
Table S1: PRISMA 2020 Checklist 

 

 
Table S2: Search Query for Literature  

 

Database Search Query 



PubMed (("meningeal"[All Fields] OR "meninges"[MeSH Terms] OR "meninges"[All Fields] 

OR "meninge"[All Fields] OR "meningism"[MeSH Terms] OR "meningism"[All 

Fields] OR "meningisms"[All Fields] OR "meningitis"[MeSH Terms] OR 

"meningitis"[All Fields] OR "meningitides"[All Fields]) AND 

("epidemiology"[MeSH Subheading] OR "epidemiology"[All Fields] OR 

"incidence"[All Fields] OR "incidence"[MeSH Terms] OR "incidences"[All Fields] 

OR "incident"[All Fields] OR "incidents"[All Fields] OR ("epidemiology"[MeSH 

Subheading] OR "epidemiology"[All Fields] OR "prevalence"[All Fields] OR 

"prevalence"[MeSH Terms] OR "prevalance"[All Fields] OR "prevalences"[All 

Fields] OR "prevalence s"[All Fields] OR "prevalent"[All Fields] OR 

"prevalently"[All Fields] OR "prevalents"[All Fields]) OR ("mortality"[MeSH 

Terms] OR "mortality"[All Fields] OR "mortalities"[All Fields] OR 

"mortality"[MeSH Subheading]) OR ("epidemiology"[MeSH Subheading] OR 

"epidemiology"[All Fields] OR "morbidity"[All Fields] OR "morbidity"[MeSH 

Terms] OR "morbid"[All Fields] OR "morbidities"[All Fields] OR "morbids"[All 

Fields]) OR "sequela*"[All Fields] OR (("ieee int conf automation sci eng 

case"[Journal] OR "case phila"[Journal] OR "case"[All Fields]) AND ("fatal"[All 

Fields] OR "fatalities"[All Fields] OR "fatality"[All Fields] OR "fatally"[All Fields])) 

OR (("risk"[MeSH Terms] OR "risk"[All Fields]) AND "factor*"[All Fields]))) AND 

((humans[Filter]) AND (allchild[Filter] OR allinfant[Filter] OR infant[Filter] OR 

newborn[Filter] OR preschoolchild[Filter]) AND (2010:2020[pdat])) 

Scopus TITLE-ABS-

KEY ( meningitis AND ( incidence OR prevalence OR mortality OR morbidity OR s

equela* OR case AND fatality OR risk AND factor* ) ) AND ( LIMIT-

TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) OR LIMIT-

TO ( PUBYEAR , 2017 ) OR LIMIT-TO ( PUBYEAR , 2016 ) OR LIMIT-

TO ( PUBYEAR , 2015 ) OR LIMIT-TO ( PUBYEAR , 2014 ) OR LIMIT-

TO ( PUBYEAR , 2013 ) OR LIMIT-TO ( PUBYEAR , 2012 ) OR LIMIT-

TO ( PUBYEAR , 2011 ) OR LIMIT-TO ( PUBYEAR , 2010 ) ) AND ( LIMIT-

TO ( EXACTKEYWORD , "human" ) OR LIMIT-

TO ( EXACTKEYWORD , "humans" ) ) 

 

 

Table S3: WHO definition of Acute meningitis* 

 

Suspected Meningits for Case Finding 

• Any child aged 0-59 months admitted to hospital with sudden onset fever (>38.5˚C rectal 

or 38˚C axillary) and one of the following signs: neck stiffness, altered consciousness with 

no other alternative diagnosis, or other meningeal signs OR 

• Any patient aged 0-59 months hospitalised with a clinical diagnosis of meningitis 

Probable Bacterial Meningitis 

A suspected meningitis case with cerebrospinal fluid (CSF) examination showing at least one of the 

following: 

• Turbid appearance 

• Leucocytosis (>100 cells/mm3) 

• Leucocytosis (10-100 cells/mm3) AND either an elevated protein (> 100 mg/dL) or 

deceased glucose (< 40 mg/dL). Note: If protein and glucose results are not available, 

diagnosis using the first two conditions (turbid appearance or leucocytosis > 100 

cells/mm3) 

Confirmed H. Influenzae Meningitis 

A suspected or probable meningitis case that is laboratory-confirmed by culture or identification of 

H. Influenzae (by antigen detection, immunochromotography, polymerase chain reaction (PCR) or 

other methods) in the CSF or blood from a child with a clinical syndrome consistent with 

meningitis.  



