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ABSTRACT
Background and objectives. To identify the risk factors that cause death in children with bacterial meningitis.
Materials and methods. Articles were obtained through a journal literature search of observational studies using elec-
tronic databases: PubMed, Scopus, ProQuest, Science Direct, and Web of Science. The articles were systematically  
selected using international guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-analysis 
Protocols. 
Results. A literature search identified 8746 articles. After screening, 19 studies were found that met the requirements for 
meta-analysis. There was a total of 6997 patients aged 1 month to 18 years who were included in the study. Factors that 
significantly influence the risk of death in children with bacterial meningitis in this meta-analysis are: age less than five 
years (pooled OR = 3,19; 95% CI, 1,03-9,89; p = 0.04), age less than three years (pooled OR = 18,77; 95% CI, 2,10-167,83; 
p = 0.009), decreased of consciousness (pooled OR = 4,85; 95% CI, 1,25-18,86; p = 0.02), seizure (pooled OR = 2,97; 95% 
CI, 1,09-8,07; p = 0,03), and bacteria Streptococcus pneumoniae compared to Haemophilus influenzae from culture of 
cerebrospinal fluid (pooled OR = 12,52; 95% CI, 8,95-17,52; p <0,00001).
Conclusions. Risk factors for death in children with bacterial meningitis were age less than five years old, age less than 
three years, decrease of consciousness, seizure, and cerebrospinal fluid culture result of bacteria Streptococcus pneumo-
niae compared to bacteria Haemophilus influenzae.
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INTRODUCTION

Bacterial	meningitis	 is	 an	 inflammatory	 condi-
tion	in	the	lining	of	the	brain,	which	affects	the	pia,	
arachnoid	and	subarachnoid	 spaces,	which	occurs	
in	 response	 to	bacteria	and	bacterial	products	 [1].	
This	 is	 a	 global	 public	 health	 problem	 and	 most	 
cases	 and	 deaths	 occur	 mainly	 in	 children	 under	
five	 years	 due	 to	 various	 factors	 [2].	 Children	 are	 
especially	 susceptible	 because	 their	 immune	 sys-
tems	are	not	yet	perfect.	 It	 is	 estimated	 that	more	
than	75%	of	cases	occur	in	children	under	five	years	
[3].	Mortality	rates	are	very	high,	ranging	from	5%	
to	30%	of	cases	[4].

Several	studies	have	been	conducted	to	identify	
risk	factors	associated	with	death	in	children	with	
bacterial	meningitis.	Previously	known	risk	factors	
for	death	include	age	of	disease	onset	[5],	duration	
of	symptoms	before	admission	[6],	etiological	agent	
of	Streptococcus	pneumoniae	[7],	and	comorbidities	
[8].	Identification	of	risk	factors	for	death	is	very	im-
portant	 to	 help	 determine	 which	 patients	 require	
more	intensive	treatment	and	longer	monitoring,	as	
well	as	helping	clinicians	to	rationally	counsel	par-
ents	of	patients	regarding	their	child’s	disease	prog-
nosis	in	the	early	phase	of	the	disease	[3].

MATERIALS AND METHODS

Literature search strategy 

This	meta-analysis	was	performed	according	 to	
Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	
and	Meta-Analysis	 (PRISMA)	guidelines.	The	 Inter-
national	Prospective	Register	of	Systematic	Reviews	
(PROSPERO)	 was	 registered	 under	 the	 following	
identification	number:	CRD42022329040.

The	literatures	were	selected	by	electronic	search	
from	 Pubmed,	 Scopus,	 Science	 Direct,	Web	 of	 Sci-
ence,	 and	 ProQuest.	 Searches	 were	 conducted	 in	
February	 2023	 until	 April	 2023.	 We	 developed	 a	
comprehensive	search	strategy	based	on	PICO	(pop-
ulation,	issue,	comparison,	and	outcome).	Keywords	
that	were	used	for	searching	strategy	were	“Bacte-
rial	meningitis”	OR	“bacterial	meningitides”	OR	“py-
ogenic	meningitis”	AND	child*	OR	pediatr*	OR	pae-
diatr*	OR	infant*	OR	baby	OR	babies	OR	toddler*	OR	
adolescen*	OR	 teenager*	 AND	 death	OR	mortality	
OR	outcome*.	We	systematically	searched	for	obser-
vational	studies	published	in	English	as	full	report	
articles	in	international	journals	from	2000	to	2022.	

