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The Etiological Role of Parameningeal
Infections in Adult Patients with
Community-Acquired Acute Bacterial
Meningitis in Eastern Turkey

Tirkiye'nin Dogusunda Eriskinlerdeki Toplumdan
Edinilmis Akut Bakteriyel Menenjitlerde
Parameningiyal Enfeksiyonlarin Etiyolojideki Rolii

ABSTRACT Objective: To determine the etiological role of parameningeal infections in community-
acquired acute bacterial meningitis in adults. Material and Methods: This prospective study included
69 (45 males, 24 females; mean age 39.2+20.4 years, range: 14-76 years) patients with community ac-
quired acute bacterial meningitis hospitalized in the Department of Infectious Diseases and Clinical
Microbiology, Atatiirk University Medical School Hospital between December 2002 and December
2006. The diagnosis was based on the clinical pictures and physical examination, laboratory, and ra-
diological findings. Results: Fifty-five patients (79.7%) had at least one underlying medical condition;
55.1% had one or more parameningeal infections and 24.6% had another underlying disease. Among
the underlying medical conditions, paranasal sinusitis and otitis media were the most common; 23.2%
and 18.8%, respectively. The maxillary sinuses were the most common focus for sinusitis. Of the pa-
tients, 15.9% died during hospitalization. Five of the survivors (8.6%) had several complications and
3 (5.1%) had permanent neurological sequelae. The mean age of the fatal group (51.4+21.6 years)
was higher than that of the non-fatal group (36.9.+19.4 years, p=0.03). In univariate analysis, signif-
icant risk factors for mortality were older age, female gender, and deteriorated consciousness level.
Underlying medical conditions had no effect on mortality. In stepwise logistic regression analysis,
only the initial consciousness level and female gender were independently associated with mortal-
ity. Conclusion: Parameningeal infections are the major predisposing factor for community-acquired
bacterial meningitis in adults. In all cases of adult bacterial meningitis, parameningeal infections or
other underlying conditions should be investigated carefully and should be managed properly.

Key Words: Meningitis, bacterial

OZET Amag: Erigkinlerdeki toplum kaynakli akut bakteriyel menenjitlerde parameningiyal en-
feksiyonlarin etiyolojideki roliinii irdelemek. Gereg ve Yontemler: Bu prospektif ¢alismaya Aralik
2002 ve Aralik 2006 tarihleri arasinda Atatiirk Universitesi Tip Fakiiltesi Hastanesi Enfeksiyon Has-
taliklar1 Klinigi'nde yatarak tedavi géren 69 hasta (45 erkek, 24 kadin, ortalama yas 39.2 + 20.4 y1l,
yas araligi: 14-76 yil) dahil edilmigtir. Menenjit ve parameningiyal enfeksiyonlarin tamisi klinik
bulgular, fiziksel muayene bulgulari, laboratuvar sonuglari ve radyolojik bulgulara goére konulmu-
stur. Bulgular: Elli bes hastada (%79.7) menenjit i¢in altta yatan en az bir hazirlayic1 faktdr sap-
tand1. Bu hastalarin %55.1'inde bir veya daha fazla parameningiyal enfeksiyon saptanirken,
%24,6'sinda altta yatan bagka bir hazirlayici faktor bulundu. En sik saptanan hazirlayici faktor pa-
ranazal sintizit (%23.2) ve otitis media (%18,8) idi. Sintizit tanis1 almig hastalarda en sik tutulan si-
niisler maksiller siniislerdi. Yatis siiresi i¢inde hastalarin %15.9’u kaybedildi. Sag kalan hastalardan
5'inde (%8.6) gesitli komplikasyonlar ortaya ¢ikarken, 3 hastada (%5.1) kalic1 norolojik sekeller ge-
listi. Olen hastalarin yas ortalamasi (51.4 + 21.6 y1l) sag kalan hastalarinkinden (36.9. + 19.4 yil)
daha yiiksekti (p= 0.03). Tek degiskenli analizde ileri yas, kadin cinsiyet ve bozulmus biling diizeyi
mortalite i¢in anlaml risk faktorleri olarak saptandi. Altta yatan hazirlayici faktorlerin mortalite
tizerinde etkisi saptanmadi. Lojistik regresyon analizinde yalmizca baslangigtaki biling diizeyi ve
kadin cinsiyet mortalite i¢in bagimsiz risk faktorii olarak belirlendi. Sonug: Parameningiyal enfek-
siyonlar eriskinlerdeki toplumdan kazanilmis bakteriyel menenjitler i¢in en 6nemli hazirlayici fak-
tordir. Biitin erigskin bakteriyel menenjit olgularinda parameningiyal enfeksiyonlar ve altta yatan
diger hazirlayic1 faktorler dikkatlice aragtirilmali ve ortadan kaldirilmalidur.

