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Background: Neisseria meningitidis is one of the most significant bacterial infections in
children and adolescents. As transplacental antibodies in the circulation grad-
ually decline, the prevalence of meningococcal disease among young infants
is high, and often presents an invasive clinical manifestation. The purpose of
the study was to investigate the clinical spectrum of meningococcal infection
in young infants.

Methods: We retrospectively reviewed of the medical charts and analyzed the clinical
characteristics and outcomes of 10 infants younger than 6 months old with
meningococcal disease at the Chang Gung Children’s Hospital from 1994
through 2004.

Results: A total of 10 male infants with a mean onset age of 2.9 1.79 months old
were enrolled. All patients presented initial symptoms of fever and decreased
activity. Seizure attack was noted in six cases, and only three patients had
purpuric or petechial rash. Laboratory findings reflected pyogenic infection
including elevated C-reactive protein (159.1 108.8 mg/L), pleocytosis
(791.11 660.83/µL), high protein levels (190.43 157.91 g/dl) and
hypoglycorrhachia (28 20.89 mg/dl) in the cerebrospinal fluid. Seven
cases presented meningitis; among those, N. meningitidis was isolated from
blood in two cases. Three of the remaining patients had meningococcemia.
Penicillin was the most common drug of choice; cephalosporin was the alter-
native. Prolonged antimicrobial therapy (range, 14 to 42 days) was pre-
scribed in six patients complicated with subdural empyema. No deaths were
documented. During long-term follow up, two patients developed mental
retardation, and one of those two also had epilepsy. Both of them had lower
birth body weight, altered initial conscious level, leukocytopenia and subdur-
al empyema with encephalomalacia on brain images. One had insufficient
therapy and another one was infected by a penicillin resistant strain.

Conclusions: Clinicians should be aware of meningococcal infection in young infants
because the initial presentations may be difficult to distinguish from viral
syndrome, and may rapidly progress to clinical deterioration. Patients with
subdural empyema required prolonged courses of antimicrobial therapy.
Brain images confirmed the presence of encephalomalacia which increased
the risk of permanent neurologic deficit.
(Chang Gung Med J 2006;29:107-13)

Key words: Neisseria meningitidis, subdural empyema, encephalomalacia.

From the Department of Pediatrics, Division of Neonatology; 1Department of Dentistry, Chang Gung Children’s Hospital and
Chang Gung University, Taipei.
Received: Apr. 20, 2005; Accepted: Nov. 18, 2005
Correspondence to: Dr. Shih-Ming Chu, Department of Pediatrics, Division of Neonatology, Chang Gung Children’s Hospital. 5
Fushing Street, Gueishan Shiang, Taoyuan, Taiwan 333, R.O.C. Tel.: 886-3-3281200 ext. 8203; Fax: 886-3-3288957; E-mail:
kz6479@cgmh.org.tw

107Original Article



Chang Gung Med J Vol. 29 No. 1
January-Fabruary 2006

Hsuan-Rong Huang, et al
Meningococcal infection in young infants 

108

Despite effective antibiotics and vaccinations,
Neisseria meningitidis is still a leading cause of

meningitis and sepsis in healthy individuals world-
wide. It remains a major health problem due to epi-
demic outbreaks as well as endemic disease. In the
United States, the incidence was estimated at around
0.8 to 1.3/100000.(1) Owing to the presence of
transplacental antibodies to N. meningitidis, the
prevalence in neonates is low.(2) As the antibodies
gradually decline, a peak incidence is demonstrated
between 1 and 6 months of life, followed by adoles-
cents and college students living in dormitories.(3)

Invasive diseases are the most common among
young children with the fatality rate of 10 to 20%.(4,5)

The purpose of this study was to investigate the clin-
ical spectrum of meningococcal infection in young
infants in order to reduce the mortality and morbidity
rates.

METHODS 

We retrospectively reviewed the medical charts
for N. meningitidis in young infants from 1994
through 2004 at Chang Gung Children’s Hospital.
Patients were identified as infants at ages younger
than 6 months. Patients with meningococcal disease
met the following criteria: culture positive for N.
meningitidis in the sterile body fluid, e.g. blood,
cerebrospinal fluid and synovial fluid. Demographic
data and clinical manifestations were recorded.
Laboratory values, microbiologic findings, and
serotypes were collected. Treatment modalities, com-
plications, and outcomes were analyzed.