Eligibility Criteria

The	literatures	included	in	the	study	had	to	meet	
the	 following	 inclusion	 criteria:	 research	 subjects	
were	 pediatric	 patients	 aged	 1	month	 to	 18	 years	
old;	observational	research	in	the	form	of	prospec-
tive	or	retrospective	cohorts,	case	controls,	and	cross-

sectional	studies	with	cases	of	bacterial	meningitis	
deaths,	 and	 identifying	 the	 risk	 factors	 that	 cause	
these	deaths;	journal	with	full	text;	journal	with	pu-
blication	year	2000-2022;	and	published	in	English.

The	exclusion	criteria	were	as	follows:	 journals	
that	cannot	be	accessed	in	full	text;	duplicate	jour-
nal;	 studies	 involving	 adult	 and	 geriatric	 subjects;	
studies	 that	 evaluate	 risk	 factors	 associated	 with	
bacterial	meningitis	outcomes	but	do	not	link	these	
factors	 to	 death;	 studies	 evaluating	 meningitis	
caused	 by	 nonbacterial	 agents;	 studies	 evaluating	
meningitis	 caused	 by	 the	 bacteria	 Mycobacterium 
tuberculosis;	 review	 studies;	 experimental	 studies	
with	animals;	and	research	with	themes	that	do	not	
match	the	objectives	of	this	research.

Data Extraction 

Articles	that	met	the	inclusion	criteria	were	read	
comprehensively	in	full	text	form,	and	decisions	re-
garding	 the	 final	 articles	 selected	 were	 made	
through	a	joint	meeting.	The	extracted	data	is	in	the	
form	of	article	title	and	author’s	name,	year	of	pub-
lication,	results	of	study	quality	assessment,	type	of	
study,	country	of	origin,	number	of	samples,	popula-
tion,	age	of	subjects,	study	period,	and	research	re-
sults,	which	are	presented	in	tabular	form.

Quality Assessment

The	 quality	 assessment	 of	 the	 articles	 selected	
was	 performed	 using	 New-Castle	 Ottawa	 Scale.	
Good	quality	if:	3	or	4	stars	on	item	selection	and	1	
or	2	stars	on	item	comparability	and	2	or	3	stars	on	
outcome/exposure.	 Adequate	 quality:	 2	 stars	 on	
item	selection	and	1	or	2	stars	on	item	comparability	
and	2	or	3	stars	on	outcome/exposure.	Poor	quality	
if	0	or	1	star	on	item	or	0	star	on	item	comparability	
or	0	or	1	star	on	item	outcome/exposure.	

Statistical Analysis

The	process	of	calculating	data	analysis	and	out-
comes	was	carried	out	using	Review	Manager	(Rev-
man)	5.4	software.	The	meta-analysis	process	includes:

1.	 Calculate	the	number	of	patients	who	died	for	
each	risk	factor	studied.

2.	 Calculating	heterogeneity.	 If	p	heterogeneity	
is	 >0.05	 and	 I2	 <70%	 then	 use	 fixed	 effect	
models,	if	p	heterogeneity	<0.05	and	I2	>70%	
then	use	random	effect	models.

3.	 Calculate	the	pooled	effect	measure	(using	the	
pooled	odds	ratio),	confidence	interval	(95%),	
and	overall	p	value	for	the	entire	study	(p	is	
significant	if	p	<0.05).	

4.	 Perform	subgroup	analysis	for	each	risk	factor.
5.	 The	results	of	the	meta-analysis	are	described	

in	the	form	of	forest	plots.
The	 technique	 used	 to	 identify	 the	 presence	 of	

publication	bias	 in	 this	research	 is	 to	use	a	funnel	
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plot.	 If	 the	distribution	of	articles	 is	not	symmetri-
cal,	there	will	be	publication	bias	in	the	relationship	
between	the	variables	being	studied.	If	the	number	
of	studies	is	limited,	publication	bias	cannot	be	de-
termined.