Anahtar Kelimeler: Bakteriyel menenjit
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part from epidemics, at least 1.2 million ca-
Ases of bacterial meningitis are estimated to

occur each year; 135 000 of them are fatal.
These numbers have made bacterial meningitis a
top-ten infectious cause of death worldwide. Abo-
ut half the survivors have neurological and other
consequences of the disease.!® Because of the vac-
cine-related decline in meningitis due to H. influ-
enzae type b, the median age of patients with
meningitis has remarkably shifted to adulthood in
developed countries.*® However, in developing co-
untries, bacterial meningitis in adult age remains
to be a problem.>8

Pathogens causing bacterial meningitis reach
the subarachnoid space via three different routes: 1.
Bloodstream, 2. Spread from infections of surroun-
ding tissues (sinusitis, otitis media, mastoiditis), 3.
Directly from dural defect after trauma or surgical
procedures.*!?

Although bacterial spread via bloodstream has
been considered a major route, other routes also
have a considerable role in the emergence of bac-
terial meningitis.? In this study, we aimed to deter-
mine the frequency of parameningeal infections in
acute bacterial meningitis in adults.

I MATERIAL AND METHODS

This prospective study was run at the Department
of Infectious Disease and Clinical Microbiology
Atatiirk University Medical School, Erzurum, Tur-
key between December 2002 and December 2006.
The Atatiirk University Medical School has a 1200-
bed teaching hospital, which is areferral center in
the eastern part of Turkey. All community-acqui-
red acute bacterial meningitis patients at 14 years
of age or older were enrolled in the study. Patients
who were initially treated at other hospitals but
were transferred to this hospital for further therapy
were also included; patients with nosocomial me-
ningitis were excluded.

The diagnosis of bacterial meningitis was ba-
sed on clinical signs and/or symptoms consistent
with this infection and identification of a specific
bacterial pathogen in the cerebrospinal fluid (CSF)
culture. In culture negative cases, the diagnosis was
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based on the history of acute disease, presence of
clinical findings such as headache, fever and nuchal
rigidity, and typical CSF features including decre-
ased glucose level (<40 percent of simultaneously
measured serum glucose), increased protein con-
centration (>50 mg/dl), and pleocytosis with pre-
dominant polymorphonuclear cells.® All patients
were investigated for the presence of paramenin-
geal infections by medical history and physical, la-
boratory and radiological examinations.

The data on gender, age, duration of illness,
clinical manifestations, associated diseases, head in-
jury or neurosurgical procedures, laboratory fin-
dings, use of antibiotics, and outcome were
recorded and non-fatal and fatal cases were com-
pared.

The diagnosis of parameningeal infections was
based on the clinical pictures and physical exami-
nation, laboratory, and radiological findings. The
initial consciousness level was classified into thre-
e stages according to Glasgow Coma Scale (GCS)
score/: Stage I. Normal consciousness, GCS 15; Sta-
ge IL. Inattention, confusion, and clouding of cons-
ciousness, GCS score 10-14; Stage III. Comatose,
GCS score 3-9.

STATISTICAL ANALYSIS

Statistical analyses were performed on SPSS 13.0
for Windows, SPSS Inc, Chicago IL, USA. Compa-
risons between groups were made using the unpa-
ired Student’s t test for continuous variables and
the Pearson® or Fisher’s Exact Test for nominal va-
riables. The level of significance was 0.05. To assess
risk factors for mortality, multivariate analysis
using logistic regression was performed. Candidate
variables were entered using a backwards, stepwi-
se approach. Predictor variables were kept in the
final model if P<0.05.

I RESULTS

Sixty-nine patients with community-acquired acu-
te bacterial meningitis were hospitalized during the
study period. There were 45 (62.5%) male and 24
female (34.8%) patients. The mean age of the pati-
ents was 39.2 + 20.4 years (45.8 + 20.6 years in the
female, 35.7 + 19.6 years in the male, range, 14-79
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years). Six patients (8.7%) had a history of recur-
rent meningitis.

