hypotonia, sleepiness, and
tremor of her left and lower limbs were noticed. Two days
later, she was admitted to the hospital for further diagnos-

tic procedures. On admission, the patient presented poor
general condition, fever (37.5 °C), sleepiness, saturation
was 97% on room air, no signs of meningeal involvement,
isochoric and photo-reagent pupils. She presented tremor
during movements. The cranial nerves examination was
normal, as well as ocular funduscopy examination. Com-
plete blood count showed 14.100 white cells/mm? with
57% segmented neutrophils. Both C-reactive protein
(CRP) (12.6 mg/L- n.v. 0-5 mg/L) and erythrocyte sedi-
mentation rate (31 mm-n.v. 0-20) were slightly increased.
Throat culture was negative. Rheumatoid factor, ASLO
titer, immunoglobulins, IgA and IgG antigliadin antibod-
ies (AGA), IgA antiendomysial antibodies (EMA), anti-
cardiolipin antibodies, anti-phospholipid antibodies,
antinuclear antibodies and anti-DNA were absent. She
also underwent a sweat chloride test evaluation, electro-
cardiogram and cardiac echocardiography that were all
normal. Serum amino acid (including homocysteine),
serum ammonia and blood lactic acid were also normal.
AMA was 1/120 and ANA 1/180, ASMA was normal.

Tests for hepatitis viruses and HIV-1 were negative.
Rapid viral diagnostic tests for influenza, parainfluenza
and respiratory syncytial viruses were negative. Antibod-
ies for herpes simplex virus type 1 and 2, measles, cy-
tomegalovirus, influenza virus, mumps, Borrelia
burgdorferi were all negative. Serum IgG for My-
coplasma pneumonia was 1:1.112 and IgM was 1:2.357.

Brain MRI was normal. Electroencephalography
showed irregular background activity with slow waves in
the posterior regions. A mild asymmetry was present in-
consistently, slow components were prominent centrally
on the right side, and sharp waves were prominent on the
left side. Treatment with sodium valproate was initiated.

Cerebrospinal fluid examination was made (CSF):
protein 66 mg/dL, glucose 84mg/dL, chloride 799
mEq/L. PCR of the CFS was negative for CMV, EBYV,
HSV1, HSV2, Varicella, Enterovirus and positive for My-
coplasma pneumonia.

She was treated with 2 g/kg/day of intravenous im-
munoglobulin (IVIG) for 2 days andazithromycin for 7
days (first dose 10 mg/kg/day, then 5 mg/kg/day). At fol-
low up, electroencephalography (performed 1 month
later) revealed fewer epileptiform discharges, but the
background activity was slightly more irregular.

After six months, she developed a focal tonic clonic
seizure of the right arm and leg, followed by generalized
hypotonia lasting less than 10 minutes.

After 15 months, she developed a new seizure episode
lasting less than 1 minute affecting mainly the right focal
side. After two years of follow up no further clinical signs
were recorded.

DISCUSSION

Mycoplasma pneumonia is a common cause of respira-
tory tract infections and is more common in school-age
children and adolescents. The incubation period may vary
between 1 and 3 weeks*. Up to 40% of community-ac-
quired pneumonia in children admitted to the hospital are
attributed to M. pneumoniae infection®®. Although the
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infection is rarely lethal, patients of every age can de-
velop a severe and fulminant course'’. This bacterium can
cause extrapulmonary manifestations in up to 25% of
clinically evident Mycoplasma pneumonia infections and
may affect almost every organ, including the skin, blood,
cardiovascular, musculoskeletal, as well as the central
nervous system (CNS)!!. Of importance, the mechanism
can be either directly related to the pathogen or indirect-
lydue to an autoimmune-mediated mechanism. Approx-
imately 2.6 to 4.8% of patients affected by M.
pneumoniae have clinical neurological manifestations
such as encephalitis (30%), transverse myelitis (30%),
meningitis (20%), cranial nerves involvement (20%),
cerebellitis (14%), psychiatric changes (8%), stroke or
other events; of note, 67% of patients present previous
signs of airway infection'>"3. However, 20% of patients
with CNS findings have no preceding or concomitant di-
agnosis of respiratory infection>*%%13, Encephalitis is the
most frequent extrapulmonary complication of M. pneu-
moniae, presenting with fever, seizures, meningeal signs,
ataxia, focal neurologic deficits, and behavioral distur-
bance, ranging from minor changes to lethargy in the pe-
diatric population®!>1+19 Tt is estimated that between 5%
and 10% of acute childhood encephalitis in Europe and
North America is attributable to M. pneumoniae®, and
up to 60% of them show neurologic sequelae?®?!, Our
cases highlight the extreme variability of the clinical
symptoms associated with Mycoplasma pneumonia in-
fection, due to either a direct or an indirect autoimmune
mechanism. Further studies are needed to better clarify
the pathogenesis of these clinical events and the treat-
ment of these patients.

