
Jundishapur J Microbiol. 2013 November; 6(9): e7523.                                                                                                              10.5812/jjm.7523  

Published online 2013 November 1. Research Article

Mycoplasma pneumonia in Cerebrospinal Fluids of Febrile Children With 
Neurologic Manifestations: A Cross Sectional Study, Tehran, Iran

Samileh Noorbakhsh 1,*, Vida Zarabi 1, Ahmad Reza Shamshiri 2, Azardokht Tabatabaei 1

1Research center of Pediatric Infectious Diseases, Tehran University of Medical Sciences,  Tehran, IR Iran2School of Public Health, Tehran University of Medical Sciences, Tehran, IR Iran
*Corresponding author: Samileh Noorbakhsh, Research Center of Pediatric Infectious Diseases, 4th floor, Hazrat Rasul Hospital, Niayesh Street, Satarkhan Avenue, Tehran, IR Iran. Tel: 
+98-2166525328, Fax: +98-2166516049, E-mail: samileh_noorbakhsh@yahoo.com; s-noorbakhsh@tums.ac.ir.

 Received: July 30, 2012; Revised: November 4, 2012; Accepted: December 15, 2012

Background: The clinical spectrum of Mycoplasma pneumoniae CNS diseases had a wide range. Encephalitis and meningoencephalitis are 
the most frequent neurological manifestations, but cases of optic neuritis, transverse myelitis, Guillain-Barré syndrome (GBS), etc. have 
been reported
Objectives: To determine the role of M. pneumonia (using PCR and serologically test) in Cerebro Spinal Fluid (CSF) in febrile children with 
neurologic manifestations (in comparison with normal CSF).
Materials and Methods: This cross sectional study was done in pediatric wards of Rasoul hospital in Tehran between 2008 - 2010 upon 
55 febrile cases with neurological signs and 10 controls with normal CSF (simple febrile seizure). The CSF samples tested for M. pneumonia 
DNA (PCR); and Immune Globulin G (IgG) level. Chi square values < 0.05 were considered statistically significant.
Results: Positive PCR found in 1 case with Guillan Barre syndrome (1/53; 2%) and none of controls; IgG-CSF level (Cut off 0.0025) had 
significant difference between cases and controls (Kappa = 0.27, P Value = 0.000). The lowest and highest IgG level observed in aseptic 
meningitis, and convulsive cases respectively. 73% sensitivity; 90% specificity; 100% Variance (PPV); 28.8% Net Present Value (NPV) determined 
for IgG-CSF test.
Conclusions: Even, very low amount of CSF-IgG with good specificity (90%); could differentiate cases and controls (P = 0.000). The CSF-IgG 
test (sensitivity 70%, NPV 28.8%) was weak for ruling out the M. pneumonia in cases. positive PCR was rare (2%) in CSF of cases and controls but 
is more reliable for diagnosing the recent M. pneumonia infection. We prefer to assay the CSF for both serology and PCR in highly suspicious 
cases. Anti-microbial or immune modulating therapies had possible benefits.
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Implication for health policy/practice/research/medical education:
Mycoplasma pneumoniae is a common cause of atypical pneumonia in children and young adults. CNS involvement is probably the most common site of 
involvement in addition to the respiratory system in childhood. The clinical spectrum of M. pneumoniae CNS involvement had a wide range.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Mycoplasma pneumonia is a common cause of typical 

pneumonia in children and young adults (1). Extra pul-
monary manifestations, with or without respiratory 
involvement reported (2). Cardiac involvement; hemato-
logic, skin, renal, gastro-intestinal, osteo-articular, neuro-
logic, and other manifestations have also been reported 
in literature. CNS involvement is probably the most com-
mon site of involvement in addition to the respiratory 
system in childhood. The clinical spectrum of M. pneu-
monia CNS diseases had a wide range. Encephalitis and 
meningoencephalitis are the most frequent neurological 
complications, but cases of optic neuritis, transverse my-
elitis, Guillain-Barré syndrome (GBS), etc. had reported. 
The exposure to M. pneumonia could have been a few 
months earlier (2, 3). 

The pathogenesis of CNS complications is not com-
pletely known and the treatment remains partly contro-

versial (2). Direct invasion, neurotoxin production, or an 
immune-mediated mechanism has been proposed (3-7). 
The incidence of CNS complications to M. pneumonia in-
fection increased during last decade. Up to 7% of patients 
with M. pneumonia may have CNS symptoms (8, 9). False 
positive and negative IgG antibodies in the serum are 
widely described and at this point it cannot be used to 
rule in or out for the lack of sensitivity and specificity (1-7) 
Polymerase chain reaction are available for definite diag-
nosis of M. pneumonia infection. 