Fifty-five (79.7%) of the 69 patients had at le-
ast one underlying medical condition or predispo-
sing factors for acute bacterial meningitis, and 11
(15.9%) had two or more underlying medical con-
ditions (Table 1). The distribution of the underl-
ying conditions among the patients were as follows;
55.1% (38/69) had one or more (total: 44) parame-
ningeal infections, and 24.6% (17/69) had another
(total: 24) underlying disease. The remaining 14 pa-
tients (20.3%) had no underlying conditions. The
distribution of underlying conditions was shown
in Table 2. Table 3 shows the localizations of the
inflammation in 16 patients with paranasal sinusi-
tis.

In 15 (21.7%) patients, pathogen bacteria we-
re isolated from CSF cultures. Gram’s staining of
CSF revealed the microorganismin 8 (11.6%) pati-
ents. In the remaining patients (66.6%), no patho-
gens were identified. Streptococcus pneumoniae
was the most frequently isolated bacteria. Distri-
bution of the etiological agents was shown in Tab-
le 4. Thirty-nine patients (56.5%) received some
antibiotic therapy before admission. Only 2 (5.1%)
had positive CSF culture results. Blood cultures we-
re done for all 69 patients, and only 3 patients had
positive blood culture findings (1 S. pneumoniae, 1
Enterobacter aerogenes, 1 Escherichia coli). The
organisms grown in the blood cultures were iden-
tical to those grown in the CSF cultures.

Of the 6 patients with a recurrent meningitis
history, 2 had paranasal sinusitis, 2 otitis media, 1
CSF leakage and 1 a remote history of head trauma
as predisposing factors.

Eleven patients (15.9%) died during the hos-
pitalization period. Five of the survivors (8.6%) had

TABLE 1: Predisposing factors in patients with acute
bacterial meningitis.

n %
Patients with any predisposing factor 55 79.7
Patients with no predisposing factor 14 20.3
Patients with 2 or more predisposing factors 11 15.9

TABLE 2: The distribution of underlying conditions.
Parameningeal infection n % Other underlying medical condition n %
Paranasal sinusitis 16(23.2)  Headtrauma 9(13.0)
Otitis media 13(18.8)  Diabetes mellitus 4(5.8)
Mastoiditis 7{10.1)  Ventriculo-peritoneal shunt 3(4.3)
Pneumonia 4(5.8) Malignancy** 3(4.3)
Periodontal infection 2{29) CSF fistulae 2{2.9)
Endocarditis 1(1.4) Chronic subdural hematoma 1(1.4)
Tonsillopharyngitis 1{(1.4) Chronic renal failure 1(1.4)

Vertebral surgery* 1(1.4)
Total 44 Total 24

§ Metastasis of cranial bones in two cases, and maxillary osteosarcoma in one case,
*Occured more than two months before the onset of meningitis,
CSF: Cerebrospinal fluid.
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TABLE 3: Localization of paranasal sinusitis in
patients with acute bacterial meningitis.
Localization n %
Maxillary 7 437
Maxillary + frontal 1 6.2
Maxillary + ethmoid 1 6.2
Maxillary + sphenoid 1 6.2
Maxillary + ethmoid + sphenoid 1 6.2
Ethmoid 2 12.5
Frontal 1 6.2
Sphenoid 1 6.2
Pansinusitis (maxillary + ethmoid + frontal + sphenoid) 1 6.2
Maxillary sinusitis total 12 75
Ethmoid sinusitis total 5 31.2
Sphenoid sinusitis total 3 18.7
Frontal sinusitis total 3 18.7
Total patients with sinusitis 16 100
TABLE 4: Distribution of etiological agents.
n %

Cerebrospinal fluid cultures 15 217

Streptococcus pneumoniae 8

Escherichia coli 1

Enterobacter aerogenes 1

Enterococcus spp. 1

Haemophilus influenzae 1

Neisseria meningitidis 1

Staphylococcus epidermidis 1

Pseudomonas aeruginosa 1
Cerebrospinal fluid Gram staining 8 11.6

Gram positive cocci 7

Gram negative cocci 1
No etiological agent 46 66.6
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several complications (3 brain abscesses, 1 subdural
empyema, and 1 third nerve paralysis), and 3
(5.1%) had permanent neurological sequelae (2 had
hearing loss and 1 had strabismus). The mean age of
the fatal group (51.4 + 21.6 years) was higher than
that of the non-fatal group (36.9. + 19.4 years) (p=
0.03). In univariate analysis, the significant risk fac-
tors for mortality were older age, female gender
and deteriorated consciousness level.