Eligible studies

There	were	 19	 articles	 selected	 from	8746	 arti-
cles	related	to	risk	factors	for	death	in	children	with	
bacterial	meningitis.	These	studies	were	from	Pub-
med	(15	studies),	Scopus	(13	studies),	Web	of	Science	
(13	studies),	(ProQuest	with	5	studies),	and	1	study	
from	 grey	 literature.	 Figure	 1	 describes	 the	 inclu-
sion	and	exclusion	steps	of	the	articles.	There	was	a	
total	of	6997	patients	aged	1	month	to	18	years	in	the	
included	studies.

All	 studies	were	 assessed	 for	 quality	 using	 the	
Newcastle-Ottawa	 Quality	 Assessment	 Form	 for	 
Cohort	 Studies	 (Table	 1)	 and	 Newcastle-Ottawa	
Quality	Assessment	 Form	 for	 Case	 Control	 Studies	
(Table	2).

Characteristics of the included studies

Eighteen	studies	were	performed	in	developing	
countries,	and	only	one	study	was	from	developed	
country.	Those	studies	consisted	of	nine	cohort	stud-
ies	and	10	case-control	studies.	The	studies	charac-
teristics	are	presented	in	Table	3.

RESULTS

Age	 under	 5	 years	 were	 reported	 in	 9	 studies.	
Analysis	of	the	researches	shows	that	age	<5	years	
increases	the	risk	of	death	significantly	by	3.19	times	
in	children	suffering	from	bacterial	meningitis	com-
pared	to	age	≥5	years	(OR	=	3.19;	95%	CI,	1.03-9.89;	I2	
93%;	P	=	0.04).	Age	<3	years	were	reported	in	3	stud-
ies	(Figure	2).	A	meta-analysis	of	those	3	studies	re-
vealed	that	age	<3	years	increases	the	risk	of	death	
significantly	 by	 18.77	 times	 in	 children	 suffering	
from	bacterial	meningitis	compared	to	age	≥3	years	
(OR	=18.77;	95%	CI,	2.10-167.83;	I2	70	%;	P	=	0.009).	

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis flow diagram
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TABLE 1. Newcastle-Ottawa Quality Assessment for Cohort Studies

Study

Selection Comparability Outcome

Total

Represen-
tativeness 

of the 
exposed 
cohort

Selection  
of the  
non-

exposed 
cohort

Ascertain-
ment of 

exposure

Demon-
stration 

that 
outcome 

of interest 
was not 
present 

at start of 
study

The most 
important 

factor

Any  
additional 

factor

Assess-
ment of 
outcome

Was 
follow 

up long 
enough 

for  
outcomes 
to occur

Adequacy 
of follow 

up of 
cohorts

Rahimi et al., 
2022    0 0     7

Widjaja et al., 
2021    0 0     7

Maniruzzaman 
et al., 2019    0 0     7

Bari et al., 
2016    0 0     7

Pelkonen et al., 
2022    0 0     7

Kirimi et al., 
2003      0    8

Nguyen Huu  
et al., 2022    0 0     7

Bari et al., 
2017    0 0     7

Teixeira et al., 
2021    0 0     7

TABLE 2. Newcastle-Ottawa Quality Assessment for Case Control Studies

Study

Selection Comparability Exposure

TotalIs the case 
definition 
adequate?

Repre-
senta-

tiveness 
of the 
cases

Selection 
of controls

Definition 
of controls

The most 
important 

factor

Any  
additional 

factor

Ascertain-
ment of 

exposure

Same 
method 
of ascer-
tainment 
for cases 

and  
controls

Non-
response 

rate

Basri et al., 
2015    0 0     7

Tadesse et al., 
2017    0 0     7

Kuti et al.,  
2015    0 0     7

McCormick  
et al., 2013    0 0     7

Chamkhaleh  
et al., 2021    0  0    7

Johnson  
et al., 2007    0 0     7

Okike et al., 
2018    0 0     7

Correa-Lima  
et al., 2014    0 0     7

Madoshi  
et al., 2022  0  0 0     6



Romanian JouRnal of PediatRics  – Volume 72, no. 3, 2023 105

FIGURE 2. Forest plot for age. (A) Age <5 years compared to ≥5 years; (B) Age <3 years compared to ≥3 years

