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ABSTRACT

BACKGROUND AND PURPOSE: Group B Streptococcus and Escherichia coli (E coli) are the 2 most common causes of bacterial meningitis
in neonates. The purpose of this study was to determine whether CSF and/or MR imaging findings differ between infants with group B
streptococcal or E coli meningitis.

MATERIALS AND METHODS: A retrospective review was performed among neonates (younger than 28 days) and infants (younger than
120 days) with proved group B streptococcal (n � 57) or E coli meningitis (n � 50). A CSF or blood culture positive for Streptococcus or E
coli and an elevated CSF white blood cell count were used as the criterion standard. Independent, blinded review of brain MRIs obtained
within 21 days of presentation were performed by 2 board-certified neuroradiologists. CSF laboratory values and MR imaging findings were
compared between the groups.

RESULTS: There was no statistically significant difference between the mean age at presentation for patients with group B streptococcal
(40 days; range, 2–111 days) versus patients with E coli meningitis (31 days; range, 12–115 days) (P � .18). There was no statistically significant
difference in the CSF white blood cell count, glucose, or protein. There was a significant difference between group B streptococcal and E
coli meningitis in the frequency of hydrocephalus (0% versus 22%, P � .001) and infarct (40% versus 14%; P � .038), respectively. There was
no statistically significant difference in leptomeningeal enhancement, cerebritis, ventriculitis, abscess/granuloma, subdural effusion,
extra-axial purulent material, intraventricular purulent material, hemorrhage, and sinus thrombosis.

CONCLUSIONS: Although neonates and infants with group B streptococcal or E coli meningitis had similar age and CSF laboratory values,
patients with group B streptococcal meningitis more frequently demonstrated infarcts, while those with E coli meningitis more frequently
had early onset of hydrocephalus.

ABBREVIATIONS: GBS � group B Streptococcus; WBC � white blood cell

Bacterial meningitis is an inflammation of the meninges affect-

ing the pia, arachnoid, and subarachnoid space in response to

bacteria and bacterial products. Despite an array of antibiotics,

neonatal meningitis remains a devastating disease. In developed

countries, the incidence of culture-proved neonatal meningitis is

estimated at 0.3 per 1000 live births.1 In the modern era, the mor-

tality is approximately 10%, and survivors remain at high risk for

neurologic sequelae.2,3 In neonates, the most common pathogens

are group B Streptococcus (GBS) and Escherichia coli (E coli).2,4,5

Although early-onset GBS meningitis has decreased by two-thirds

following the institution of intrapartum antibiotic prophylaxis,

late-onset GBS remains a major cause of bacterial meningitis in

infants.6

Neonates and infants may present with a wide range of non-

specific clinical symptoms of meningitis, including fever, hypo-

thermia, irritability, poor feeding, bulging fontanelle, and seizure.

A lumbar puncture is necessary for definitive diagnosis of bacte-

rial meningitis. Typical CSF findings in bacterial meningitis in-

clude elevated white blood cell (WBC) count, predominance of

polymorphonuclear leukocytes, reduced glucose levels, and ele-

vated protein levels.7

Neonates with bacterial meningitis will routinely have an MR

imaging of the brain to assess complications, which can include

abscess, empyema, infarct, and hydrocephalus. Detection of

complications from meningitis is necessary in the management

of these patients to assess the need for abscess or empyema
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drainage and ventricular shunting as well as for assessment of

parenchymal injury.

A previous report on infants with meningitis indicated a po-

tential trend for different complications depending on the patho-

gen.8 The purpose of this research was to determine whether CSF

and/or MR imaging findings differ between neonates and infants

with GBS or E coli meningitis.