In fact, the pathogenesis of neurologic diseases asso-
ciated with Mycoplasma pneumonia is not fully eluci-
dated'®. Two pathogenetic mechanisms have been
proposed: direct damage at the level of the CNS by the
microorganism, with the presence of M. pneumoniae
DNA in the cerebrospinal fluid by PCR?'?5, and/or by
culture®?%; and an immune-mediated process, through
the potential action of antibodies on the CNS, along with
other immune factors!®!8,

The neuropsychiatric symptoms, seizures, cerebral in-
farction, stroke or other focal neurologic deficits could
be the expressions of CNS vasculitis. This phenomenon
involving the cerebral blood vessels can be the result of
direct pathogen invasion or an provoked by molecular
mimicry, immune complex deposition, secretion of cy-
tokines, and/or super antigen mediated responses®!. In-
trathecal antibodies can be detected by widely accessible
enzyme immunoassays (EIAs) or immunoblotting, while
intrathecal antibody synthesis can be established by cal-
culation of an antibody index?’.

Venancio et al?® have reported the case of a boy with
an encephalopathy associated with extrapyramidal and
psychiatric symptoms and anti-N-methyl-D-aspartate re-
ceptor antibodies. He had positive serum antithyroid an-
tibodies, IgM antibodies against Mycoplasma pneumonia
and human herpesvirus 7 polymerase chain reaction in
the cerebrospinal fluid. He was successfully treated with
rituximab, after steroids, intravenous immunoglobulin
and plasma exchange.

In another study?®, it was reported that intrathecal an-
tibodies to M. pneumoniae were found to cross-react with
galactocerebroside C (GalC) in 38% of M. pneumoniae
encephalitis cases.

DIAGNOSIS

Serologic diagnosis of Mycoplasma is doubtful and
sometimes of difficult interpretation. The utility of IgM
antibodies to M. pneumoniae varies with age; it is usually
positive in acute infection but may be negative in the
course of acute infection. Moreover, positive antibodies
may last for months!%°,

The diagnosis of neurological infection by M. pneumo-
niae is often very difficult, basedon the clinical history and
signs along with the diagnostic tests. CSF analysis usually
showsa moderate number of lympho-monocytes, high pro-
tein and normal glucose levels. The etiologic agent can be
found in these sites in about 2% of cases!?3!. For the diag-
nosis of M. pneumoniae infection in children with en-
cephalitis serology and polymerase chain reaction (PCR)
from throat samples (routine studies) are recommended™.
In the presence of a positive test result and/or respiratory
symptoms, PCR in cerebrospinal fluid is recommended!’.
Importantly, a negative result of M. pneumonia DNA in
the CSF does exclude its role in CNS involvement. M.
pneumoniae culture is not recommended for the diagnosis
of acute M. pneumoniae infection, because M. pneumoniae
requires special media and it needs weeks to grow**. The
diagnosis can also be made by serologic tests for IgM and
IgG antibodies to M. pneumoniae in paired (acute- and
convalescent-phase) serum samples. For the IgG study, it
may take at least 3 weeks for a relevant rise of IgG titers
in the acute infection®. As for IgM, it is fast and conven-
ient and the changes of serum titers are fairly consistent in
childhood during the acute phase®. For these reasons, M.
pneumoniae IgM test is commonly used in the screening
of pediatric patients when M. pneumoniae infection is sus-
pected. Higher M. pneumoniae IgM titers and longer in-
tervals between respiratory and CNS manifestations are
associated with worse outcomes?. Patients with relatively
low concentrations of IgM titers (<51.3 BU/mL) and
shorter intervals (<9.5 days), could have a lower immuno-
logical dysregulation leading to an inferior level of tissue
damage and sequelae?. If the interval is long and the IgM
titer is high, the consequences of induced/activated direct
and/or indirect immune attack might result in a poor prog-
nosis. These findings suggest that IgM titers and the inter-
val between respiratory illness and the onset of
neurological symptoms may be associated with a worse
outcome in patients with M. pneumonia encephalopathy?.