RESULTS 

Data of patient’s characteristics
A total of 10 infant boys were enrolled during

the 10-year study. The mean age of onset was 2.9 
1.79 months. Most of them (80%) were full-term
babies without systemic disease or history of previ-
ous admission. The mean birth body weight was
2797 644.84 g. No identified history of contact
was demonstrated, however, two patients had aborig-
inal ancestry.

Clinical presentations and physical findings
All of the 10 infants had initial symptoms with

fever and decreased activity. Three children had

altered conscious level to drowsy status, and four
patients suffered from vomiting. Seizure attacks
occurred in six patients, and none of the patients had
focal neurological sign, such as hemi-paresis or
hemi-paralysis. Only three patients had skin manifes-
tations with purpuric or petechial rashes. One patient
had septic shock resuscitated by inotropic agent and
three patients required ventilator support for respira-
tory distress.

Laboratory values and microbiologic findings
Three patients had leukocytosis (white blood

cell count more than 15000/µL) and another three
patients had leukocytopenia (white blood cell count
less than 5000/µL). The mean white blood cell count
was 10300 7484/µL. Anemia (hemoglobin less
than 8 g/dl) was found in two patients, and three
patients had thrombocytopenia (platelet count less
than 100000/µL). The mean value of hemoglobin
and platelet count was 9.02 1.57 g/dl and
245500/µL, respectively. Coagulation studies were
obtained in five patients on admission, and four of
them had prolonged partial thromboplastin time
(PTT) and prothombin time (PT). The mean value of
C-reactive protein was 159.1 108.8 mg/L. Studies
of cerebrospinal fluid (CSF) were obtained in all
cases which disclosed pleocytosis (791.11 
660.83/µL), raised protein levels (190.43 157.91
g/dl) and hypoglycorrhachia (2 8 20.89 mg/dl). N.
meningitidis was isolated in five patients (50%) from
blood cultures and seven patients (70%) from CSF
cultures, respectively. Both blood cultures and CSF
cultures yielded N. meningitidis growth in two cases
(20%). Serogroups were available for five of 10 iso-
lates. Serogroup B was isolated in three patients and
serogroup W135 was categorized in another two
patients. Clinical characteristics and laboratory val-
ues are shown in Table 1.

Managements and outcomes
The treatment modalities were at the discretion

of the individuals attending to each admission.
Penicillin was the most common drug of choice
(70%). The third-generation cephalosporin was an
alternative treatment regimen. According to the sen-
sitivity test, only one was a penicillin resistant strain.
Therapy was continued for 7 to 10 days in three
patients with meningococcemia and 1 patient with
meningitis without complications. Prolonged antibi-
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otic treatments (range, 14 to 42 days) were pre-
scribed in six patients complicated with subdural
empyema confirmed by the results of brain echo and
computed tomography (CT). One patient received
craniotomy for drainage. No deaths were document-
ed at our institution under aggressive resuscitations
and appropriate antibiotics treatments. The mean
hospital stay was 25.5 13.05 days.

Long-term follow up
In this study, Case 1 and case 6 were diagnosed

with mental retardation (20%) during long-term fol-
low up. Case 6 was also complicated with epilepsy.
In comparison with those without sequelae, both of
them had low birth body weight (2050 g and 2000
g), altered initial conscious level, and leukocytope-
nia. In addition, they sustained subdural empyema;

unlike case 6 who completed cefotaxime for 6
weeks, case 1 received insufficient therapy with
aqua-penicillin for only 2 weeks. However, case 6
was infected by a penicillin resistant strain.
Encephalomalacia was a concomitant finding on
brain CT. Table 2 depicts the complications, treat-
ment modalities and outcomes of the 10 infants with
meningococcal infections.

DISCUSSION

The incidence of meningococcal disease is the
highest during the first year of life.(1) The pathogene-
ses include the gradual declined of transplacental
antibodies beyond 6 months of age and immature
development of self immunity.(3) The other presump-
tions of victims are no nature immunity to N. menin-

Table 1. Demographic Data, Clinical Manifestations, and Laboratory Values of 10 Infants with Meningococcal Infection