MATERIALS AND METHODS
Following institutional review board approval from Texas Chil-

dren’s Hospital and Indiana University Riley Children’s Hospital,

a multicenter retrospective review was performed from 2011 to

2018 among neonates (younger than 28 days) and infants

(younger than 120 days) with culture-confirmed GBS (n � 57) or

E coli meningitis (n � 50). Diagnosis of GBS or E coli meningitis

was determined by a CSF culture positive for either Streptococcus

or E coli, or a blood culture positive for Streptococcus or E coli

combined with an elevated CSF WBC count (�20 WBC/�L for

neonates younger than 30 days of age, �9 WBC/�L for 30 –90

days of age, and �6 WBC/�L for older than 90 days of age).9

The CSF WBC count per �L, corrected WBC count per �L,

red blood cell (RBC) count per �L, glucose (mg/dL), and total

protein (mg/dL) obtained within 7 days of presentation were re-

corded. Corrected WBC count was obtained by dividing the red

blood cell count by 500 and subtracting this value from the WBC

count. Patients with immunodeficiency, malignancy, or intracra-

nial shunt were excluded. The electronic medical record was re-

viewed to determine patient age at presentation, duration from

presentation to initial CSF obtained by lumbar puncture, dura-

tion from presentation to initial MR imaging, prematurity (�37

weeks’ gestation), and history of a ventriculoperitoneal shunt

procedure.

MR imaging of the brain was performed in all patients on 1.5 T

and 3T MR imaging scanners using precontrast axial and sagittal

T1-weighted turbo spin-echo, axial FLAIR, axial and coronal T2-

weighted, axial gradient-echo, axial diffusion-weighted, and post-

contrast axial and coronal T1-weighted turbo spin-echo imaging.

Retrospective independent blinded reviews of brain MRIs

were performed within 21 days of presentation by 2 board-certi-

fied neuroradiologists (S.F.K., M.K.K.) with 7 and 9 years of ex-

perience, respectively, for the presence of the following: lepto-

meningeal enhancement, cerebritis, ependymal enhancement,

hydrocephalus, abscess/granuloma, subdural effusion, infarct,

hemorrhage, extra-axial purulent material, intraventricular pu-

rulent material, and sinus thrombosis. The neuroradiologist re-

viewed the MRIs of the brain with the clinical indications of pos-

sible meningitis but was blinded to the CSF laboratory results and

pathogen diagnosis.

Leptomeningeal enhancement was defined as abnormal con-

trast enhancement of the leptomeninges on postcontrast T1-

weighted imaging. Ependymal enhancement was defined as en-

hancement of the ependymal surface of the ventricles on

postcontrast T1-weighted imaging. Abscess was defined as a pe-

ripherally enhancing intraparenchymal lesion on postcontrast

T1-weighted imaging with or without associated diffusion restric-

tion. Granuloma was defined as a homogeneously enhancing

parenchymal lesion on postcontrast T1-weighted imaging. Cere-

britis was defined as superficial brain parenchymal diffusion re-

striction, enhancement on postcontrast T1-weighted imaging, or

T2-weighted/FLAIR hyperintense signal. Infarct was defined as

diffusion restriction or T2-weighted hyperintense signal in either

a wedge-shaped cortical distribution or a lacunar type distribu-

tion. Hemorrhage was defined as abnormal hypointense signal on

gradient-echo or T1-weighted hyperintense signal. Subdural effu-

sion was defined as a subdural fluid collection without diffusion

restriction or hemorrhage indicated by a lack of susceptibility

artifacts or T1-weighted shortening. Extra-axial purulent material

was defined as extra-axial (subarachnoid, subdural, or epidural

space) diffusion restriction not caused by hemorrhage. Intraven-

tricular purulent material was defined as diffusion restriction

within the ventricles not caused by hemorrhage. Sinus thrombosis

was defined as abnormal loss of T2-weighted flow void and loss of

venous sinus contrast enhancement. Hydrocephalus was defined

subjectively as disproportionate enlargement of the ventricles rel-

ative to cerebral sulci with reduced subarachnoid spaces in the

sulci or cisterns.

Following determination of a statistically significant differ-

ence in hydrocephalus between groups, the reviewers subse-

quently reviewed all sonography, CT, and MRIs of the brain per-

formed in the clinical care of the patients in inpatient and

outpatient setttings in all patients to determine the time from

presentation to development of hydrocephalus on imaging.