PCR and serology may be of limited value in the di-
agnosis of M. pneumoniae encephalitis because the high
prevalence of M. pneumoniae in the upper respiratory
tract of healthy children (up to 56%)¢3” makes it difficult
to distinguish between colonization and infection in a
clinically relevant time frame®¢; the detection of intrathe-
cal antibodies to M. pneumoniae, including cross-reactive
antibodies against GalC and gangliosides, may be re-
garded as a promising new diagnostic tool!°.
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Therefore, the routine diagnostic workup of M. pneu-
moniae encephalitis should aim at detecting M. pneumo-
niae antibodies in both CSF and serum, in addition to M.
pneumoniae PCR in CSF. Intrathecal antibodies can be de-
tected by widely accessible enzyme immunoassays (EIAs)
or immunoblotting, while their hypothesized role in the
pathogenesis let us speculateabout the use of immunomod-
ulatory treatment in M. pneumoniae encephalitis!®.

Finally, neuroimaging may reveal normal findings or
focal diffuse edema in cases of encephalitis or menin-
goencephalitis. A focal infarction may be seenin M. pneu-
moniae-related stroke®!3.

TREATMENT

It is important to establish the cause of encephalitis at an
early stage, in order to establish a tailored treatment.
Treatment of neurologic complications of M. pneumoniae
is controversial. Treatment approaches are based on an-
tibiotics, corticosteroids and intravenous immunoglobu-
lins. Plasma exchange has also been reported and seemed
to be beneficial!*4*414¢_ The antibiotic of choice to treat
the pulmonary infection in children is a macrolide, how-
ever, there is no consensus regarding the central nervous
system treatment. It is well know that such class of an-
tibiotic does not properly penetrate the blood brain bar-
rier*. However, because of its bacteriostatic and
immunomodulatory effect, it is considered as a treatment
option. In addition, the use of corticosteroids should al-
ways be considered since immunosuppression is needed
to counteract the detrimental effect of immunity in the
pathogenesis of CNS damage!s+,

PROGNOSIS

Long-term neurological problems have been reported in
20-60% of cases, with severe disease resulting in mental
retardation, brain atrophy, hydrocephalus, epilepsy, visual
changes, and global neurologic deficits with brainstem
dysfunction and cerebellar ataxia®. M. pneumoniae-re-
lated encephalitis in children is correlated with a high rate
of post-encephalitic epilepsy and refractory seizures*.
Lin et al* investigated clinical factors, electroen-
cephalography, and neuroradiologic features of M. pneu-
moniae-related encephalitis in a series of children with
post-encephalitic epilepsy to examine possible prognostic
factors. According to their study, risk factors for post-en-
cephalitic epilepsy are the presence of seizures during the
acute phase, especially recurrent seizures or status epilep-
ticus, and EEG abnormalities, including focal epilepti-
form discharges in initial EEG*.

CONCLUSIONS

M. pneumoniae infection is common in the pediatric age,
and therefore should be included in the differential diag-
nosis of neurologic problems in this population. The ap-
propriated identification of this atypical agent enables

more specific and early treatment. The mechanism of
damage caused by M. pneumoniae remains unclear. The
isolation of M. pneumoniae from the CSF undoubtedly
confirms the invasion of the CNS or, at least, of the CSF.

CONFLICT OF INTERESTS:
The Authors declare that they have no conflict of inter-
ests.

REFERENCES

1. Willoughby Jr RE. Encephalitis, meningoencephalitis, and post
infectious encephalomyelitis. In: Long SS, Pickering LK,
Prober CG, Editors. Principles and practice of pediatric infec-
tious diseases. Philadelphia: Elsevier Science, 2003; pp. 291-
292.