The positive PCR in the serum and CSF are reliable for 
diagnosing the recent infection (10-14). M. pneumonia 
(DNA-PCR) was the most common agent implicated in 
unexplained encephalitis in the California Encephalitis 
Project (14). Many studies recommend various anti-mi-
crobial or immune modulating therapies in treating CNS 
manifestations of M. pneumonia (15-21).

Neurological manifestations (e.g. encephalitis, aseptic 
meningitis, focal neurologic signs) are very common in 
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admitted children in our country. Herpes simplex (HSV), 
Cytomegalovirus (CMV), Mumps, etc. infections reported 
in febrile children accompanied with neurologic signs 
(22-27). All the young Iranian population, potentially are 
susceptible for M. pneumonia respiratory infections and 
at risk for neurologic complications (15-18).

2. Objectives
The main goal of this study was to determine the role 

of M. pneumonia (PCR and serologically) in CSF of febrile 
children with neurologic manifestations and normal CSF.

3. Materials and Methods
A cross sectional study was done in Pediatric wards at 

Rasoul hospital in Tehran, Iran between 2008 –2010. This 
study was approved by the Ethical Committee in the Re-
search Center of Pediatric Infectious Diseases, Tehran 
University of Medical Sciences on 55 cases and 10 Con-
trols (normal CSF). Consent letter obtained from cases 
and controls. Initially a questionnaire was completed 
by an authorized physician, (e.g. Age, gender, analysis of 
CSF samples, etc.), followed by complete clinical exami-
nations. Neurologic findings, imaging changes (CT scan/
or MRI), final diagnosis issued. Neorologists observed CT 
scan and/or MRI and revealed results. 2 pediatricians did 
classification of disease according to neurologic signs 
and CSF changes (4).

3.1. Participants

3.1.1. Control Group
Children with proven simple febrile seizure (normal 

CSF).

3.1.2. Normal CSF
Normal Glucose, normal protein, WBC≤ 5 and negative 

tests for bacteria.

3.2. Cases
Out of 122 febrile ill children, 55 febrile cases with acute 

onset of neurological manifestations selected after com-
plete studies for excluding all confirmed causes of non-
infectious or bacterial meningitis; known infectious eti-
ologies (except M. pneumonia) as the exclusion criteria 
described below.

3.3. Inclusion Criteria
Febrile cases with acute onset of neurological presen-

tation (e.g. meningo encephalitis, encephalitis, aseptic 
meningitis; GBS; focal neurologic signs: optic neuritis, 
transverse myelitis, deafness, cerebellar ataxia) +/-CT or 
MRI changes +/abnormal CSF finding (4).

3.4. Abnormal CSF (Aseptic Meningoencephalitis)
At least 10 white blood cells/mm with mononuclear cell 

predominance; the absence of bacterial growth on cul-
ture/or negative universal bacterial PCR in the CSF, nega-
tive Latex particle agglutination/negative Gram stain for 
bacteria in CSF.

3.5. Exclusion Criteria
All confirmed cases with other noninfectious (tumor, 

vascular disease, ADEM); or known infectious etiologies 
(except M. pneumonia): bacterial meningitis, viral menin-
gitis; Measles, VZV, Mumps.

3.6. Lab Tests
Initially, CSF samples were examined microscopically 

for biochemical, total WBC and differential. Gram stain 
was performed on all CSF samples. After centrifugation, 
deposits were cultured on sheep blood agar, incubated in 
a candle jar at 37°C for 48 h, followed and sub cultured as 
standard techniques (1, 2). The BACTEC Ped Plus medium 
(Becton Dickenson, USA) and automated system was used 
(Bio Merieux, France), isolates were identified using stan-
dard techniques (1). Latex agglutination tests was done 
using the BD Directigen; Meningitis Combo Test (Becton 
Dickinson, USA). A Universal PCR assay for detection of 
Nisseria meningitides, Haemophilus influenza and Strepto-
coccus pneumonia used only on CSF samples suggesting 
negative bacterial meningitis with other tests (Culture, 
Gram stain, LPA) (1).

0.5-3 mL of CSF was collected and stored at 70°C. CSF-
M. Pneumonia antibody (IgG) level determined by using 
the ELISA kits (Medical-diagnostic, Germany, Hamburg) 
in 55 cases. Results were interpreted as suggested by the 
manufacturer. DNA extracted (Roche; Germany); and M. 
pneumonia-DNA searched in 53 CSF samples; (PCR- ELISA 
kits Roche, Germany).