 

*Haemophilus influenzae [Internet]. Who.int. 2018 [cited 17 July 2021]. Available from: 

https://www.who.int/immunization/monitoring_surveillance/burden/vpd/WHO_SurveillanceVaccinePreventable

_05_HaemophilusInfluenzae_R2.pdf?ua=1 
 

Table S4: Data Extraction 

Author/Year of 
Publication 

Study 
Period 

Median 

Study 

Year 

Study 
Era 

WHO Region Study Site 
Study 
Design 

Study 

Duration 

(Mo) 

Study 
Setting 

Vaccina
tion Era 

Vaccine 

Introduction 

Year 

Diagnos

tic 

Criteria 

Age 

Range 

(mo) 

Number of 

Cases 

(Confirmed 

All;PRO 
YEAR) 

Number of 

Deaths 

(Confirmed 

All;PRO 
YEAR) 

Population 
Denominator 

Incidence (per 

100,000; Age 

≤5) 

Case-Fatality 
Rate (CFR) 

Quality 

Ba O et al., 

2010 
2006 2006 0 AFR Senegal 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 30.00 12.86 
1,312,300.

00 
2.2861 

0.4285714

3 
9 

Ba O et al., 

2010 
2007 2007 0 AFR Senegal 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 8.00 3.43 
1,312,300.

00 
0.6096 

0.4285714

3 
9 

Ba O et al., 

2010 
2008 2008 0 AFR Senegal 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 4.00 1.71 
1,312,300.

00 
0.3048 

0.4285714

3 
9 

Ba O et al., 

2010 
2002 2002 0 AFR Dakar 1 12 2 1 2005 

BC, 

LA, 

CSF, 

B 

0-59 41.00 NP 
269,900.0

0 
15.1908 NP 9 

Ba O et al., 

2010 
2003 2003 0 AFR Dakar 1 12 2 1 2005 

BC, 

LA, 

CSF, 

B 

0-59 30.00 NP 
269,900.0

0 
11.1152 NP 9 

Ba O et al., 

2010 
2004 2004 0 AFR Dakar 1 12 2 1 2005 

BC, 

LA, 

CSF, 

B 

0-59 56.00 NP 
269,900.0

0 
20.7484 NP 9 

Ba O et al., 

2010 
2005 2005 0 AFR Dakar 1 6 2 1 2005 

BC, 

LA, 

CSF, 

B 

0-59 24.00 NP 
269,900.0

0 
8.8922 NP 9 

Ba O et al., 

2010 
2005 2005 0 AFR Dakar 1 6 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 16.00 NP 
269,900.0

0 
5.9281 NP 9 

Ba O et al., 

2010 
2006 2006 0 AFR Dakar 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 12.00 NP 
269,900.0

0 
4.4461 NP 9 

Ba O et al., 

2010 
2007 2007 0 AFR Dakar 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 2.00 NP 
269,900.0

0 
0.7410 NP 9 

Ba O et al., 

2010 
2008 2008 0 AFR Dakar 1 12 2 2 2005 

BC, 

LA, 

CSF, 

B 

0-59 1.00 NP 
269,900.0

0 
0.3705 NP 9 

Edmond et al., 

2010 
2009 2009 0 AFR 

Dakar, 

Senegal 
1 12 1 2 2005 

CSF, 

LA 
1-59 24.00 NP 

312,300.0

0 

7.6849183

5 
NP 7 

Kaboré NF et 

al., 2012 

2004-

2005 
2005 0 AFR 

Burkina 

Faso 

(Bobo 

Dioulasso) 

2 24 2 1 2006 

CSF, 

PCR, 

BC, 

LA, G 

0-59 47.00 NP 
166,109.8

1 

28.294535

7 
NP 7 

Kaboré NF et 

al., 2012 

2006-

2008 
2007 0 AFR 

Burkina 

Faso 

(Bobo 

Dioulasso) 

2 36 2 2 2006 

CSF, 

PCR, 

BC, 

LA, G 

0-59 27.00 NP 
280,515.4

6 

9.6251379

2 
NP 7 

Kambiré D et 

al., 2016 
2011 2011 1 AFR 

Burkina 

Faso 
1 12 1 2 2006 

CSF, 

PCR, 

BC, 

LA, G 

0-59 16.00 1.22 
1,600,000.