FIGURE 3. Forest plot for consciousness, seizure, and duration of symptoms. (A) Decreased of consciousness compared to not 
decreased of consciousness; (B) Seizure compared to not seizure; (C) Duration of symptoms >3 days compared to ≤3 days
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TABLE 3. Characteristics of the included studies

Study

Total Score
(New Castle 

Ottawa 
Scale)

Study  
design Country Sample 

(n) Age Study period

Outcomes of study
(Risk factors for death in  
children with bacterial  

meningitis)
Rahimi BA  
et al., 2022

7 (high  
quality)

Cohort Afghanistan 393 <18 years February 2020- 
January 2021

• Coma on admission
• Not getting dexamethasone 

therapy
• Not getting PCV vaccination
• Male gender
• Purpura/petechiae

Basri et al., 
2015

7 (high  
quality)

Case 
control

Malaysia 125 <19 years January 2004-  
December 2011

• Age and decreased of  
consciousness (GCS<10)

Mioramalala  
et al., 2018

6  
(moderate 
quality)

Case 
control

Madagascar 446 3-59 
months

January 2012-  
December 2015

• Age
• Dense living environment
• Symptoms >5 days before 

admission
• Decreased of consciousness
• Meningococcal meningitis
• Number of siblings more than 3

Tadesse et al., 
2017

7 (high  
quality)

Case 
control

Ethiopia 99 ≤18 years January 2013-  
February 2014

• Malnutrition
• Duration of symptoms before 

admission
• Decreased of consciousness

Kuti et al.,  
2019

7 (high  
quality)

Case 
control

Nigeria 81 1 month - 
15 years

January 2011-  
December 2013

• Recurrent seizure
• Coma
• Neck stiffness
• Hyponatremia
• Hyperglycemia
• Low glucose level of CSF
• Positive bacteria on gram  

staining of CSF
McCormick 
DW et al., 
2013

7 (high  
quality)

Case 
control

Malawi 1784 <15 years July 1997- 
June 2010

• HIV seropositivity
• Nutritional status wasted and 

severely wasted 
• Moderate-severe anemia  

(Hb <8 gram/dL)
• Young age (< 24 months)
• Infection of Streptococcus 

pneumoniae and Salmonella spp
• Decreased of consciousness

Chamkhaleh 
MA et al., 
2020

7 (high  
quality)

Case 
control

Iran 202 1 months- 
18 years

23 December 
2007- 
16 December 2017

• Increase LDH level of CSF
• Increase protein level of CSF
• Age under 1 year old

Widjaja H  
et al., 2022

7 (high  
quality)

Cohort Indonesia 94 ≤5 years 
dan >5 
years

January 2016-  
December 2020

• Ratio of neutrophil-lymphocyte 
>5,225

• Pediatric Coma Scale 8
• Positive blood culture
• Positive CSF culture

Maniruzzaman 
et al., 2019

7 (high  
quality)

Cohort Bangladesh 60 1-12 years February 2012- 
February 2013

• Malnutrition

Bari A et al, 
2016

7 (high  
quality)

Cohort Pakistan 199 1 months 
- 5 years

January- 
December 2012

• Low intake
• Decreased of consciousness
• Pathogen Streptococcus  

pneumoniae
Pelkonen 
et al., 2022

7 (high 
quality)

Cohort Finland,  
Latin 
America, 
Angola

341, 
597, 

1085

2 months 
-15 years

1984-2017 • Moderate to severe anemia

Johnson et al., 
2007

9 (high 
quality)