3.7. Statistical Analysis
Quantitative variables were summarized as mean ± 

standard deviation (SD) and qualitative variables as 
count with percentage. Comparison between qualita-
tive variable and test results was assessed by chi-square 
test (or Fisher exact test if proper). Chi square values (CI 
95 %, P < 0.05) were considered statistically significant. 
The concordance percentage between CSF-IgG level and 
variables reported as actual agreement and the degree 
of agreement was reported as Cohen's kappa (κ) statistics 
(κ > 0.75, excellent agreement, κ < 0.4, poor agreement 
and κ between 0.4 and 0.75, fair to good agreement). A 
ROC curve was constructed to illustrate various cut-offs 
of CSF-IgG levels in differentiating between the presence 
and absence of neurologic manifestations. Statistical 
calculation was performed with SPSS statistical software 
(version 13; SPSS Inc.).
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4. Results
10 control samples were (simple febrile seizure) stud-

ied. 60% male; 40% female; aged between 10 months - 8 
years, mean age = 1 ± 2.43 years. CSF samples obtained in 
winter (50%, 5/10); autumn (30%, 3/10); spring (10%, 1/10); 
summer (10%, 1/10).

Out of 122 febrile ill children, 55 febrile cases with acute 
onset of neurological manifestations studied. 67% of cas-
es were male; 33% female; cases aged between 5 month to 
13 years, mean age = 3.84 ± 3.43 years (Figure 1). 20% (10/55) 
of samples obtained in spring (23%; 12/55); summer (32%; 
17/55); autumn and winter (25%; 13/55). 
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Figure 1. Age Distribution in Cases (Missed = 2)

Convulsion (65%; 28/55) was the most common neuro-
logic manifestation; loss of consciousness (33.3%; 17/55); 
aseptic meningitis (without encephalitis) reported in 
17.6% (9/55); focal neurologic signs 13.5% (7/55): GBS: 3; op-
tic neuritis: 1; transverse myelitis: 1; deafness: 1, cerebellar 
ataxia: 1. Positive PCR obtained from none of controls and 
2% of cases (1/53; missed = 2), a 5 years old boy with GBS. 
Positive CSF-IgG detected in 30/55 (84.6%) cases and 0/10 
in control. CSF-IgG level was higher in cases [0.08 ± 0.26 
versus 0.001 ± 0.001; P value: 0.02] with poor agreement 
(Kappa = 0.27) between 2 groups (Table 1). 

Area Under the Curve (AUC) for CSF-IgG was 0.876 (%95 
CI, 0.78–0.96, P Value = 0.000) (Figure 2). CSF-IgG level 
detected consequently: in convulsive cases (0.97 ± 0.28); 
GBS (0.21 ± 0.47), and other focal neurologic cases (0.18 ± 
0.47). Highest IgG level determined in cases with convul-
sion and focal neurologic manifestation (GBS; optic neu-
ritis; transverse myelitis, deafness, etc.); and lowest level 
seen in aseptic meningitis with significant difference be-
tween cases with and without aseptic meningitis (0.0067 
± 0.005 VS 0.97 ± 0.28; P value = 0.03). Except for aseptic 
meningitis, CSF-IgG level was not related to neurologic 

presentation in cases. 

Table 1. Comparison of IgG Level (0.0025) Between Cases and 
Controls

Cases Controls

Positive Negative Total Results

Positive 30 0 30 Actual agree-
ment = 61.54%

Negative 25 10 35 Chance agree-
ment = 47.34%

Total 55 (84.62%) 10 (15.38%) 65 KAPPA statistic 
= 0.2730
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Figure 2. Roc Curve for CSF-Antibody Level

Sensitivity, specificity, PPV, NPV of CSF-IgG antibody test 
(cut off 0.0025) was 73%; 90%; 100%; 28.8% respectively 
(Table 2). 

Table 2. Statistic Results forM. pneumoniaAntibody (IgG) Level 
in CSF

Variable CSF/M. pneumonia Anti-
body (IgG) Level

Cut off level 0.0025

Sensitivity, % 73%

Specificity, % 90%

Positive predictive value, % 100%

Negative predictive value, % 28.8%

Area under the ROC curve 0.87 (0.78 - 0.96)
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5. Discussion
Positive PCR had obtained in 2% (1/53; missed = 2) of stud-