2. Hu CF, Wang CC, Chen SJ, Perng CL, Yang HY, Fan HC.
Prognostic values of a combination of intervals between res-
piratory illness and onset of neurological symptoms and ele-
vated serum IgM titers in Mycoplasma pneumoniae
encephalopathy. J Microbiol Immunol Infect 2014; 47: 497-
502.

3. Tsiodras S, Kelesidis I, Kelesidis T, Stamboulis E, Giamarellou
H. Central nervous system manifestations of Mycoplasma
pneumoniae infections. J Infect 2005; 51: 343-354.

4. Foy HM. Infections caused by Mycoplasma pneumoniae and
possible carrier state in different populations of patients. Clin
Infect Dis 1993; 17 Suppl 1: S37-S46.

5. Lind K, Benzon MW, Jensen JS, Clyde WA Jr. A seroepidemi-
ological study of Mycoplasma pneumoniae infections in Den-
mark over the 50-year period 1946-1995. Eur J Epidemiol
1997; 13: 581-86.

6. Michelow IC, Olsen K, Lozano J, Rollins NK, Duffy LB,
Ziegler T, Kauppila J, Leinonen M, McCracken GH Jr. Epi-
demiology and clinical characteristics of community-acquired
pneumonia in hospitalized children. Pediatrics 2004; 113: 701-
707.

7. Baer G, Engelcke G, Abele-Horn M, Schaad UB, Heininger
U. Role of Chlamydia pneumonia and Mycoplasma pneumo-
niae as causative agents of community-acquired pneumonia in
hospitalized children and adolescents. Eur J Clin Microbiol In-
fect Dis 2003; 22: 742-745.

8. Principi N, Esposito S, Blasi F, Allegra L, Mowgli study group.
Role of Mycoplasma pneumoniae and Chlamydia pneumoniae
in children with community-acquired lower respiratory tract
infections. Clin Infect Dis 2001; 32: 1281-1289.

9. Juven T, Mertsola J, Waris M, Leinonen M, Meurman O,
Roivainen M, Eskola J, Saikku P, Ruuskanen O. Etiology of
community acquired pneumonia in 254 hospitalized children.
Pediatr Infect Dis J 2000; 19: 293-298.

10. Meyer Sauteur PM, Jacobs BC, Spuesens EB, Jacobs E, Nadal
D, Vink C, van Rossum A. Antibody Responses to My-
coplasma pneumoniae: Role in Pathogenesis and Diagnosis of
Encephalitis? PLos Pathogens 2014; 10: e1003983.

11. Narita M. Pathogenesis of extrapulmonary manifestations of
Mycoplasma pneumoniae infection with special reference to
pneumonia. J Infect Chemother 2010; 16: 162-169.

12. Christie LJ, Honarmand S, Talkington DF, Gavali SS, Preas C,
Pan CY, Yagi S, Glaser CA. Pediatric encephalitis: what is the
role of Mycoplasma pneumoniae? Pediatrics 2007; 120: 305-
313.

13. Leonardi S, Pavone P, Rotolo N, La Rosa M. Stroke intwo chil-
dren with Mycoplasma pneumoniae infection. A causal or ca-
sual relationship? Pediatr Infect Dis J 2005; 24: 843-845.

14. Guleria R, Nisar N, Chawla TC, Biswas NR. Mycoplasma
pneumonia and central nervous system complications: a re-
view. J Lab Clin Med 2005; 146: 55-63.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32

MYCOPLASMA PNEUMONIAE INFECTION AND EPILEPSY: A REPORT ON TWO DIFFERENT CASES

Shibuya H, Osamura K, Hara K, Hisada T. Clinically mild en-
cephalitis/encephalopathy with a reversible splenial lesion due
to Mycoplasma pneumoniae infection. Intern Med 2012; 51:
1647-1648.

Simpkins A, Strickland SM, Oliver J, Murray DL, Steele JC,
Park YD, Sharma S. Complete resolution of advanced My-
coplasma pneumoniae encephalitis mimicking brain mass le-
sions: report of two pediatric cases and review of literature.
Neuropathology 2012; 32: 91-99.