00 
1 0.07625 10 

Kambiré D et 

al., 2016 
2012 2012 1 AFR 

Burkina 

Faso 
1 12 1 2 2006 

CSF, 

PCR, 

BC, 

LA, G 

0-59 13.00 0.00 
1,625,000.

00 
0.8 0 10 

Kambiré D et 

al., 2016 
2013 2013 1 AFR 

Burkina 

Faso 
1 12 1 2 2006 

CSF, 

PCR, 

BC, 

LA, G 

0-59 14.00 1.64 
2,333,333.

33 
0.6 

0.1171428

6 
10 

Karou SD et 

al., 2012 

2007-

2010 
2009 0 AFR Togo 2 48 2 1 + 2 2008 

CSF, 

BC, G 
0-59 14.00 NP 

549,534.7

7 

2.5476094

8 
NP 3 

Mwenda JM et 

al., 2019 
2011 2011 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

1 12 1 2 2007 

PCR. 

CSF, 

S 

1-59 1.00 NP 
4644803.6

78 

0.0215294

4 
NP 6 



, Uganda, 

Zambia, 

Zimbabwe 

Mwenda JM et 

al., 2019 
2012 2012 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

, Uganda, 

Zambia, 

Zimbabwe 

1 12 1 2 2007 

PCR. 

CSF, 

S 

1-59 9.00 NP 
4703752.8

99 

0.1913365

8 
NP 6 

Mwenda JM et 

al., 2019 
2013 2013 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

, Uganda, 

Zambia, 

Zimbabwe 

1 12 1 2 2007 

PCR. 

CSF, 

S 

1-59 10.00 NP 4943658 
0.2022793

6 
NP 6 

Mwenda JM et 

al., 2019 
2014 2014 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

, Uganda, 

Zambia, 

Zimbabwe 

1 12 1 2 2007 

PCR. 

CSF, 

S 

1-59 11.00 NP 
5106123.7

16 
0.2154276 NP 6 

Mwenda JM et 

al., 2019 
2015 2015 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

, Uganda, 

Zambia, 

Zimbabwe 

1 12 1 2 2007 

PCR. 

CSF, 

S 

1-59 10.00 NP 
5246857.6

24 

0.1905902

7 
NP 6 

Mwenda JM et 

al., 2019 
2016 2016 1 AFR 

South East 

Africa 

(Ethiopia, 

Lesotho, 

Madagasc

ar, 

Kingdom 

of 

Eswatini, 

Swaziland

, Uganda, 

Zambia, 

Zimbabwe 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 12.00 NP 
5400276.5

69 

0.2222108

4 
NP 6 

Mwenda JM et 

al., 2019 
2011 2011 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 0.00 NP 2123693.9 0 NP 6 

Mwenda JM et 

al., 2019 
2012 2012 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 2.00 NP 2198433.9 
0.0909738

5 
NP 6 

Mwenda JM et 

al., 2019 
2013 2013 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 4.00 NP 2276620.2 
0.1756990

5 
NP 6 

Mwenda JM et 

al., 2019 
2014 2014 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 7.00 NP 2358596 
0.2967867

3 
NP 6 

Mwenda JM et 

al., 2019 
2015 2015 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 2.00 NP 2444355.3 
0.0818211

7 
NP 6 

Mwenda JM et 

al., 2019 
2016 2016 1 AFR 

West-

Central 

Africa 

(Benin, 

Cameroon

, Gambia, 

Ghana, 

Niger, 

Nigeria, 

Senegal, 

Togo) 

1 12 1 2 2007 

LA, 

PCR. 

CSF, 

S 

1-59 4.00 NP 2533764.4 
0.1578678

7 
NP 6 

Soeters HM et 

al., 2019 

2015-

2017 
2016 1 AFR 

MenAfriN

et 

(Burkina 

Faso, 

Chad, 

Mali, 

Niger, 

Togo) 

1 36 2 2 2008 

CSF, 

PCR, 

LA, 

BC 

0-59 85.63 13.27 
15692300.

81 

0.5456561

2 

0.1549295

8 
7 



Tagbo BN et 

al., 2019 
2010 2010 1 AFR Nigeria 1 12 2 1 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 0.00 0.00 
5,440,000.