ied cases, a 5 years old boy diagnosed as GBS. CSF-IgG level 
had 73% sensitivity and 90% specificity for differentiating 
the cases from controls (normal CSF). Presence of very 
low amount of M. pneumonia-IgG in CSF (0.0025) could in-
dicate M. pneumonia neurologic manifestations. 100% PPV 
for IgG-CSF level was good for diagnosis but 28.8% NPV was 
weak for ruling out the infection. In the state with high 
suspicion, PCR testing in serum or CSF might be helpful. 
Here, CSF-IgG (0.97 ± 0.28) were high in convulsive cases. 
Cases with encephalitis, GBS and focal neurologic signs 
(optic neuritis, etc.) had higher level of CSF-IgG antibod-
ies (P = 0.1; 0.9). M. pneumonia had not a prominent role 
in aseptic meningitis but probably a strong role in other 
cases (encephalitis, GBS and focal neurologic signs). Min-
imum CSF-IgG level was observed in cases with aseptic 
meningitis without encephalitis (P value: 0.03). Many 
studies defined the convulsion as common presentation 
sign in M .pneumonia induced encephalitis (1-5).

Similar to the present study, optic neuritis and encepha-
litis (but not aseptic meningitis) were common in at least 
three other studies (8, 11, 13). Suzuki et al. reported GBS as a 
common presentation after M. pneumonia infection (10). 
Results of present study is very close to 2% positive PCR 
reported by Christie et al. (14) and Candler et al. (3 cases:1 
encephalopathy;1 seizures;1 optic neuritis) (11).

In oppose to Gloria et al. (9) we did not find any role for 
M. pneumonia in aseptic meningitis (serologic and PCR 
assay). Trollier et al. defined the higher incidence (8.3%) 
of M. pneumonia meningoencephalitis during outbreaks 
(13). M. pneumonia was the most common agent implicat-
ed in unexplained encephalitis in the California Enceph-
alitis Project (14) M. pneumonia associated encephalitis 
had fewer seizures in compare with other causes (14). In 
all above studies positive CSF IgG in spite of negative PCR 
test reported. It might indicates that most neurologic 
complication of M. pneumonia (especially optic neuritis 
and encephalitis) are due to Para-infectious immune-me-
diated process or cytokine production in CSF rather than 
direct invasion by the microorganism (7).

There are major problems in diagnosis. How to inter-
pret the presence of an IgG or IgM, or DNA (PCR) in CSF? 
Is the presence of IgG in CSF just the product of the in-
creased permeability of the blood brain barrier? Does it 
means an acute process or the presence of a past infec-
tion or just exposure to M. pneumonia? The exposure to 
M. pneumonia could occur a few months earlier. A false 
positive and false negative of IgG antibodies in the serum 
is widely described and at this point it cannot be used to 
rule in or out for the lack of sensitivity and specificity. The 
presence of IgG in serum does not imply causation but 
might have more value in CSF (6, 7) the positive PCR in the 
serum and CSF are more reliable in diagnosing the recent 
infection (6, 7).

In Iran, before extensive use of the mumps vaccine in 
immunization program mumps was considered as one 
of the prevalent and important causes of pediatric me-
ningoencephalitis (250/100,000) (24). Other viral causes; 
Herpes simplex type-1 and cytomegalovirus reported 
7% and 1.5%, respectively (25-27). M. pneumonia infection 
may presents as asymptomatic, upper or lower respira-
tory infection (1). Most infection happens after 4th year 
of life in Iranian children (10-12). Up to 18 million young 
populations living in Iran, which are susceptible for M. 
pneumonia infection (respiratory and neurologic). It is 
expected that the yearly incidence of CNS diseases due to 
M. pneumonia would be much higher in developed coun-
tries. Neurologic complications might needs hospitaliza-
tion for diagnosis; decreasing their symptoms or specific 
treatment.

Pediatrician should be aware of the potential asso-
ciation between symptomatic M. pneumonia respiratory 
tract infection and several neurologic complications 
(e.g. convulsion, encephalitis, GBS, optic neuritis) but 
not aseptic meningitis. Although the positive PCR in CSF 
are very useful in cases, are insufficient .We prefer to test 
CSF from both serological and PCR aspect in highly suspi-
cious cases (18). Anti-microbial or immune modulating 
therapies (Corticosteroids, intravenous immunoglobu-
lin) had possible benefits in treating such complications 
(19-21).

Even, very low amount of CSF-IgG with good specificity 
(90%); could differentiate cases and controls (P value = 
0.000). The CSF-IgG test (sensitivity 70%, NPV 28.8%) was 
weak for ruling out the M. pneumonia in cases. Positive 
PCR was rare (2%) in CSF cases and controls but is more re-
liable for diagnosing the recent M. pneumonia infection. 
We prefer to assay the CSF for both serology and PCR in 
highly suspicious cases. Anti-microbial or immune mod-
ulating therapies had possible benefits.
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