For all patients in whom there was a discordant MR imaging

finding, the reviewers performed a combined review and reached

a consensus on the MR imaging finding, and this consensus was

used as the final diagnosis. Interobserver agreement for individual

MR imaging findings was calculated using the � statistic. A � value

of 0.81–1.0 indicated excellent agreement, 0.61– 0.80 indicated

good agreement, 0.41– 0.60 indicated moderate agreement, 0.21–

0.40 indicated fair agreement, and 0 – 0.20 indicated slight

agreement.

A Fisher exact test and an unpaired t test were used when

appropriate to compare differences between patients with GBS

meningitis and those with E coli meningitis for patient age at pre-

sentation, prematurity, duration from presentation to initial CSF

collection, duration from presentation to MR imaging, duration

from presentation to development of hydrocephalus on imaging,

ventriculoperitoneal shunt procedure, CSF laboratory values

(corrected WBC count, glucose and protein levels), and MR im-

aging findings (leptomeningeal enhancement, cerebritis, ependy-

mal enhancement, hydrocephalus, abscess/granuloma, subdural

effusion, infarct, hemorrhage, extra-axial purulent material, in-

traventricular purulent material, and sinus thrombosis). A Bon-

ferroni correction was used to adjust for multiple comparisons for

CSF and MR imaging findings between groups (n � 14), and a

final P value � .05 was considered statistically significant.

RESULTS
A total of 57 patients with GBS meningitis and 50 with E coli

meningitis were included. There was no significant difference for

positive CSF culture detection of meningitis for GBS meningitis

patients (46/57; 81%) compared to E Coli meningitis patients (35/

50; 70%) (P � .26). There was no significant difference in the

frequency of positive blood cultures between patients with GBS
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meningitis (46/57; 81%) and those with E coli meningitis (44/50;

88%) (P � .43).

There was no statistically significant difference between the

mean age at presentation for patients with GBS meningitis (40

days; median interquartile range, 38.3 days) versus the mean age

for those with E coli meningitis (31 days; median interquartile

range, 34.0 days) (P � .18). There was no significant difference in

the history of prematurity in patients with GBS meningitis (10/57;

18%) compared with those with E coli meningitis (15/50; 30%)

(P � .17).

There was excellent interobserver agreement for all MR imag-

ing findings as follows: leptomeningeal enhancement 0.84 (95%

CI, 0.74 – 0.95); cerebritis 0.87 (95% CI,

0.74 – 0.99); ependymal enhancement

0.93 (95% CI, 0.83–1.0); hydrocephalus

0.95 (95% CI, 0.84 –1.0); abscess 1.0

(95% CI, 1.0 –1.0); effusion 0.83 (95%

CI, 0.71– 0.94); infarct 0.93 (95% CI,

0.84 –1.0); hemorrhage 0.92 (95% CI,

0.84 –1.0); extra-axial purulent material

0.92 (95% CI, 0.84 –1.0); intraventricu-

lar purulent material 0.96 (95% CI,

0.89 –1.0); and sinus thrombosis 0.93

(95% CI, 0.79 –1.0).

Comparison of CSF and MR imaging

findings between groups is found in the

Table. There was no statistically signifi-

cant difference between patients with

GBS and E coli meningitis in the mean

duration from presentation to the date of the initial CSF labora-

tory study (0.65 versus 1.57 days; P � .06). There was no statisti-

cally significant difference in the CSF corrected WBC count and

glucose levels or total protein levels between groups.

There was no statistically significant difference between

groups for the duration from presentation to the date of MR im-

aging (10.1 versus 12.8 days, P � .08). There was a significant

difference between GBS and E coli meningitis for acute develop-

ment of hydrocephalus (0% versus 22%, P � .001). Ultimately,

7% (4/57) of patients with GBS meningitis required ventriculo-

peritoneal shunting compared with 18% (9/50) of patients with E

coli meningitis (P � .14). There was a shorter mean time to devel-

opment of hydrocephalus among patients with E coli meningitis

compared with those with GBS meningitis (18 versus 92 days; P �

.006). There was a significant difference between GBS and E coli

meningitis for the development of infarct (40% versus 14%; P �

.038). There was no statistically significant difference between

GBS and E coli groups for leptomeningeal enhancement, cerebri-

tis, ependymal enhancement, abscess/granuloma, subdural effu-

sion, hemorrhage, extra-axial purulent material, intraventricular

purulent material restriction, or sinus thrombosis. Representative

examples of patients with GBS and E coli meningitis are seen in

Figs 1 and 2.