Parameningeal infections and other underl-
ying medical conditions had no effect on mortality
in univariate analysis. Risk factors related to mor-
tality in patients with acute bacterial meningitis
were shown in Table 5. Variables used in the step-
wise logistic regression included age, gender, initi-
al consciousness level, presence of parameningeal
infection, and presence of other underlying medi-
cal conditions. The results showed that after consi-
dering all the above variables, female gender and
deteriorated consciousness level were indepen-
dently associated with mortality (Table 6).

I DISCUSSION

Acute bacterial meningitis is an important cause of
morbidity and mortality among adults in develo-
ping countries. Most of the cases have underlying
medical conditions such as otitis media, sinusitis,
pneumonia, endocarditis, head injury, neurosurgi-

cal procedures, immunodeficiency, diabetes melli-
tus (DM), alcoholism, and CSF leakage.!'!* Altho-
ugh age is the most important determinant of
pneumococcal meningitis, these patients often ha-
ve a pre-existing medical condition. Recognized
medical conditions include splenectomy, thalasse-
mia, sickle-cell disease, alcoholism, myeloma,
hypogammaglobulinemia, complement deficiency,
ear or sinus infections, and DM. 1014

In previous series, the rates of underlying me-
dical conditions or predisposing conditions were
between 48% and 75% in community-acquired
bacterial meningitis in adults."""'*!> The rate was
much higher (92%) in pneumococcal meningitis.'*
Although our series included meningitis due to va-
rious bacterial pathogens, 79.7% of our patients had
at least one underlying medical condition, which
is a striking finding. This higher rate was probably
due to the prospective nature of this study. Many
studies cited in this article were retrospective.

Meningitis sometimes emerges as a complica-
tion of paranasal sinusitis. However, most cases of
sinusitis are uncomplicated and occur in the out-
patient setting. In view of the common occurren-
ce of sinusitis and the rarity of complications, the
incidence is presumed to be low although precise
estimates are unavailable since many cases of sinu-
sitis do not present for medical treatment. In hos-

TABLE 5: Risk factors related to mortality in patients with acute bacterial meningitis.
Survivors (%) Deaths (%)
n=58 n=11 p
Age {years) 36.9+194 51.4+21.6 0.03
Sex (Male) 42/45 (93.3) 3/45 (6.7) 0.01
(Female) 16/24 (66.7) 8/24 (33.3)
White Bolood Cell 18 565 + 10 506 15418 + 6951 0.34
C-reactive protein 10.7+7.6 11.6+£9.4 0.71
Cerebrospinal fluid glucose(mg/dL) 38.3+27.7 27.9+23.0 0.24
Cerebrospinal fluid glucose protein (mg/dL) 263.6 £ 209.4 219.4 £ 156.9 0.5
Initial level of consciousness
Stage | 24/58 (41.4) 0/11 (0)
Stage Il 26/58 (44.8) 7111 (63.6) 0.02
Stage lll 8/58 (13.8) 4111 (36.4)
Parameningeal infection 32/58 (55.1) 6/11 (54.5) 1.0
Other underlying medical condition 20/58 (34.5) 4/11 (36.4) 1.0
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TABLE 6: Multivariate analysis of potential predictors in patients with acute bacterial meningitis.
Coefficient Standard error Wald statistic Degree of freedom  Odds ratio p
Age 1.054 0.791 1.776 1 2.870 0.18
Gender (female) 2.040 0.801 6.489 1 7.68 0.01
Parameningeal infection 0.639 0.870 0.539 1 1.09 0.46
Predisposing factor -101 1.099 0.008 1 0.92 0.92
Initial conscioushess level 1.487 0.605 6.036 1 4.42 0.01

pitalized patients with sinusitis, the reported rate
of intracranial complications varies from 3.7% to
47.6%. By selecting for severe sinus disease, these
series clearly overestimate the incidence of intrac-
ranial complications. Overall, sinus disease is the
presumed underlying cause of about 10% of intrac-
ranial suppuration. Most case series of complica-
ted sinusitis are in the surgical literature. Since
meningitis from sinusitis rarely requires surgery,
this complication might be under-represented in
these case series.”” Durand et al. reported parana-
sal sinusitis rate as 12% in community acquired
bacterial meningitis. In contrast to previous studi-
es, interestingly, the most frequent underlying
condition (23.2%) was paranasal sinusitis in our
study.®!"1? To our knowledge, this is the highest
reported rate.