Daxboeck F. Mycoplasma pneumoniae central nervous system
infections. Curr Opin Neurol 2006; 19: 374-378.

Narita M. Pathogenesis of neurologic manifestations of My-
coplasma pneumoniae infection. Pediatr Neurol 2009; 41: 159-
166.

Yimenicioglu S, Yakut A, Ekici A, Bora Carman K, Cagr1 Din-
leyici E. Mycoplasma Pneumoniae Infection with Neurologic
Complications. Iran J Pediatr 2014; 24: 647-651.

Bitnun A, Ford-Jones E, Blaser S, Richardson S. Mycoplasma
pneumoniae encephalitis. SeminPediatr Infect Dis 2003; 14:
96-107.

Bitnun A, Ford-Jones EL, Petric M, MacGregor D, Heurter H,
Nelson S, Johnson G, Richardson S. Acute childhood en-
cephalitis and Mycoplasma pneumoniae. Clin Infect Dis 2001;
32: 1674-1684.

Dionisio D, Valassina M, Mata S, Rossetti R, Vivarelli A, Es-
perti FC, Benvenuti M, Catalani C, Uberti M. Encephalitis
caused directly by Mycoplasma pneumoniae. Scand J Infect
Dis 1999; 31: 506-509.

Riedel K, Kempf VA, Bechtold A, Klimmer M. Acute dissem-
inated encephalomyelitis (ADEM) due to Mycoplasma pneu-
moniae infection in an adolescent. Infection 2001; 29:
240-242.

Narita M, Itakura O, Matsuzono Y, Togashi T. Analysis of my-
coplasmal central nervous system involvement by polymerase
chain reaction. Pediatr Infect Dis J 1995; 14: 236-237.

Socan M, Ravnic I, Bencina D, Dorc P, Zakotnik B, Jazbec J.
Neurological symptoms in patients whose cerebrospinal fluid
is culture and/or polymerase chain reaction-positive for My-
coplasma pneumoniae. Clin Infect Dis 2001; 32: E315.
Abramovitz P, Schvartzman P, Harel D, Lis I, Naot Y. Direct
invasion of the central nervous system by Mycoplasma pneu-
moniae: a report of two cases. J Infect Dis 1987; 155: 482-487.
Reiber H. Flow rate of cerebrospinal fluid (CSF)—a concept
common to normal blood-CSF barrier function and to dysfunc-
tion in neurological diseases. J Neurol Sci 1994; 122: 189-203.
Venancio P, Brito MJ, Pereira G, Vieira JP. Anti-N-methyl-D-
aspartate receptor encephalitis with positive serum antithyroid
antibodies, IgM antibodies against mycoplasma pneumoniae
and human herpesvirus 7 PCR in the CSF. Pediatr Infect Dis J
2014; 33: 882-883.

Christie LJ, Honarmand S, Yagi S, Ruiz S, Glaser CA. Anti-
galactocerebroside testing in Mycoplasma pneumoniae-asso-
ciated encephalitis. ] Neuroimmunol 2007; 189: 129-131.
Waites KB, Talkington DF. Mycoplasma pneumoniae and its
role as a human pathogen. Clin Microbiol Rev 2004; 17: 697-
728.

Cherry JD. Mycoplasma and ureaplasma infections. In: Feigin
RD, Cherry JD, Demmter-Harrison GJ, Kaplan SL. Textbook
of pediatric infectious diseases. 6th ed. Philadelphia: WB
Saunders, 2009; Vol. 2; pp. 2685-2714.