DISCUSSION
The results of this study demonstrate that neonates and infants

with GBS meningitis more frequently develop infarcts, while pa-

tients with E coli meningitis more frequently develop early onset

of hydrocephalus. Some patients with GBS meningitis may ulti-

mately develop hydrocephalus requiring shunting, but there was a

shorter duration from presentation to the development of hydro-

cephalus in patients with E coli meningitis. While CSF remains

necessary to obtain a definitive pathogen, no differences in cor-

rected CSF WBC count and protein or glucose levels were detect-

able between groups. These findings suggest that neurologic com-

plications of meningitis may differ by causative pathogen.

Cerebral infarcts and hydrocephalus are common complica-

tions of bacterial meningitis in neonates and infants, found in

28%– 43% and 20%–25%, respectively, which is similar to our

results.2,5 Despite both of these complications being relatively

FIG 1. A 12-day-old neonate with GBS meningitis. Axial DWI demon-
strates multifocal areas of diffusion restriction (ADC not shown) in
the parenchyma, consistent with infarcts and cerebritis.

Comparison of CSF and MRI findings in patients with GBS and E coli meningitisa

Finding GBS (n = 57) E coli (n = 50) P Value
b

CSF corrected WBC count (cells/�L) 3116 � 5058 4770 � 12684 1.00
CSF glucose (mg/dL) 35.2 � 21.8 34.0 � 24.6 1.00
CSF total protein (mg/dL) 517.8 � 867.0 910.7 � 1414.2 1.00
Leptomeningeal enhancement 49% 46% 1.00
Cerebritis 21% 7% .77
Ependymal enhancement 7% 28% .063
Abscess/granuloma 2% 2% 1.00
Subdural effusion 49% 26% .24
Hemorrhage 33% 46% 1.00
Extra-axial purulent material 37% 38% 1.00
Intraventricular purulent material 9% 22% .84
Sinus thrombosis 11% 4% 1.00
Hydrocephalus 0% 22% .0014
Infarct 40% 14% .038

a CSF values are listed as mean � SD.
b P value is adjusted for multiple comparisons (n � 14).
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common, it is interesting that a significant difference in these

complications in the acute setting was detected between GBS and

E coli meningitis. Our results are similar to those of Jaremko et al,8

who, in a smaller series of neonates and infants with meningitis,

compared all streptococcal pathogens with E coli pathogens and

found that infarcts were more common with streptococcal patho-

gens compared with E coli meningitis (59% versus 27%), while

hydrocephalus was more common with E coli compared with

streptococcal pathogens (64% versus 22%). These results are dif-

ferent from the results of Chang et al,10 who demonstrated no

difference in GBS compared with E coli meningitis for the pres-

ence of infarcts. This discrepancy may reflect methodologic dif-

ferences in Chang et al, including a different definition for the

diagnosis of bacterial meningitis, a different patient population

(Taiwanese), patient collection during a 16-year period, and the

use of CT or MR imaging to detect infarcts. The results of our

study were obtained during a shorter timeframe and used the gold

standard of MR imaging for the diagnosis of infarcts. A longer

timeframe in the study of Chang et al may also introduce un-

known factors of patient management affecting patient care.