00 
0 0 8 

Tagbo BN et 

al., 2019 
2011 2011 1 AFR Nigeria 1 12 2 1 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 0.00 0.00 
5,440,000.

00 
0 0 8 

Tagbo BN et 

al., 2019 
2012 2012 1 AFR Nigeria 1 12 2 1 + 2 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 1.00 0.03 
5,440,000.

00 

0.0183823

5 
0.034 8 

Tagbo BN et 

al., 2019 
2013 2013 1 AFR Nigeria 1 12 2 1 + 2 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 2.00 0.07 
5,440,000.

00 

0.0367647

1 
0.034 8 

Tagbo BN et 

al., 2019 
2014 2014 1 AFR Nigeria 1 12 2 1 + 2 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 0.00 0.00 
5,440,000.

00 
0 0 8 

Tagbo BN et 

al., 2019 
2015 2015 1 AFR Nigeria 1 12 2 2 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 0.00 0.00 
5,440,000.

00 
0 0 8 

Tagbo BN et 

al., 2019 
2016 2016 1 AFR Nigeria 1 12 2 2 2012 

CSF, 

BC, 

G, 

LA, 

PCR, 

S 

0-59 8.00 0.27 
5,440,000.

00 

0.1470588

2 
0.034 8 

Von Gottberg 

A et al., 2012 

2003-

2009 
2006 0 AFR 

South 

Africa 
2 84 1 2 1999 

CSF, 

B, 

LA, 

G, 

PCR 

0-59 349.00 66.31 
35,420,15

7.50 

0.9853146

5 
0.19 7 

Gentile et al., 

2017 
1992 1992 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 10.00 0.57 
182,234.0

0 
5.4874502 

0.0571428

6 
7 

Gentile et al., 

2017 
1993 1993 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 19.00 0.57 
182,234.0

0 

10.426155

4 

0.0300751

9 
7 

Gentile et al., 

2017 
1994 1994 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 10.00 0.57 
182,234.0

0 
5.4874502 

0.0571428

6 
7 

Gentile et al., 

2017 
1995 1995 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 9.00 0.57 
182,234.0

0 

4.9387051

8 

0.0634920

6 
7 

Gentile et al., 

2017 
1996 1996 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 12.00 0.57 
182,234.0

0 

6.5849402

4 

0.0476190

5 
7 

Gentile et al., 

2017 
1997 1997 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 1997 

CSF, 

G, 

BC, 

B, A 

0-59 3.00 0.57 
182,234.0

0 

1.6462350

6 

0.1904761

9 
7 

Gentile et al., 

2017 
1998 1998 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 1 + 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 7.00 0.57 
182,234.0

0 

3.8412151

4 

0.0816326

5 
7 

Gentile et al., 

2017 
1999 1999 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
182,234.0

0 
0 0 7 



Gentile et al., 

2017 
2000 2000 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
182,234.0

0 
0 0 7 

Gentile et al., 

2017 
2001 2001 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 1.00 0.00 
157,607.0

0 

0.6344895

8 
0 7 

Gentile et al., 

2017 
2002 2002 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2003 2003 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2004 2004 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2005 2005 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 2.00 0.00 
157,607.0

0 

1.2689791

7 
0 7 

Gentile et al., 

2017 
2006 2006 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2007 2007 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2008 2008 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 2.00 0.00 
157,607.0

0 

1.2689791

7 
0 7 

Gentile et al., 

2017 
2009 2009 0 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
157,607.0

0 
0 0 7 

Gentile et al., 

2017 
2010 2010 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
165,638.0

0 
0 0 7 

Gentile et al., 

2017 
2011 2011 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
165,638.0

0 
0 0 7 

Gentile et al., 

2017 
2012 2012 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
165,638.0

0 
0 0 7 

Gentile et al., 

2017 
2013 2013 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 0.00 0.00 
165,638.0

0 
0 0 7 

Gentile et al., 

2017 
2014 2014 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 3.00 0.00 
165,638.0

0 

1.8111785

9 
0 7 

Gentile et al., 

2017 
2015 2015 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 5.00 0.00 
165,638.0

0 

3.0186309

9 
0 7 

Gentile et al., 

2017 
2016 2016 1 AMR 

Bueno 

Aires, 

Argentina 

2 12 2 2 1997 

CSF, 

G, 

BC, 

B, A 

0-59 2.00 0.00 
165,638.0

0 
1.2074524 0 7 

Schossler JG 

et al., 2013 

1999-

2010 
2005 0 AMR 

Rio 

Grande do 

Sul, Brazil 

2 144 1 2 1999 
CSF, 

B 
0-59 170.56 #REF! 