Previous reports indicated that meningitis fol-
lowing sinusitis arose most often from ethmoid or
sphenoid sinusitis.'*'® Our study does not confirm
previous reports. In this study, the most common
type of sinusitis was maxillary, in 75% of the pati-
ents, followed by ethmoid (31.2%), sphenoid
(18.7%), and frontal (18.7%) sinusitis. The maxil-
lary sinuses were the only site of involvement in
43.8%, and concurrently involved with other sinu-
ses in 28.8% of meningitis cases with paranasal si-
nusitis. To our knowledge, this is the first clinical
study that demonstrates the high frequency of ma-
xillary sinusitis in cases with acute bacterial me-
ningitis.

Meningitis also emerges as a complication of
otitis media. In many studies, the major underlying
condition in bacterial meningitis was otitis media,
and reported rates were 21-26%.”'2'° The rate was
18.8% in our study. Both acute and chronic otitis

Turkiye Klinikleri ] Med Sci 2009;29(6)

media remain among the most common childhood
infectious diseases worldwide, affecting diverse ra-
cial and cultural groups in both developing and in-
dustrialized countries and most often occurring in
the first 5 years of life. Otitis media is associated
with considerable morbidity and can cause several
extra- and intra-cranial complications. The inci-
dence of intracranial complications of otitis media
has fallen from 2.3% in the pre-antibiotic era to a
considerably lower level between 0.04 and 0.15%.%
The most common intracranial complication of oti-
tis media is meningitis with a reported incidence
of 21-72% among all intracranial complications.”

The rate of total ear or sinus infections has be-
en reported as 52.7% in pneumococcal meningitis,
and 25% to 38% in all types of community acqui-
red bacterial meningitis.'*'*!> The corresponding
rate was 42% in our series. These two infections are
the leading predisposing conditions of commu-
nity-acquired bacterial meningitis in many series
as in ours.”'2!*!5 On the other hand, in two studies
from Taiwan, DM was the most common underl-
ying medical condition, occurring in 44% and
12.2% of cases.!"!® However, the low prevalence of
DM in our study (5.8%) is in agreement with the

results of studies from western countries.'>41

Another striking finding of this study was the
low identification rate of causative pathogen. The
CSF Gram’s stain is usually positive in 60-90% of
cases with acute bacterial meningitis.'* However,
the likelihood of detecting the microorganism by
Gram’s stain may decrease to 40-60% in patients
who have already received an antibiotic, and the
yield of CSF cultures similarly falls to below 50%
from 70-85 %.%** Two studies from Turkey have
also demonstrated low bacteriologic identification
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rates.”!® Preadmission parenteral antibiotic treat-
ment has been widely recommended as a signifi-
cant strategy to improve patient prognosis
whenever the diagnosis of bacterial meningitis is
suspected, particularly if lumbar puncture is not
considered safe. The reduction in bacterial concen-
tration following preliminary antibiotic treatment
decreases the diagnostic effectiveness of the Gram’s
stain and CSF culture.?*® In this study, 56.5% of
the patients received some antibiotic therapy befo-
re hospital admission, and only 5.1% had positive
culture results. However, in patients with no pre-
vious antibiotic therapy, positive culture results
were also lower (43.3%) compared to the results of
previous studies. The low bacteriological identifi-
cation rate may be attributed to delayed transport
of CSF samples to the laboratory, as well as admi-
nistration of antibiotics prior to admission. As in
our study, the leading cause of acute bacterial me-
ningitis in adults is S. pneumoniae.'* Because of low
identification rates, we could not compare etiolo-
gical agents between patients with parameningeal
infections and those with no exracranial infecti-
ons.