Neonates with bacterial meningitis who develop infarcts have

poor outcomes.10,11 Infarcts can occur with other pathogens, par-

ticularly Streptococcus pneumoniae so that detection of infarcts on

MR imaging is not specific for GBS meningitis.11 The pathogen-

esis of infarcts from bacterial meningitis is likely related to vascu-

lopathy induced by bacterial products and host inflammatory re-

sponse.12 Among the bacterial factors, GBS �-hemolysin/

cytolysin is directly cytotoxic to the brain endothelium, triggers

the endothelium to generate an inflammatory response, and in-

duces macrophage production of inducible nitric oxide synthe-

tase and generation of nitric oxide.13,14 Nitric oxide plays a major

role in regulating cerebral blood flow and autoregulation and

plays a role in neurotoxicity in the developing brain.15 In addition

to infarcts being more frequently identified with GBS compared

with E coli, the frequency of cerebritis in patients with GBS men-

ingitis was 3 times greater than in those with E coli meningitis, a

finding that could reflect cytotoxicity on a microvascular level.

Conversely, E coli is capable of entering the central nervous system

through the cerebral vasculature without altering the microvas-

cular endothelium or permeability; this feature may partially

explain differences in development of infarcts between GBS and E

coli.16

Hydrocephalus may result from purulent exudates in the sub-

arachnoid spaces and/or ependymal surface, resulting in impaired
CSF flow or impaired absorption of CSF by the arachnoid villi.
Hydrocephalus has been associated with motor disability in neo-

nates with bacterial meningitis.7 In addition to early hydroceph-
alus being more frequently identified with E coli, our results
indicated a 4-fold increase in the frequency of ependymal en-
hancement and a greater than 2-fold increase in the frequency of
intraventricular purulent material with E coli meningitis. These
factors may account for the more rapid development of hydro-
cephalus with E coli compared with GBS. Therefore, differences in

the inflammatory response may partially explain the differences
in hydrocephalus observed in these patients. These results also

provide the clinically important information that patients with

GBS meningitis may develop hydrocephalus at a much longer

time duration from presentation. Finally, because both infarcts

and hydrocephalus can result in injury to the brain parenchyma,

these findings are important for patient prognosis and indicate

the need for imaging to detect these complications.

Limitations of this study include the retrospective nature of

the study and the low number of patients. The small sample size

may limit our ability to confirm statistically significant differences

in the longer term requirement for intracranial shunt. Although

there was greater than twice the frequency of patients with E coli

meningitis than with GBS meningitis who ultimately required an

intracranial shunt, this determination may require an even larger

sample size. Despite the low number of patients, this remains the

largest series comparing CSF and MR imaging findings in infants

with GBS and E coli meningitis. This study was limited to patients

who had MR imaging. At our institution, it has become the stan-

dard of care for these patients to undergo MR imaging of the

brain, so it is unlikely to result in a selection bias. We acknowledge

FIG 2. A 19-day-old neonate with E coli meningitis. A, Axial T2-weighted image demonstrates disproportionate enlargement of the lateral
ventricles relative to the sulci, consistent with hydrocephalus. B, Axial DWI demonstrates areas of diffusion restriction (ADC not shown) in the
ventricles (arrows), consistent with intraventricular purulent material. C, Axial T1-weighted postcontrast image demonstrates abnormal ependy-
mal enhancement along the lateral ventricles (arrows).
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that CT and sonography can also be used for detection of compli-

cations of meningitis such as hydrocephalus, but they are less

sensitive and specific for the other findings used in this study.17

Another potential limitation of this study is the subjectivity in

the determination of individual MR imaging findings. This sub-

jectivity was mitigated by independent imaging reviews by 2 neu-

roradiologists, consensus diagnosis in discordant findings, and

calculation of interobserver agreement. We observed excellent in-

terobserver agreement for all MR imaging findings. Although

there are various ventricular measurements that can be per-

formed to assess hydrocephalus, these are uncommonly required

in clinical practice. Lastly, this study used a gold standard diagno-

sis of meningitis to be either a positive CSF culture or positive

blood culture with elevated CSF WBC count. Patients with a pos-

itive blood culture and normal CSF WBC count were therefore

excluded from this study.

CONCLUSIONS
Although infants with GBS and E coli meningitis may have similar

ages and CSF laboratory values, MR imaging findings may differ

between the groups. Patients with GBS meningitis more fre-

quently demonstrate infarcts, while those with E coli meningitis

more frequently have early onset of hydrocephalus. These find-

ings suggest that neurologic complications of meningitis may re-

flect the specific causative pathogen.
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