Case 
control

Nigeria 71 <16 years 5 years • Abnormal respiratory rhythm 
on admission

• purulent / turbid CSF 
• CSF protein level >150mg/dl
• glucose CSF level <1mg/dl 
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Decreased	of	consciousness	were	reported	in	10	
studies.	 Analysis	 revealed	 that	 patient	 with	 de-
creased	 of	 consciousness	 was	 significantly	 more	
likely	to	die	than	patient	without	decreased	of	con-
sciousness	(OR	=4.85;	95%	CI,	1.25-18.86;	I2	93%;	P	=	
0.02)	(Figure	3).	Eight	studies	reported	seizure.	Me-
ta-analysis	revealed	that	seizure	 increases	 the	risk	
of	death	significantly	by	2.97	times	in	children	with	
bacterial	meningitis	(OR	=2.97;	95%	CI,	1.09-8.07;	I2	
81%;	P	=	0.03).	Duration	of	symptoms	before	admis-
sion	were	reported	in	10	studies.	Analysis	of	those	
studies	showed	that	there	was	no	significant	associ-
ation	between	symptom	duration	more	than	3	days	
before	admission	and	the	risk	of	death	in	children	
with	 bacterial	 meningitis	 (OR=0.32;	 95%	 CI,	 0.06-
1.84;	I2	87%;	P	=	0.20)	(Figure	3).	

There	were	two	studies	analyzed	regarding	ane-
mia	 with	 hematocrit	 criteria	 <30%.	 Meta-analysis	

revealed	that	anemia	with	hematocrit	criteria	<30%	
was	 not	 a	 risk	 factor	 for	 death	 in	 children	 with	 
bacterial	meningitis	 (OR	 =	 0.13;	 95%	 CI,	 0.00-3.63;	 
I2	92%;	P	=	0.23).	Two	studies	reported	anemia	with	
hemoglobin	 criteria	 <11	 mg/dl.	 Analysis	 showed	
that	 there	 was	 no	 significant	 association	 between	
anemia	with	hemoglobin	criteria	<	11	mg/dl	and	the	
risk	of	death	 in	children	with	bacterial	meningitis	
(OR=0.42;	 95%	 CI,	 0.00-1991.44;	 I2	 94%;	 P	 =	 0.84)	 
(Figure	4	A&B).	Nine	studies	were	analyzed	for	mal-
nutrition.	Meta-analysis	 showed	 that	malnutrition	
was	not	a	risk	factor	for	death	in	children	with	bac-
terial	meningitis	(OR	=	0.69;	95%	CI,	0.08-6.29;	I2	97%;	
P	=	0.74).	

Streptococcus pneumoniae	 compared	 to	Haemo-
philus influenzae from	CSF	culture	result	was	report-
ed	in	four	studies.	Analysis	showed	that	patient	with	
CSF	culture	result	of	Streptococcus pneumoniae	was	

Study

Total Score
(New Castle 

Ottawa 
Scale)

Study  
design Country Sample 

(n) Age Study period

Outcomes of study
(Risk factors for death in  
children with bacterial  

meningitis)
Kirimi E et al., 
2003

8 (high 
quality)

Cohort Turkey 48 2 months- 
13 years

February 1999 - 
December 2000

• not anemia, 
• low leukocyte count (<1000) on 

CSF 
• high CRP level on admission 
• Fever 36-48 hours after  

admission,
• decreased of consciousness
• high leukocyte count (>1000) 

on CSF
• low CRP level 

Okike IO et al., 
2018

7 (high 
quality)

Case 
control

United  
Kingdom 
and Irland

298 <90 days July 2010-  
July 2011

• Coma on admission,
• Meningococcal meningitis 
• Prematurity 

Correa-Lima 
AR, et al., 
2014

7 (high 
quality)

Case 
control

Brazil 289 1 months- 
14 years

January 2004- 
December 2008

• Seizures

Nguyen-Huu 
CD et al., 2022

7 (high 
quality)

Cohort Vietnam 33 1 months- 
15 years

January 2019-  
July 2021

• diarrhea
• low appetite
• seizure 
• local paralysis
• decreased of consciousness
• leucocyte >500 cells/mm3

• higher level of neutrophil on CSF 
Bari A et al., 
2017

7 (high 
quality)

Cohort Pakistan 503 1 months- 
5 years

not stated • low appetite
• sensors disturbance
• severe malnutrition
• prolonged duration of symptoms
• incomplete vaccination status 

Teixeira DC  
et al., 2021

7 (high 
quality)

Cohort Brazil 178 0-18 years not stated • age less than 1 years
• low CSF cellularity with median 

198 cells/mm3 
• seizures
• gastrointestinal symptoms
• clinical severity signs on  

admission
Madoshi PB  
et al., 2022

6  
(moderate 
quality)

