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Background: Neonatal bacterial meningitis is a severe infection with high mortality and
morbidity. It is necessary to identify factors associated with a high risk of a poor prognosis
so that we can prevent them with more appropriate treatments. This study was performed
to summarize the prognostic factors known to predict adverse outcomes in neonatal
bacterial meningitis.

Methods: The Medline/PubMed, Cochrane Library and Embase databases were
searched for studies of prognostic risk factors in neonates with bacterial meningitis.
Studies published from the initiation of the database to April 30th, 2017 were included.
The quality of cohort studies was assessed by the Newcastle-Ottawa Scale (NOS). The
quality of cross-section studies was assessed by the Agency for Healthcare Research
and Quality (AHRQ) scale. Each prognostic factor known to cause adverse outcomes is
summarized.

Results: Sixteen studies were identified, including 7 cohort studies and 9 cross section
studies. Seizure and high protein levels in the cerebrospinal fluid (CSF) predict a poor
prognosis in this disease. Coma, the need for ventilation support, and leukopenia also
had some value for predicting poor prognoses. A bulging anterior fontanelle was valuable
for predicting mortality. Low CSF glucose levels, thrombocytopenia, gestational age (GA)
<37 weeks and an altered sensorium were correlated with a poor prognosis. A birth
weight <2500 g, early onset meningitis and positive CSF cultures were correlated with
mortality.

Conclusions: This study provides a preliminary exploration of prognostic factors in
neonatal bacterial meningitis and thereby fills some of the gaps in the study of prognoses
in this disease. These prognostic factors can be used to predict and estimate outcomes
in neonatal bacterial meningitis. Without a meta-analysis, the reliability of these factors
cannot be assured. In addition, these results emphasize that there is an urgent need for
a standardized protocol for follow-up and well-designed prognostic studies in neonatal
bacterial meningitis.
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INTRODUCTION

Neonatal bacterial meningitis (NBM) is a serious acute infection
of the central nervous system. From the day that this
disease was discovered, corticosteroids, therapeutic hypothermia,
monoclonal antibodies and other therapies have been used
in addition to antibiotics an attempt to improve outcomes
in bacterial meningitis (1, 2). However, today, mortality and
morbidity remain high (approximately 10-15% and 4/1000-
5/1000 of live births, respectively) globally in neonates with
bacterial meningitis (3-6).

Clinical experience has revealed that some factors, such as
the onset time, neonate gender, and type of pathogen, are
associated with trends in the development of neonatal bacterial
meningitis. Early identification of high risk factors may play
a decisive role in preventing poor outcomes because it allows
prompt and effective treatment. Although the guidelines of
the European Society of Clinical Microbiology and Infectious
Diseases (ESCMID) published in 2016 (7) revealed some of the
principles of and latest developments in efforts aimed at dealing
with bacterial meningitis, it did not provide any factors that
significantly affect mortality or sequelae in affected neonatal
patients. In addition, there is lack of systematic reviews of
prognostic factors that can be used to predict poor prognoses in
neonatal bacterial meningitis. Hence, this study was performed
to collect the currently available evidence to systematically review
the prognostic factors that predict or relate to adverse outcomes
in neonate bacterial meningitis.

METHODS

The Medline/PubMed, Cochrane Library and Embase databases
were systematically searched for prognostic studies that described
risk factors for mortality and sequelae in neonates with bacterial
meningitis. The databases were searched from the beginning of
the database to April 30th, 2017. The key words used as search
terms were “neonate,” “bacterial meningitis,” and “prognostic
factors or outcomes.” The search strategy is listed in Appendix 1.
The Open Grey, National Technical Reports Library, Gray
Literature Report, and ISRCTN registry were searched for studies
published as gray literature. The references cited in each of the
selected studies were checked to acquire relevant studies that had
not been identified by the above-described retrieval methods. All
titles and abstracts were read, all relevant articles were identified,
and the full text of each was obtained by two researchers
separately. The final range of the articles and all correlative data
or information were discussed in regular meetings, and all the
data included in this article were confirmed by all authors. The
following criteria were applied:

Meningitis had occurred within 0-28 days.