9,659,430.

00 
1.77 #REF! 4 

Zanella RC et 

al., 2011 

2000-

2002 
2001 0 AMR Brazil 2 36 1 2 1999 

B, 

CSF, 

G, 

LA, 

PCR 

0-59 54.00 NP 
3,292,683.

00 
1.64 NP 9 

Zanella RC et 

al., 2011 

2003-

2005 
2004 0 AMR Brazil 2 36 1 2 1999 

B, 

CSF, 

G, 

LA, 

PCR 

0-59 16.00 NP 
3,200,000.

00 
0.5 NP 9 

Zanella RC et 

al., 2011 

2006-

2008 
2007 0 AMR Brazil 2 36 1 2 1999 

B, 

CSF, 

G, 

LA, 

PCR 

0-59 19.00 NP 
4,523,810.

00 
0.42 NP 9 

Braikat M et 

al., 2012 

2004-

2009 
2007 0 EMR Morocco 2 72 2 1 + 2 2007 

CSF, 

LA, G 
0-59 105.00 42.00 

17,848,63

8.00 

0.5882801

8 
0.4 10 



Braikat M et 

al., 2012 
2004 2004 0 EMR Morocco 2 12 2 1 2007 

CSF, 

LA, G 
0-59 19.00 NP 

2,974,773.

00 
0.6387042 NP 10 

Braikat M et 

al., 2012 
2005 2005 0 EMR Morocco 2 12 2 1 2007 

CSF, 

LA, G 
0-59 29.00 NP 

2,974,773.

00 
0.9748643 NP 10 

Braikat M et 

al., 2012 
2006 2006 0 EMR Morocco 2 12 2 1 2007 

CSF, 

LA, G 
0-59 24.00 NP 

2,974,773.

00 

0.8067842

5 
NP 10 

Braikat M et 

al., 2012 
2007 2007 0 EMR Morocco 2 12 2 1 + 2 2007 

CSF, 

LA, G 
0-59 21.00 NP 

2,974,773.

00 

0.7059362

2 
NP 10 

Braikat M et 

al., 2012 
2008 2008 0 EMR Morocco 2 12 2 2 2007 

CSF, 

LA, G 
0-59 7.00 NP 

2,974,773.

00 

0.2353120

7 
NP 10 

Braikat M et 

al., 2012 
2009 2009 0 EMR Morocco 2 12 2 2 2007 

CSF, 

LA, G 
0-59 5.00 NP 

2,974,773.

00 

0.1680800

5 
NP 10 

Khalifa AB et 

al., 2011 

1999-

2006 
2003 0 EMR 

Monastir 

region, 

Tunisia 

2 96 2 1 + 2 2011 
CSF, 

LA  
3-59 29.00 NP 

417,639.1

6 

6.9437932

4 
NP 4 

Khowaja AR 

et al., 2013 

2008-

2011 
2010 1 EMR Pakistan 1 42 2 2 2009 

CSF, 

LA, 

PCR 

0-59 26.00 7.00 
1,889,596.

80 

1.3759549

1 

0.2692307

7 
8 

Teleb N et al., 

2013 
2005 2005 0 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 1 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 2.00 NP 
2,551,775.

74 

0.0783767

9 
NP 7 

Teleb N et al., 

2013 
2006 2006 0 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 1 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 10.00 NP 
2,603,062.

53 

0.3841628

8 
NP 7 

Teleb N et al., 

2013 
2007 2007 0 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 1 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 7.00 NP 
2,655,787.

68 

0.2635752

9 
NP 7 

Teleb N et al., 

2013 
2008 2008 0 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 1 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 0.00 NP 
2,709,742.

60 
0 NP 7 



Teleb N et al., 

2013 
2009 2009 0 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 2 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 3.00 NP 
2,677,680.

63 

0.1120372

6 
NP 7 

Teleb N et al., 

2013 
2010 2010 1 EMR 

Pakistan 

(Lahore, 

Karachi 

City) 

1 12 1 2 2009 

CSF, 

G, 

BC, 

PCR, 

LA 

1-59 2.00 NP 
2,727,923.