Case 
control

Tanzania 71 neonatus 
and  
children 
<10 years

not stated • patient’s location
• mother’s parity
• patients with neurological signs
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significantly	more	likely	to	die	than	patient	with	CSF	
culture	result	of	Haemophilus influenzae (OR	=12.52;	
95%	 CI,	 8.95-17.52;	 I2	 39%;	 P	 <0.00001)	 (Figure	 5).	
Three	 studies	 reported	 Streptococcus pneumoniae 
compared	 to	 Neisseria meningitidis from	 CSF	 cul-
ture	result.	Analysis	of	 those	 studies	 revealed	 that	
there	was	no	significant	increase	in	risk	of	death	be-
tween	CSF	culture	result	of	Streptococcus pneumo-
niae	and	CSF	culture	result	of	Neisseria meningitidis 
(OR=153.34;	95%	CI,	0.19-124819.55;	I2	97%;	P	=	0.14).	
There	were	two	studies	analyzed	regarding	Strepto-
coccus pneumoniae	 compared	 to	 Escherichia coli 
from	CSF	culture	result.	Meta-analysis	revealed	that	
there	 was	 no	 significant	 association	 between	 CSF	
culture	result	of	Streptococcus pneumoniae and CSF 
culture	result	of	Escherichia coli (OR=15.40;	95%	CI,	
0.71-336.24;	I2	0%;	P	=	0.08).	Lastly,	there	were	five	
studies reported Streptococcus pneumoniae	 com-
pared	to	other	bacteria	from	CSF	culture	result.	Me-
ta-analysis	of	those	studies	revealed	that	there	was	
no	significant	increase	in	risk	of	death	between	CSF	
culture	result	of	Streptococcus pneumoniae and CSF 
culture	 result	 of	 other	 bacteria	 (OR=0.95;	 95%	 CI,	
0.21-4.23;	I2	86%;	P	=	0.95).	Other	bacteria	studied	in	
the	5	journals	were	Coagulase	negative	staphylococci,	
Haemophilus influenzae, Staphylococcus aureus, 
Gram-negative rods, Escherichia coli, Klebsiella, and 
Streptococcus pyogenes	[9];	Haemophilus influenzae, 
Neisseria meningitidis, Klebsiella, Staphylococcus  

aureus,	 Acinetobacter,	 and	 Gram-positive	 bacilli	
[10];	Haemophilus influenzae type B, Neisseria men-
ingitidis, Salmonella spp, Escherichia coli, Staphylo-
coccus aureus,	Gram-positive	diplococci,	and	Gram-
negative	rods	[11];	Escherichia coli and Pseudomonas 
aeruginosa	 [12];	 as	 well	 as	 Neisseria meningitidis 
and Haemophilus influenzae	type	B	[13].

DISCUSSION

Acute	 bacterial	 meningitis	 remains	 a	 global	
health	 challenge	 with	 high	 rates	 of	mortality	 and	
morbidity	despite	the	development	of	modern	anti-
biotic	 therapy	and	vaccination	 strategies.	 Identify-
ing	risk	factors	for	death	in	children	with	bacterial	
meningitis	can	help	determine	which	patients	may	
benefit	from	aggressive	therapeutic	intervention	to	
prevent	a	poor	prognosis.	

Young	age	is	one	of	the	factors	that	has	a	signifi-
cant	 influence	on	death	 in	 children	with	bacterial	
meningitis	in	the	results	of	our	meta-analysis,	in	our	
study	namely	age	less	than	five	years	and	less	than	
three	years.	This	is	in	accordance	with	research	con-
ducted	 by	 Basri	 et	 al	 in	 Kelantan,	 Malaysia	 that	
young	age	is	a	significant	factor	related	to	mortality	
[14].	This	can	be	explained	by	the	immature	status	
of	 cellular	 and	 humoral	 immunity	 which	 causes	
more	severe	infections	and	affects	the	brain	devel-
opment	of	young	children	[15].