The results were published in English, and the full-text article
could be retrieved.

Studies aimed at identifying the risk factors for a poor
prognosis were defined prior to our study, and studies
designed to use associative models were also included.

Cohort studies and cross-section studies in which Odds Ratios
or P values for the relationship between prognostic factors and
outcomes were provided were included.

Data related to tubercular or viral meningitis were excluded.
Articles that did not distinguish between meningitis and sepsis
were also excluded.

The quality of the cohort studies was assessed using the
Newcastle-Ottawa Scale (NOS). We used 3 groups (selection,
comparability, and outcomes) and 8 projects to judge their
quality. The final performance on the scale was indicated by total
score of “*)” with studies with a score of 6 or more “*” considered
high quality. The quality of the cross section studies was assessed
by the Agency for Healthcare Research and Quality (AHRQ)
scale, which contains 11 items. An item was scored “0” if it was
answered with “NO” or “UNCLEAR” and “1” if it was answered
with “YES.” Article quality was assessed as follows: low quality =
0-3, moderate quality = 4-7, and high quality = 8-11. A figure
is presented to show the risk of bias in a cohort study performed
using the NOS.

When analyzing the articles, crucial points were extracted,
including the author, country, year, study size, study design,
analysis method, pathogen, outcome and significant prognostic
factors (in a multivariate analysis with OR > 1 or P < 0.05 or in
a univariate analysis with p < 0.05). These data were manually
summarized. The factors evaluated in multivariate analyses
without showing exact OR value or P-value were considered
not as reliable as those included with them and were divided
into univariate analyses. Outcomes were categorized under three
headings: (1) mortality (2) sequelae and (3) poor outcomes (when
no distinction between mortality and sequelae was drawn in the
original study).

A table was formed using prognostic factors, study type,
associated outcomes and their occurrences to allow readers
to form their own opinions (The times of occurrences were
recorded by “Ix, 2x, 3x, and so on” in ascending order). Factors
found to be significant in more than one study of moderate/high
quality are presented and were categorized into three groups
depending on study type:

Group A: cohort studies with multivariate analyses.

Group B: cohort studies with univariate analyses.

Group C: cross section studies with multivariate or univariate
analyses.

To reduce the impact of bias, the prognostic factors were divided
into 3 levels based on the level of evidence of the original study:

Level I factor: Showed at least “2x” in Group A.

Level II factor: Showed “1x” in Group A with at least “1x” in
Group B or Group C.

Level III factor: Showed at least “1x” in each of Group B and
Group C.

We established a hierarchical system in which each level had
different grade (reliability) for predicting outcomes. Level I
factors were at the top and were regarded as confirmed to be
able to predict poor outcomes. Level II factors were considered
intermediate and were considered to have some value for
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predicting outcomes. Level III factors were considered inferior
and to show some evidence of being correlated with and
potentially valuable for predicting outcomes.

RESULT
Flow Path of the Selection

The flow path used for selection is shown in Figure 1. In the
initial systematic search, 985 results were found, including 650
records from the PubMed/Medline database and 335 records
from the Embase database. The Open Gray registry returned
3 records, and the National Technical Reports Library, Gray
Literature Report, and ISRCTN registries returned 0 records. No
clinical trials were found that performed a prognostic study in
NBM. Of the identified records, 37 articles seemed to have high
potential to meet the inclusion criteria. After we read the full
text of and carefully screened each article, 21 of the articles were

excluded (6 because of language, 5 because of the age of the
subjects, 2 for not distinguishing between sepsis and meningitis,
3 for not running a statistical analysis of prognostic factors
and outcomes, 3 for not analyzing the relationship between
prognostic factors and outcomes, and 2 because we could not
acquire the full-text article). Finally, 16 articles (3, 8-22) were
identified. The study characteristics and quality assessments of
all if the included publications are summarized in Tables 1, 2,
respectively. Studies were grouped by design (cohort study or
cross-sectional study) and ranked by quality.