77 

0.0733158

3 
NP 7 

Zaidi AK et 

al., 2010 

2004-

2005 
2005 0 EMR 

Pakistan 

(Karachi) 
1 12 2 1 2009 

CSF, 

LA, 

BC 

0-59 28.00 0.00 
2,333,333.

33 
1.2 0 7 

Zaidi AK et 

al., 2010 

2004-

2005 
2005 0 EMR 

Pakistan 

(Hyderaba

d) 

1 12 2 1 2009 

CSF, 

LA, 

BC 

0-59 17.00 0.00 
222,855.0

0 
7.6 0 7 

Ceyhan M et 

al., 2014 

2005-

2010 
2008 0 EUR Turkey 1 72 2 1 + 2 2006 

G, 

BC, 

CSF, 

PCR, 

A 

1-59 50.95 1.30 
13,267,34

9.00 
0.3840104 NP 6 

Ceyhan M et 

al., 2014 

2011-

2012 
2011 1 EUR Turkey 1 24 2 2 2006 

G, 

BC, 

CSF, 

PCR, 

A 

1-59 1.00 1.30 
4,422,449.

67 
0.0226119 NP 6 

Collin S et al., 

2013 

2009-

2012 
2011 1 EUR 

UK 

(England 

& Wales) 

1 48 2 2 1992 

LA, 

PCR, 

CSF 

0-59 15.00 1.00 
38,333,33

3.00 
0.03913 0.066667 4 

Griffiths et al., 

2011 

2002-

2008 
2005 0 EUR Belarus 2 84 1 2 2019 

CSF, 

BC 
1-59 30 NP 

3,163,720.

00 

6.6377555

5 
NP 7 

Griffiths et al., 

2011 
2002 2002 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 2.00 NP 

451,960.0

0 

0.4425170

4 
NP 7 

Griffiths et al., 

2011 
2003 2003 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 6.00 NP 

451,960.0

0 

1.3275511

1 
NP 7 

Griffiths et al., 

2011 
2004 2004 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 5.00 NP 

451,960.0

0 

1.1062925

9 
NP 7 

Griffiths et al., 

2011 
2005 2005 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 7.00 NP 

451,960.0

0 

1.5488096

3 
NP 7 

Griffiths et al., 

2011 
2006 2006 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 1.00 NP 

451,960.0

0 

0.2212585

2 
NP 7 

Griffiths et al., 

2011 
2007 2007 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 5.00 NP 

451,960.0

0 

1.1062925

9 
NP 7 

Griffiths et al., 

2011 
2008 2008 0 EUR Belarus 2 12 1 2 2019 

CSF, 

BC 
1-59 4.00 NP 

451,960.0

0 

0.8850340

7 
NP 7 

Griffiths et al., 

2011 

2002-

2004 
2003 0 EUR 

Uzbekista

n 
2 36 1 2 2019 

PCR, 

CSF 
1-59 14.00 NP 

9,486,453.

00 

0.1475788

7 
NP 7 

Hudeckova et 

al., 2010 

1997-

2007 
2002 0 EUR Slovakia 2 132 1 2 2000 

CSF, 

LA 
0-48 109.00 NP 

2,849,000.

00 

3.8259038

3 
NP 5 

Levy C et al., 

2014 

2001-

2012 
2007 0 EUR France 1 144 2 2 1992 

CSF, 

PCR, 

BC 

0-59 54.00 1.19 
46,014,98

4.00 

0.1173530

8 
0.022 8 

Batuwanthuda

we et al., 2010 
2004 2004 0 SEAR 

Colombo, 

Srilanka 
1 12 1 1 2008 

BC, 

CSF, 

LA 

0-59 54.00 3.00 
179,103.0

0 
30.1502 

0.0555555

6 
9 

Jayaraman et 

al., 2018 

2012-

2013 
2013 1 SEAR India 1 12 2 2 2013 

LA, 

PCR, 

CSF, 

B, BC 

1-59 37.00 NP 
638,491.6

7 

5.7949072

7 
NP 5 

Cho HK et al., 

2010 

1996-

2005 
2001 0 WPR Korea 2 120 2 2 2012 

LA, 

CSF, 

BC, B 

0-59 63.00 0.00 10925119 0.58 0.00 6 

Greenhill et 

al., 2015 

1996-

2005 
2001 0 WPR 

Papua 

New 

Guinea 

1 120 2 1 2008 

G, 

BC, 

CC, 

CSF, 

S 

0-59 148.00 NP 
655,326.0

3 

22.584178

4 
NP 7 



 

 

Table S5: Quality Assessment Criteria 

 

Quality Criteria  Assessment Score 

Maximum 

Score 

Study Design 

Were the meningitis cases clearly 

defined: Clinical diagnosis and 

Laboratory confirmed diagnosis? 