FIGURE 4. Forest plot for anemia and malnutrition. (A) Anemia with criteria of hematocrit <30% compared 
to without anemia; (B) Anemia with criteria of hemoglobin <11 mg/dl compared to without anemia;  
(C) Malnutrition compared to without malnutrition
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Impaired	consciousness	is	an	indicator	of	severe	
neuronal	injury	that	contributes	to	high	mortality	in	
bacterial	 meningitis	 [11].	 Coma	 in	 children	 with	
meningitis	 can	 result	 from	 brain	 hemorrhage	 or	
thrombosis,	 hypoglycemia,	 or	 even	 brain	 edema	
[16,17].	 In	our	meta-analysis,	decreased	conscious-
ness	was	a	significant	risk	factor	for	death	in	chil-
dren	with	bacterial	meningitis.	This	is	in	accordance	
with	research	conducted	by	Basri	et	al	in	Kelantan,	
Malaysia,	 Pelkonen	 in	 Angola,	 and	 McCormick	 in	
Malawi	that	decreased	consciousness	is	a	significant	
factor	associated	with	death	[11,14,18].

The	results	of	our	meta-analysis	indicate	that	sei-
zures	 are	 a	 risk	 factor	 for	 death	 in	 children	with	
bacterial	meningitis.	This	is	in	accordance	with	re-
search	by	Roine	which	 states	 that	 in	 several	Latin	
American	countries	children	with	bacterial	menin-

gitis	 who	 experience	 seizures	 have	 a	 four	 times	
greater	risk	of	death	[19].	Seizures	may	occur	due	to	
irritation	of	brain	tissue	caused	by	the	inflammato-
ry	process;	brain	edema;	and	subdural	effusion	[16].	
Seizures	may	be	directly	associated	with	mortality,	
either	through	an	increased	risk	of	bronchial	aspi-
ration,	or	by	progression	of	seizures	to	status	epilep-
ticus.	According	 to	a	 study	by	Correa-Lima,	one	of	
three	children	with	bacterial	meningitis	who	expe-
rienced	acute	seizures	in	hospital	died	[20].

Based	 on	 a	 study	 by	 Olson	 in	 Guatemala,	 chil-
dren	 with	 symptoms	 that	 lasted	 more	 than	 three	
days	 before	 admission	 to	 hospital	 had	 a	 3.7	 times	
greater	risk	of	dying	[21].	According	to	Kirimi,	late	
admission	to	the	hospital	is	a	poor	prognostic	factor	
[22].	Symptom	duration	>3	days	was	not	a	risk	factor	
for	death	in	children	with	bacterial	meningitis	in	our	

FIGURE 5. Forest plot of CSF culture results. (A) Streptococcus pneumoniae compared to Haemophilus 
influenzae; (B) Streptococcus pneumoniae compared to Neisseria meningitidis; (C) Streptococcus 
pneumoniae compared to Escherichia coli; (D) Streptococcus pneumoniae compared to other bacteria
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meta-analysis.	This	may	be	due	to	faster	progression	
of	the	disease	due	to	more	pathogenic	bacteria	caus-
ing	the	patient’s	immune	system	being	weaker.	Fast-
er	disease	progression	causes	a	shorter	duration	of	
symptoms	before	admission	to	hospital,	resulting	in	
more	 deaths	 in	 children	with	 bacterial	meningitis	
than	patient	with	longer	duration	of	symptoms.

Anemia	can	make	children	more	likely	to	suffer	
from	infections,	although	on	the	other	hand,	infec-
tions	can	also	cause	anemia	[23,24].	Moderate	to	se-
vere	 anemia	 increases	 the	 risk	 of	 poor	 outcomes	
such	as	death	[25].	The	results	of	our	meta-analysis	
show	that	both	anemia	with	a	hematocrit	criterion	
of	<30%	and	anemia	with	a	hemoglobin	criterion	of	
<11	mg/dl	is	not	a	risk	factor	for	death	in	children	
with	bacterial	meningitis.	This	is	not	in	accordance	
with	 research	 by	 Roine	 in	 2008	which	 stated	 that	
anemia	was	a	risk	factor	for	death	in	children	with	
bacterial	 meningitis	 [19].	 This	 may	 be	 due	 to	 the	
small	number	of	subjects	in	the	majority	of	included	
studies.	In	addition,	the	heterogeneity	of	anemia	cri-
teria	between	studies	may	also	contribute	to	the	non-
significant	results	of	the	meta-analysis	of	our	study.