Cohort Studies

Of the 16 included studies, only 7 were cohort studies. The rest
(9/16) were cross section studies. Of the 7 cohort studies, 6
were retrospective studies, and the other one was a prospective
study. Three of the studies were completed in China or Taiwan,
China. Of the inclusion criteria, there were differences among the

(N=985)

N
Titles/Abstracts retrieved from Pubmed(N=650),
Embase (N=335), Cochorane Library(N=0).

,
Excluded duplication(N=32)

Irrelevant abstracts excluded

(N=916)

(N=37)

Potential relevant articles,retrieved in full text.

Exclueded not meeting the

inclusion criteria(N=21)

Articles retrieved finally for analysis.(N=16)

( Articles divided by study

Cohort studies

N=T7)

FIGURE 1 | Flow path of the selection.
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studies in diagnostic methods and the age of the subjects (details
show in Table 3). The number of pathogen species described
in the included articles varied from 8 to 19. The two main
etiologic agents were found to be Group B Streptococcus (GBS)
and Escherichia coli in 4 studies [not including (9, 14, 19)]. No
ANOVA analyses were performed in these articles to determine
the exact statistical relationship between these pathogens and
outcomes. The treatment strategies used in the study projects
were described in only 3 of them (show in Table 3). The follow-
up time varied from 2.5 months to 11 years, and the major
follow-up outcomes were sequelae and death (only one study
(22) mentioned measurement outcomes on the Glasgow Coma
Scale (GCS), and the time of measurement included the hospital
discharge day). Another study (19) used a follow-up time of 2
years old or older in an examination performed by a pediatrician.

Cross-Section Studies

In the rest 9 cross section studies, there’s large difference in
study period (from 1968 to 2007). Half of the studies were
run in developed countries. The major etiologic agents varied
substantially from country to country and period to period.
Mulder et al. (17) focused on a specific pathogen in GBS
meningitis, and (8) focused on early onset meningitis (a diagnosis
of early onset meningitis achieved within 48 h after delivery). The
outcome in the cross section studies was mortality. The inclusion
criteria were also different among the studies. In addition, half of
the studies failed to mention the treatment used in NBM.

Prognostic Factors

A total of 24 factors were found to potentially predict prognoses.
Some factors were not significant in any other studies, and their
value could therefore not be defined. The 13 prognostic factors
that were found to be significant in more than one moderate/high
quality study are shown in Table 4. The prognostic factors were
divided by study design and statistical method. Although 3 of
the cross-section studies were prospective studies that included
multivariate analyses and identified some factors that predicted
prognoses, because these studies did not provide exact follow-
up times, the value of these results is thought to be lower
than that found in the cohort studies. Despite the fact that
one study (13) included a multivariate analysis, the prognostic
factors were obtained from univariate analyses (factors come
from multivariate analysis were not within the definition of
outcomes). In addition, some of the prognostic factors identified
in Lin et al. (11) were also evaluated in a univariate analysis.

Risk of Bias

The risk of bias of the cohort studies is shown in Figure 2. All
of the included studies were moderate/high quality, but only
a few were high quality. Six of the included cohort studies
were retrospective studies and lacked statements describing the
therapy used, suggesting that there is potential for selection and
comparability bias. More than half of the included cross section
studies scored poor for control confounding factors, further
suggesting the potential for confounder and selection bias.

Interpretation of Prognostic Factors

A bulging anterior fontanelle was found to be a Level II factor
with a moderate sensitivity for predicting mortality. Early onset
meningitis (EOM), a birth weight <2500g and positive CSF
culture were included as Level III factors, which were defined
as significantly correlated in more than two studies (EOM was
defined in two studies as bacterial meningitis that occurred
within 7 days after birth).

None of the included investigations was designed to
identify the relationships between certain sequela within the 13
prognostic factors. In addition, because evidence was limited,
none of the factors was found to be significant for sequelae.
It is important to emphasize that none of the studies reported
prognostic factors specifically related to hearing loss.