Yes 1 

3 

No 0 

Leung B et al., 

2012 

1995-

2009 
2002 0 WPR 

Aukland, 

New 

Zealand 

2 180 1 2 1994 

CSF, 

BC, 

PCR 

0-59 23.28 NP 
1,411,155.

00 
1.65 NP 8 

Nakamura R et 

al., 2013 
2008 2008 0 WPR 

Japan, 

Hokkaido 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 12.00 NP 
206,910.0

0 
5.8 NP 5 

Nakamura R et 

al., 2013 
2008 2008 0 WPR 

Japan, 

Okinawa 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 3.97 NP 81,246.74 4.89 NP 5 

Nakamura R et 

al., 2013 
2009 2009 0 WPR 

Japan, 

Hokkaido 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 13.00 NP 
204,247.0

0 
6.36 NP 5 

Nakamura R et 

al., 2013 
2009 2009 0 WPR 

Japan, 

Okinawa 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 4.00 NP 81,798.00 4.89 NP 5 

Nakamura R et 

al., 2013 
2010 2010 1 WPR 

Japan, 

Hokkaido 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 12.00 NP 
203,366.0

0 
5.9 NP 5 

Nakamura R et 

al., 2013 
2010 2010 1 WPR 

Japan, 

Okinawa 
1 12 2 1 2011 

BC, 

CSF, 

PCR 

1-59 7.00 NP 82,353.00 8.5 NP 5 

Nakamura R et 

al., 2013 

2007-

2011 
2009 0 WPR 

Japan, 

Hokkaido 
1 60 2 1 2011 

BC, 

CSF, 

PCR 

1-59 11.31 NP 
203,366.0

0 
5.56 NP 5 

Nyambat B et 

al., 2011 

2004-

2005 
2005 0 WPR 

Vietnam, 

Ho Chi 

Minh City 

2 24 2 1 2010 
CSF, 

BC 
0-59 15.00 1.00 66,666.67 22.5 

0.0666666

7 
9 

Nyambat B et 

al., 2011 

2004-

2005 
2005 0 WPR 

Vietnam, 

Hanoi 
2 24 2 1 2010 

CSF, 

BC 
0-59 10.00 0.00 

102,040.8

2 
9.8 0 9 

Scott S et al., 

2013 

2002-

2004 
2003 0 WPR 

Mongolia, 

Ulaanbaat

ar 

1 36 2 1 2008 

CSF, 

PCR, 

LA, 

BC 

2-59 50.00 8.00 
180,141.0

0 

27.756035

5 
0.16 10 

Scott S et al., 

2013 

2005-

2007 
2006 0 WPR 

Mongolia, 

Ulaanbaat

ar 

1 36 2 2 2008 

CSF, 

PCR, 

LA, 

BC 

2-59 8.00 1.00 
180,141.0

0 

4.4409656

9 
0.125 10 

Scott S et al., 

2013 

2008-

2010 
2009 0 WPR 

Mongolia, 

Ulaanbaat

ar 

1 36 2 2 2008 

CSF, 

PCR, 

LA, 

BC 

2-59 4.00 0.00 
200,000.0

0 
2 0 10 

Wu et al., 

2019 

2006-

2013 
2010 1 WPR China  1 96 2 2 N/A 

B, 

CSF, 

PCR 

0-59 10.00 NP 
2,173,913.

04 
0.46 NP 5 

Shinjoh et al., 

2012 

2009-

2010 
2010 0 WPR Japan 2 24 2 2 2011 

BC, 

PCR, 

CSF 

1-59 85.00 15.30 
1,164,383.

56 
7.3 0.18 6 

Shinjoh et al., 

2014 

2011-

2012 
2012 1 WPR Japan 2 24 2 2 2011 

CSF, 

PCR, 

BC 

0-48 82.00 NP 
1,164,383.