Protein	 energy	 malnutrition	 significantly	 in-
creases	 morbidity	 and	 mortality	 in	 children	 with	
bacterial	meningitis	although	the	mechanism	is	still	
unclear	[26].	In	the	results	of	our	meta-analysis,	we	
did	not	find	a	significant	relationship	between	mal-
nutrition	and	death	in	children	with	bacterial	men-
ingitis.	This	is	not	in	accordance	with	research	from	
McCormick	which	stated	that	there	was	an	associa-
tion	 between	 malnutrition	 and	 death	 in	 children	
with	bacterial	meningitis	 [11].	This	may	occur	due	
to	 variations	 in	 the	 malnutrition	 criteria	 used	 in	
each	study,	namely	in	defining	and	assessing	malnu-
trition	as	a	risk	factor	for	death	in	children	with	bac-
terial	meningitis.

Another	 factor	 from	 our	 meta-analysis	 which	
also	has	a	significant	effect	on	mortality	in	children	
with	bacterial	meningitis	 is	 the	results	of	 cerebro-
spinal	 fluid	 culture	 of	 Streptococcus	 pneumoniae	
when	 compared	 with	 the	 results	 of	 Haemophilus  
influenzae.	 These	 results	 are	 in	 accordance	with	 a	
study	by	de	 Jonge	which	 stated	 that	Streptococcus	
pneumoniae	 has	 more	 pathogenic	 potential	 than	
other	 types	 of	 bacteria	 [15].	 The	 high	mortality	 is	
thought	 to	 be	 due	 to	 the	 cell	 wall	 component	 of	
pneumococcal	 bacteria,	 namely	 platelet	 activating	
factor	[PAF),	which	can	cause	increased	permeabil-
ity	of	the	blood	brain	barrier	and	ultimately	cause	
brain	edema	[27].

On	the	other	hand,	the	results	of	subgroup	analy-
sis	calculations	in	our	meta-analysis	show	that	the	
results	of	cerebrospinal	fluid	culture	of	Streptococ-
cus pneumoniae	 are	 not	 a	 risk	 factor	 for	 death	 in	
children	with	bacterial	meningitis	when	compared	
to Neisseria meningitidis, Escherichia coli,	 and	 the	
sum	of	bacteria	 other	 than	Streptococcus pneumo-

niae. This	is	may	be	due	to	the	high	coverage	of	PCV	
immunization	in	the	countries	where	the	study	was	
conducted.	

Limitation of the study

Our	study	has	several	 limitations:	1)	 the	search	
strategy	was	limited	to	full	report	articles	published	
in	 English,	 from	 journals	 available	 in	 electronic	 
databases.	 This	 can	 lead	 to	 publication	 bias	 and	 
language	bias	because	it	can	miss	relevant	studies;	
2)	The	majority	of	studies	were	conducted	in	devel-
oping	countries,	so	the	results	cannot	be	generalized	
to	developed	countries;	3)	This	meta-analysis	does	
not	explore	studies	that	are	not	in	journal	form	and	
studies	that	are	not	published,	so	there	is	the	poten-
tial	 for	publication	bias;	and	4)	This	meta-analysis	
has	not	examined	other	risk	factors	that	often	cause	
death	in	children	with	bacterial	meningitis,	namely	
management	factors	and	complication	factors	such	as	
cerebral	edema,	brain	herniation,	and	hydrocephalus.

CONCLUSION

Age	less	than	three	years,	age	less	than	five	years,	
decreased	of	 consciousness,	 seizures,	 and	CSF	 cul-
ture results of Streptococcus pneumoniae	compared	
to Haemophilus influenzae	 were	 risk	 factors	 for	
death	 in	 children	with	 bacterial	meningitis,	while	
duration	of	symptoms	more	than	three	days	before	
admission,	 anemia	 with	 criteria	 for	 hematocrit	
<30%	or	hemoglobin	 <11	mg/dl,	malnutrition,	 and	
CSF	 culture	 results	 of	 Streptococcus pneumoniae 
compared	to	Neisseria meningitidis, Escherichia coli 
and	bacteria	other	 than	Streptococcus pneumoniae 
were	not	risk	factors	for	death	in	children	with	bac-
terial	meningitis.
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