Case Gender Age GA BBW Presentation WBC Hb PLT CRP Serotype

1 Male 1 m/o Full term 2050 fever for 1 day, altered conscious level, seizure 2700 10.3 200000 118
2 Male 5 m/o Full term 3280 fever for 1 day, vomiting, seizure 16200 10.3 348000 176
3 Male 2 m/o Full term 2800 fever for 1 day, purpura, shock 3800 8.2 15000 189.2 W135
4 Male 2 m/o Full term 3360 fever for 1 day, vomiting, seizure 10800 10 483000 4 B
5 Male 6 m/o Full term 3360 fever for 1 day vomiting 5900 9.8 241000 361.8 W135
6 Male 2 m/o Preterm 2000 fever for 7 days, altered conscious level, vomiting, seizure 3000 7.3 158000 273
7 Male 2 m/o Preterm 2000 fever for 1 day, altered conscious level, purpura, seizure 10100 11.1 100000 164.7 B
8 Male 1 m/o Full term 2700 fever for 1 day 7300 9 363000 3.1 B
9 Male 5 m/o Full term 3800 fever for 2 days, purpura 25600 6.1 87000 127.6

10 Male 3 m/o Full term 2620 fever for 1 day, seizure 17600 8.1 460000 173.3

Abbreviations: m/o: months old; GA: gestational age; BBW: birth body weight (g); WBC: while blood cell count (/mm3); Hb: hemoglobin (g/dl); PLT: platelet
count (/mm3); CRP: C-reactive protein (mg/l).

Table 2. Diagnosis, Complications, Treatment Modalities and Outcomes of 10 Infants with Meningococcal Infection

Case Diagnosis Complication Treatment Susceptibility test Outcome

1 Meningitis Subdural empyema Aq-PCN for 14 days Sensitivity to Aq-PCN Mental retardation
Encephalomalacia

2 Meningitis Subdural empyema Aq-PCN for 34 days Sensitivity to Aq-PCN
3 Meningitis with Subdural empyema Aq-PCN for 26 days Sensitivity to Aq-PCN

Meningococcemia
4 Meningitis Aq-PCN for 7 days Sensitivity to Aq-PCN
5 Meningitis Subdural empyema Ceftriaxone for 14 days Sensitivity to Aq-PCN
6 Meningitis with Subdural empyema Cefotaxime for 42 days Resistance to Aq-PCN Mental retardation

Meningococcemia Encephalomalacia epilepsy
7 Meningococcemia Cefotaxime for 10 days Sensitivity to Aq-PCN
8 Meningococcemia Aq-PCN for 7 days Sensitivity to Aq-PCN
9 Meningococcemia Aq-PCN for 7 days Sensitivity to Aq-PCN

10 Meningitis Subdural empyema Aq-PCN for 42 days Sensitivity to Aq-PCN
Craniotomy

Abbreviations: Aq-PCN: aqua-penicillin.
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gitidis of the mother before pregnancy or lower lev-
els of terminal complement components that result in
impaired function of phagocytosis.(2,6,7) Male predom-
inance was documented in our study which is consis-
tent with previous estimated epidemiologic data.
Although no history of contact was identified, we
emphasize that thorough interrogation of each
patient’s history provides essential information for a
correct diagnosis. The carriage rate of nasopharyn-
geal colonization is 5-10% and it is higher in crowd-
ed conditions and low socioeconomic status. The
organisms are transmitted from person to person by
aerosolization or direct contact with respiratory
secretions, and then invade by penetration through
mucosa into the bloodstream and cerebrospinal
fluid.(3) Individuals with underlying immune defects,
such as deficiency of terminal complement compo-
nents or properdin, agamma or hypogammaglobu-
linemia, and asplenia are at increased risks for
meningococcal disease. The other predisposing fac-
tors are crowded living conditions, lower socioeco-
nomic status, exposure to tobacco smoke, and con-
current viral infection.(8,9) In addition, there is
increased risk of infection in the persons who have
close contact with a patient with meningococcal dis-
ease,(9) and chemoprophylaxis are recommended as
soon as possible for the household, daycare center or
health worker who has had contact with the patient’s
secretions during the 7 days prior to the onset of
symptoms.(4)

The clinical symptoms of meningococcal dis-
ease range from fever to meningitis or fulminant sep-
sis. All of our 10 patients had initial presentations of
fever and decreased activity which may mimic viral
illness and result in delayed diagnosis. The most
common manifestation was meningitis (70%) in our
study, in which patients presented with vomiting and
seizure attacks. In addition to symptoms of increas-
ing intracranial pressure, a bulging fontanel is also a
clue for CNS infection.(3) Although N. meningitidis
can be isolated from the bloodstream in up to three
quarters of patients, meningococcemia occurs in only
5 to 20% of patients. Three patients (30%) with
meningococcemia had uneventful hospitalization,
but sometimes it may progress rapidly to purpura ful-
minans, disseminated intravascular coagulation
(DIC), hemodynamic collapse, adrenal hemorrhage
or multi-organ failure.(3) Few of our patients (30%)
had purpuric or petechial rash; among those, one had

fulminate hospital course presenting with hypoten-
sion and respiratory failure. Finally, the patient was
diagnosed with meningitis with meningococcemia.
To our knowledge, cutaneous manifestation is often
the first sign that leads to the clinical consideration
of meningococcemia. However, purpura due to
meningococcal infection during the neonatal period
is rare, and only a few cases have been reported.(10-12)