CSF leakage is significantly more common
among patients with recurrent meningitis than
among patients with single episodes of meningitis.'?
Only two of our cases had CSF leakage and one of
them had a history of recurrent bacterial meningi-
tis. Of the remaining patients with recurrent me-
ningitis history, four had paranasal infections and
one had a remote history of head trauma as predis-
posing factors. This result suggests that parame-
ningeal infections may be a predisposing factor for
recurrent bacterial meningitis, especially if they are
not treated properly.

In acute bacterial meningitis, up to 30% of sur-
vivors have long-term neurological sequelae, inc-
luding hearing loss and other focal neurological
deficits. The frequency of brain abscess is less than
1%.° Brain abscess is also a complication of otitis
media, and frontal and etmoid sinusitis.'*?' Geyik el
al. reported a high incidence (16.0%) of brain abs-
cess in otogenic meningitis.'® Our study revealed
relatively high incidence of brain abscess, parallel
to the rates in patients with otitis media and sinu-
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sitis. However, the frequency of long-term neuro-
logical sequelae was low (5.1%) among our survi-
ving patients.

The reported mortality rates of adult commu-
nity-acquired bacterial meningitis in large group
studies were 19-37%.%"12 Despite our low identifi-
cation rate of pathogen bacteria, mortality rate
(15.9 %) in this study was not high compared with
the rates reported in previous studies. This may be
attributed to the relatively younger age (mean 39.2
+ 20.4 years) and low rate of severely impaired
consciousness level on admission (of the patients,
17.4% were stage III). Age and initial conscious-
ness level are the well-known prognostic factors in
bacterial meningitis.”!?"> The results of our univa-
riate analysis confirm the findings of previous re-
ports. In addition, although the majority (62.5%)
of our patients was male, interestingly, the ratio of
female gender was significantly higher in the fatal
cases (Table 5).

In some studies, comorbidity has been repor-
ted as a poor prognostic factor for acute bacterial

1526 yan de Beek et al. repor-

meningitis in adults.
ted the presence of sinusitis or otitis as a risk factor
for an adverse outcome.'® Some studies have com-
bined conditions such as pneumonia, head trauma,
ear or sinus infections with malignant diseases or
immune disorders as underlying or predisposing
conditions and have not found an association with
adverse outcome in pneumococcal meningitis.?’-*
Kastenbauer analyzed all underlying medical con-
ditions separately and found that chronic debilita-
ting conditions and pneumonia were associated
with poor outcome.'* In contrast to van de Beek,
Kastenbauer did not find ear or sinus infections,
head trauma or CSF fistulae as adverse outcome
factors. Parameningeal infections and other underl-
ying conditions were not associated with mortality
in our study. Different parameters were also repor-
ted as prognostic factors in previous studies such as
CSF glucose and protein levels, erythrocyte sedi-
mentation rate, thrombocytopenia, and CSF white
blood cell count.”!3* We compared peripheral blo-
od white-cell count, C-Reactive Protein, CSF glu-
cose and protein levels of the fatal and non fatal
groups and no differences were detected. In our

Turkiye Klinikleri ] Med Sci 2009;29(6)
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study, multiple logistic regression analysis revealed
that only female gender and deteriorated initial
consciousness level were independently associated
with mortality. Higher mortality rate among fema-
le cases has not been reported previously.

S. pneumoniae and H. influenzae are major
pathogens in community-acquired bacterial me-
ningitis, otitis media, pneumonia, and sinusitis. Sin-
ce the introduction and widespread use of H.
influenzae type b vaccine in infancy and childho-
od in some countries, the epidemiology of commu-
nity-acquired bacterial meningitis has changed. S.
pneumoniae is now the most common cause in
children and adults overall although Neisseria me-
ningitidis is the etiological agent usually in patients
between 2-18 years.?** As in H. influenzae model,
the development of effective vaccines for S. pneu-
moniae and other etiological agents raises the ho-
pe of making bacterial meningitis largely a problem
of the past.

I CONCLUSION

The majority of community-acquired acute bacte-
rial meningitis in adults is secondary to extra-cra-
nial infections such as sinusitis or otitis media. In
order to reduce the incidence of the disease, the in-
cidence of parameningeal infections, especially oti-
tis media, must be reduced in childhood. In all
cases of adult bacterial meningitis, parameningeal
infections or other predisposing conditions should
be investigated carefully and should be managed
properly for a favorable outcome. In addition, early
diagnosis and effective treatment of these infecti-
ons will prevent emergence of bacterial meningi-
tis.
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