. Venkatesan A, Tunkel AR, Bloch KC, Lauring AS, Sejvar J,

Bitnun A, Stahl JP, Mailles A, Drebot M, Rupprecht CE, Yoder
J, Cope JR, Wilson MR, Whitley RJ, Sullivan J, Granerod J,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Jones C, Eastwood K, Ward KN, Durrheim DN, Solbrig MV,
Guo-Dong L, Glaser CA; International Encephalitis Consor-
tium. Case definitions, diagnostic algorithms, and priorities in
encephalitis: consensus statement of the international en-
cephalitis consortium. Clin Infect Dis 2013; 57: 1114-28.
Dorigo-Zetsma JW, Zaat SA, Wertheim-van Dillen PM, Span-
jaard L, Rijntjes J, van Waveren G, Jensen JS, Angulo AF,
Dankert J. Comparison of PCR, culture, and serological tests
for diagnosis of Mycoplasma pneumoniae respiratory tract in-
fection in children. J Clin Microbiol 1999; 37: 14¢7.
Ferwerda A, Moll HA, Groot RD. Respiratory tract infections
by Mycoplasma pneumoniae in children: a review of diagnos-
tic and therapeutic measures. Eur J Pediatr 2001; 160: 483e91.
Domenech C, Leveque N, Lina B, Najioullah F, Floret D. Role
of Mycoplasma pneumoniae in pediatric encephalitis. Eur J
Clin Microbiol Infect Dis 2009; 28: 91e4.

Spuesens EB, Fraaij PL, Visser EG, Hoogenboezem T, Hop
WC, van Adrichem LN, Weber F, Moll HA, Broekman B,
Berger MY, van Rijsoort-Vos T, van Belkum A, Schutten M,
Pas SD, Osterhaus AD, Hartwig NG, Vink C, van Rossum AM.
Carriage of Mycoplasma pneumoniae in the upper respiratory
tract of symptomatic and asymptomatic children: an observa-
tional study. PLoS Med 2013; 10: e1001444.

Wood PR, Hill VL, Burks ML, Peters JI, Singh H, Kannan TR,
Vale S, Cagle MP, Principe MF, Baseman JB, Brooks EG. My-
coplasma pneumoniae in children with acute and refractory
asthma. Ann Allergy Asthma Immunol 2013; 110: 328-34.el.
Monteyne P, Albert F, Weissbrich B, Zardini E, Ciardi M,
Cleator GM, Sindic CJ. The detection of intrathecal synthesis
of anti-herpes simplex IgG antibodies: comparison between an
antigen-mediated immunoblotting technique and antibody
index calculations. European Union Concerted Action on Virus
Meningitis and Encephalitis. J Med Virol 1997; 53: 324-331.
Granerod J, Cunningham R, Zuckerman M, Mutton K, Davies
NW, Walsh AL, Ward KN, Hilton DA, Ambrose HE, Clewley
JP, Morgan D, Lunn MP, Solomon T, Brown DW, Crowcroft
NS. Causality in acute encephalitis: defining aetiologies. Epi-
demiol Infect 2010; 138: 783-800.

Pavone P, Falsaperla R, De Silva K, Taibi R, Verrotti A, Tri-
filetti RR, Vitaliti G. Down syndrome and arterial ischemic
stroke in childhood: a potential immunologic link with selec-
tive IgG4 subclass deficiency. Eur J Paediatr Neurol 2014; 18:
520-525.

Cellucci T, Benseler SM. Central nervous system vasculitis in
children. Curr Opin Rheumatol 2010; 22: 590-597.
deLalibera IB, SilveiraGde A, Toma RK, Kuo JY, Troster EJ.
Meningoencephalitis associated with Mycoplasma pneumo-
niae. Einstein (Sdo Paulo) 2012; 10: 100-102.

Daxboeck F, Blacky A, Seidl R, Krause R, Assadian O. Diag-
nosis, treatment, and prognosis of Mycoplasma pneumoniae
childhood encephalitis: systematic review of 58 cases. J Child
Neurol 2004; 19: 865-871.

Lin JJ, Hsia SH, Wu CT, Wang HS, Lin KL. Mycoplasma
pneumoniae-related postencephalitic epilepsy in children.
Epilepsia 2011; 52: 1979-1985.

Koskiniemi M. CNS manifestations associated with My-
coplasma pneumonia infections: summary of cases at the Uni-
versity of Helsinki and review. Clin Infect Dis 1993; 17(Suppl
1): $52-57.

Socan M, Ravnik I, Bencina D, Dovc P, Zakotnik B, Jazbec J.
Neurological symptoms in patients whose cerebrospinal fluid
is culture and/or polymerase chain reaction-positive for My-
coplasma pneumoniae. Clin Infect Dis 2001; 32: e31-5.