Clinicians should still be aware of meningococcal
infection in the presentation of purpura in the young
infants.(13,14)

The laboratory findings in severe bacterial
infections including leukocytopenia, leukocytosis,
thrombocytopenia, and elevated C-reactive protein
have also been observed. Examination of CSF
reflected pyogenic meningitis which disclosed pleo-
cytosis, raised protein levels and hypoglycorrhachia.
Coagulopathy was a distinguishing feature.
Production of inflammatory cytokine and activation
of both extrinsic and intrinsic pathways of coagula-
tion in patients with meningococcal disease could
result in capillary leakage and DIC.(15) Prolonged
PTT, low serum fibrinogen concentrations, low lev-
els of protein C and antithrombin III are associated
with significant morbidity or mortality in patients
with invasive meningococcal disease.(5,16) Serologic
grouping is attributed to the outer polysaccharide
capsule of N. meningitidis, and at least 13 different
serogroups have been identified. Groups A, B, C, Y,
and W-135 are the major pathogens involved in
human disease.(3) For the patients treated at our insti-
tution, the most common serogroup identified was
type B, followed by serogroup W-135. Researchers
found a higher proportion of serogroup B disease
occurred in children younger than 2 years, whereas
serogroup C was relatively more common in older
children, adolescents, and adults.(1) In previously
published reports in the literature, researchers
described frequent extrameningeal complications in
cases of serogroup W-135 infection,(17,18) but there
was no extrameningeal involvement in our study.

Penicillin remains the first choice of antimicro-
bial regimen in meningococcal disease with lower
resistant rate. Cefotaxime and ceftriaxone are accept-
able alternatives. Therapy in three patients with
meningococcemia relied on the recommended dura-
tion of 5-7 days, and none relapsed or had subse-
quent complications. However, prolonged antibiotic
treatments (range, 14 to 42 days) were required in six
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patients with meningitis complicated with subdural
empyema. Subdural effusion occurs in approximate-
ly 20% to 30% of infants with meningitis. Subdural
effusion is commonly seen in patients with H.
influenzae type b meningitis and infrequently in
patients with meningococcal meningitis. Approxi-
mately 1% of patients developed subdural empyema.
Brain images including CT and MRI can distinguish
between effusion and empyema, with the latter
requiring prolonged antibiotics course and drainage.
In our observations, meningitis in young infants was
usually complicated with subdural empyema which
was confirmed on brain CT. Only one patient
received prolonged therapy for 6 weeks combined
with craniotomy for drainage. Another one with sub-
dural empyema was treated for 2 weeks with antibi-
otics, but subsequently developed long-term sequela.
The optimal duration of antimicrobial therapy for
subdural empyema is uncertain. Parenteral antimi-
crobial therapy is recommended to be continued for
at least 3 weeks after neurosurgery, and then fol-
lowed by 3 weeks of oral therapy. A longer parenter-
al course, typically 6 weeks, is necessary in patients
without drainage procedures. In infants, conservative
treatment may be sufficient, and surgery is requisite
when patients have evidence of mass effects or med-
ical failure.(19)

Sequelae occur in approximately 10% of
patients with meningococcal meningitis, and perma-
nent neurologic deficits include hearing loss, seizure,
hydrocephalus and development delays. The pre-
sumptive factors associated with our two patients
with sequelae were insufficient antibiotic therapy for
subdural empyema and infection by a penicillin
resistant strain. The appearance of encephalomalacia
on brain images was a poor prognostic factor for
developing permanent neurologic deficits.(19,20)

Recently, the strategy for control of meningo-
coccal disease is routine immunization with quadri-
valent polysaccharide vaccine which contains
serogroups A, C, Y and W135. However, the limits
of the vaccine include no effective immunity among
children younger than 2 year-old, and no inclusion of
serogroup B which is the predominant cause of
endemic meningococcal disease among young chil-
dren. Development of capsular polysaccharide-pro-
tein conjugate vaccines for the prevention of
serogroup B infection as well as a vaccine effective
among infants is important for the comprehensive

control of meningococcal disease.(21-24)
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