Seizure and a high CSF protein level significantly predicted
a poor prognosis in in more than one cohort study. These
were classified as Level I factors and were mainly summarized
as predictable prognostic factors. Coma, a need for ventilation
support and leukopenia were identified in both multivariate and
univariate analyses as Level II factors, which were considered
to have some value for predicting a poor prognosis. Low CSF
glucose levels, thrombocytopenia, and a GA <37 w were Level
III factors and therefore supposed to be significantly correlated
with a poor prognosis. Although an altered sensorium was
not defined as meeting the classification standards described
above, it was accepted as a Level III factor that predicts a poor
prognosis.

DISCUSSION

A total of 24 prognostic factors were identified in all of the
included studies. Of these, 13 were found to be significant in more
than one moderate/high quality study. These prognostic factors
included patient characteristics, clinical manifestations and the
results of laboratory examinations. Only two of the factors were
classified as Level I factors, which were defined as having a high
ability to predict bad outcomes. The remaining 11 factors were all
found to present intermediate and low levels of evidence and will
need to be tested in further multivariate analyses.

Compared to RC de Jonge et al. (23), we found that seizure,
high CSF protein levels, low CSF glucose levels, leukopenia, coma
and a need for ventilation support (severe respiratory distress)
were significant in this research. This might be because the
mechanisms underlying the development of bacterial meningitis,
whether it occurs in a neonate or at any other age, are very
similar: the pathogens cross the blood-brain barrier, leading to
an inflammatory cascade and brain cell injury (24-26). GA<37w
and birth weight <2500g are associated with prematurity in
infants. In this study, while both factors were significantly
correlated with outcomes, it remains unresolved whether they
can be used to predict prognoses or will be eliminated when more
studies are performed that remove confounding factors. The
immune system is more vulnerable in more premature bodies,
and this may partly explain why premature babies have such a
poor prognosis. However, we wondered whether the difficulty
of nursing associated with prematurity and/or another reason
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might also provide a part of the explanation. Additional studies
are needed to clarify this question.

Thrombocytopenia was not found to predict prognoses in RC
de Jonge et al. (23), but it was found to be significant in this and
two other studies (27, 28). On the one hand, bacterial meningitis
describes a series of immune responses, and platelets have
been verified as key players in inflammation and autoimmune
responses (29-31). On the other hand, sepsis may be an etiologic
factor for thrombocytopenia (32), and some cases of bacterial
meningitis observed in neonates are caused solely by sepsis.
These two factors might partially explain why thrombocytopenia
occurs in NBM. Platelet transfusion is the specific treatment for
thrombocytopenia, but platelet transfusion is very likely related
to mortality or any other risks and adverse events (33). The
presence of thrombocytopenia indicates a severe infection, and
it is necessary to give more attention to neonates with bacterial
meningitis who develop thrombocytopenia and to use more
positive strategies to treat the primary disease.

Diverse definitions have been used for EOM, such as occurs
within 3 days vs. occurs within 7 days. Early onset sepsis
(EOS) was defined as disease occurring within 3 days and may
be the reason that some doctors define early onset bacterial
meningitis as cases that occur within 3 days. However, others
have proposed that EOM occurs within 7 days (34). In addition
to this study, two of the included cohort studies and one of
the included cross section studies defined EOM as bacterial
meningitis occurring within 7 days after birth. The authors
therefore agree with the above definition of EOM. Evidence has
shown that GBS is the most common pathogen in EOS (35),
and the pathogens most often observed in clinical practice in the
CSF cultures of neonates with early onset bacterial meningitis are
GBS. In this study, EOM was found to be a potentially predictive
factor for mortality. Hence, while it is therefore reasonable to
speculate that GBS infection might be associated with poor
outcomes in NBM, limited evidence is available (few articles
have analyzed the differences in the prognosis of patients with
disease caused by different pathogens) and the positive rate in
CSF culture is low. These results need to be confirmed in further
studies.

A recent systematic review showed that the incidence of
hearing loss was 11% (range, 2-35%) and that 5% of patients
experienced profound hearing loss after having childhood
bacterial meningitis (36). In addition, some other studies showed
that seizures, serum C-reactive protein levels, and disease severity
were risk factors for hearing impairment (37, 38) after childhood
bacterial meningitis. However, previous articles have rarely
analyzed its incidence or factors that independently predict
hearing loss in neonates with bacterial meningitis. Even though
the studies included in this study had reported prognostic factors
for sequelae, hearing loss was not separately analyzed. Another
study found that some cases with normal hearing or moderate
hearing loss later became severely impaired after exhibiting
bacterial meningitis (39). These results indicate that late-onset
hearing loss should not be underestimated in NBM. Currently,
Universal Newborn Hearing Screening (UNHS) is performed
worldwide and has allowed great progress to be made in fighting
hearing loss. However, in neonates with bacterial meningitis,

the timing of the first screening, the follow-up timing used in
patients with normal results at the first screening (e.g., those
with late-onset hearing loss), and the frequency of follow-
up after NBM remain unclear despite the fact that the Joint
Committee on Infant Hearing (JCIH) updated the guidelines for
detection and intervention programs for hearing loss in 2007 (40)
and further supplemented them in 2013 (41). Since we know
that early identification and intervention result in significantly
better outcomes, we sought to determine what we can do to
reduce hearing loss and help babies recover, and we concluded
that special guidelines are needed for early identification and
intervention to prevent hearing loss after NBM.

CSF protein and glucose levels were found to be prognostic
factors in this study. In addition, CSF protein and glucose levels
are part of the diagnostic criteria used to identify bacterial
meningitis. While Tan et al. (12) performed an ROC curve
analysis of CSF protein levels and found that the best cutoff
for predicting outcomes was 1880 mg/L, because no one else
has defined a best cutoff point, the specific numerical values for
CSF protein and glucose levels that indicate a poor outcome
remain uncertain. More studies of the cerebrospinal fluid (CSF)
manifestations of NBM and their correlations with prognoses are
needed.

Although one large meta-analysis showed that corticosteroids
significantly reduced hearing loss and neurological sequelae
in children and adults (42), another recent study performed
in neonates included two randomized controlled trials and
suggested that the capacity of steroids to reduce death and
hearing loss (1) remains equivocal. One of the studies (15)
included in this report also proposed that using steroids was
significantly associated with poor prognoses. This shows that the
value of administering steroids in neonatal bacterial meningitis
remains uncertain despite its clear value in children and adults,
and steroids should therefore be used with special caution in this
population.

The study of the relationship between prognoses and risk
factors was limited by the heterogeneity observed among the
included studies in diagnostic criteria, treatment and follow-up.
Thus, only a systematic review was performed here. Without
a meta-analysis, the reliability of these factors cannot be
assured. In addition, our search for guidelines for bacterial
meningitis revealed that there are few such guidelines specific
for neonates. As time goes on, therapies for neonatal bacterial
meningitis have progressively advanced. However, there is
currently a lack of systematic and standard protocols for therapy
and follow-up in this population. In addition, obtaining a
deeper understanding of the relationships between risk factors
and prognoses in neonatal bacterial meningitis will require
additional well-designed prognostic studies and quantitative
analyses.

LIMITATION

In the process of article selection, 6 articles not written in English
and 2 articles for which the full-text could not be obtained
were excluded; however, the abstracts of these studies mentioned
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TABLE 3 | The details of included cohort studies.

Study Diagnostic criteria Treatment Outcome Significant prognostic factors
from multivariate analysis or from
univariate analysis with p <0.05

Chang CSF culture positive. Leukocyte Empiric antibiotics = ampicillin and Death and severely abnormal <=> Seizure, fontanelle bulging,

etal (18) >0.1*10"9/L (with predominant 3rd generation cephalosporin with or  poor outcome thrombocytopenia, CSF total protein,

polymorphonuclear) or CSF protein without aminoglycoside
> 1.5 g/L and CSF glucose/blood
glucose < 0.5

Normal and mild abnormal <=> CSF glucose
good outcome

Daoud CSF culture positive or blood culture  Ampicillin and gentamicin (1992 to Mortality Bulging anterior fontanelle, altered
etal. (9) positive and CSF pleocytosis mid-1993), cefotaximin or ceftazidime Having sequela sensorium
> 100/mm?® combined ampicillin (mid-1993 to
1994)
Lin CSF culture positive Not mentioned Mortality Earlyonset, preterm, CSF Pro >500
etal. (11) Death and sequela <=> poor mg/dl at admission, predisposing to
prognosis congenital heart disease, hearing
Complete recovery <=> good impairment, seizure
prognosis
Tan etal. Having clinical signs. Either CSF Not mentioned GCS = 5 <=> good outcome CSF protein, pneumonia, poor
(12) culture positive or CSF WBC > GCS = 1-4 <=> bad outcome feeding, PLT
20*10"6/L and blood culture positive.
GA > 37w

Klinger CSF culture positive and GA > 35w Not mentioned

Death or moderate or severe disability Seizure, coma, need for ventilation

etal. (22) <=> adverse outcome support, leukopenia
Kamoun  CSF culture positive. The combination Not mentioned Mortality Altered consciousness, CSF protein,
etal (14) of leukocyte >30/mm?, CSF pro Having sequela CSF glucose
> 1.3 g/L, CSF glu < 2.2 mmol/L or
CSF/blood glucose <0.4
Bell et al. CSF culture positive or leukocyte Aminoglycoside with benzylpicillin, Mortality Weight <2,500 g, positive CSF
(19) > 100/mm?® chloramphenicol, or a cephalosporin culture
TABLE 4 | Prognostic factors in neonatal bacterial meningitis.
Prognostic factor Cohort studies with multivariate Cohort studies with univariate Cross section studies with
analysis analysis multivariate or univariate analysis
Mortality Sequelae Poor Mortality Sequelae Poor Mortality Sequelae Poor
prognosis prognosis prognosis
Early onset meningitis 1x X
High CSF protein level 2X 1x 1x 1x
Low CSF glucose level 1x 1x 1x
Bulging anterior fontanelle 1x X X
Altered sensorium 1x 1x
Seizure 2X X 1x
GA <37w 1x 1x
Thrombocytopenia 1x 1x
Birth weight <2,500¢g 1x 4x
Positive CSF culture 1x 1x
Coma 1x 1x 1x
Need for ventilation support 1x 1x
Leukopenia 1x 1x

a few prognostic factors with significant value for predicting
outcomes, and this may have caused publication bias. In addition,
when screening all the potentially relevant articles, the title and
abstract were used as a first-step selection criterion, and those
very few articles that may not have described their research

very clearly in the abstract may have been eliminated in this
step.

Because of restrictions on the different measurements used to
evaluate outcomes in each article, a very catch-all term, “poor
prognosis” (as previously stated), was used to define undesirable
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outcomes in neonatal bacterial meningitis; this may have led
readers to be confused about the specific prognosis of this disease.
In addition, because the quantity of included articles was small,
a subgroup analysis could not be run to explore the impact of
diagnoses, treatments, and follow-up times on prognosis, and this
also caused heterogeneity.

Because there was heterogeneity in each study, a systematic
review but not a meta-analysis was performed to obtain
results for prognostic factors in NBM. It is clear that the
statistical effect of qualitative analyses is far inferior to that of
quantitative analysis, and this research can therefore provide
only a preliminary exploration of evidence-based medicine. The
quality assessment showed that the included studies may have
presented a risk of selection and confounder bias. Thus, it is
hard to estimate the statistical effect of these data on prognostic
factors in a systematic review, and only one interpretation of
the results is provided here. Every reader should draw their own
conclusions.

CONCLUSION

This study provides a preliminary exploration of prognostic
factors in neonatal bacterial meningitis. This fills in some of
the gaps in the study of prognoses in this disease. Existing
studies contain a great deal of heterogeneity related to the
diagnosis, treatment, and follow-up of this disease, and this
largely restricts the study of relationships between prognoses
and risk factors. Without a meta-analysis, the reliability of these
factors as prognostic indicators cannot be assured. In addition,
this conclusion emphasizes the urgent need for a standard follow-
up protocol and well-designed prognostic studies in neonatal
bacterial meningitis.
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