56 

7.0423529

4 
NP 9 



Were lumbar puncture/CSF 

consistently implemented across ALL 

study participants? 

Yes 1 

Ambiguous 0 

Were inclusion and/or exclusion 

criteria for being in the study 

prespecified and applied uniformly 

to all participants? 

Yes 1 

No 0 

Were the limitations stated in the study? 

Yes 2 

2 Ambiguous 1 

No 0 

Sampling and 

Denominator 

Was the sampling technique 

defined ? 

Yes 2 

5 

Unclear 1 

No 0 

Was the sample population given ? 
Yes  1 

Extrapolated 0 

Was the sample appropriate for 

larger population ? 

Yes 2 

Unsure 1 

No 0 

Total (High: 7-10, Moderate: 4-6 , Low Quality: 0-3) 10 

 

Table S6: Median, Minimum, and Maximum values of Incidence and CFR by WHO region 

 

  
Number of 

Studies 

Median 

Incident 

Rate 

(Per 

100,000 

child-

years) 

Interquartile 

Range (IQR) 
Minimum Maximum 

Median 

Case-

Fatality 

Rate 

Interquartile 

Range 
Minimum Maximum 

Africa (AFR) 9 0.55 0.19-3.97 0.02 28.29 0.14 0.04-0.37 0.03 0.43 

AMR (AMR) 3 1.77 1.27-4.94 0.42 10.43 0.06 0.05-0.11 0.03 0.36 

Eastern 

Mediterranean 
(EMR) 

5 0.61 0.22-1.03 0.07 7.60 0.33 0.30-0.37 0.27 0.40 

Europe (EUR) 5 0.66 0.17-1.27 0.02 6.64 0.04 0.03-0.06 0.02 0.07 

South East 

Asia (SEAR) 
2 11.58 

11.88-

24.06 
5.79 30.15  * * * * 

Western 

Pacific (WPR) 
9 5.80 4.55-8.20 0.46 27.76 0.14 0.11-0.17 0.07 0.18 

World 33 1.20 0.30-5.56 0.02 30.15 0.08 0.06-0.19 0.02 0.43 

*Not enough data for accurate calculation 

 

 

Figure S1: Funnel Plot Showing Distribution of Studies 



  
 

 

Figure S2: Meta-analysis Results 

 

 

Incidence of Hib meningitis by income level of countries 

 

Incidence of Hib meningitis in Community-based studies and Hospital-based studies 



 

Incidence of Hib meningitis before 2010 and after 2010  

 

Table S7: Vaccination Status of WHO Regions18 

 

  
Total 

Countries Total 

Vaccination 

% 

Vaccinated 

Non 

Vaccinated 

% Non 

vaccinated 

Pre 

2010 

Since 

2010 

%Pre 

2010 

% Post 

2010 

Africa (AFR) 47 
47 100.00% 0 0.00% 

40 7 85.11% 14.89% 

AMR (AMR) 54 
35 64.81% 19 35.19% 

33 
1 

94.29% 2.86% 

Eastern 

Mediterranean 

(EMR) 

23 

21 91.30% 2 8.70% 

16 5 76.19% 23.81% 

Europe (EUR) 53 
53 100.00% 0 0.00% 

45 7 84.91% 13.21% 

South East Asia 

(SEAR) 

11 

10 90.91% 1 9.09% 

3 7 30.00% 70.00% 

Western Pacific 

(WPR) 
37 

26 70.27% 11 29.73% 

19 8 73.08% 30.77% 

Total 225 192 85.33% 33 14.67% 156 35 81.25% 18.23% 

 

 

Table S8: List of data sets with extrapolated population denominator 

Author/Year 

of 

Publication 

Study 

Period 

Population 

Denominator 

Ceyhan M 

et al., 2014 

2011-

2012 
4,422,449.67 

Greenhill et 

al., 2015 

1996-

2005 
655,326.03 

Jayaraman 

et al., 2018 

2012-

2013 
638,491.67 

Kaboré NF 

et al., 2012 

2004-

2005 
166,109.81 



Kaboré NF 

et al., 2012 

2006-

2008 
280,515.46 

Khalifa AB 

et al., 2011 

1999-

2006 
417,639.16 

Khowaja 

AR et al., 

2013 

2008-

2011 
1,889,596.80 

Mwenda JM 

et al., 2019 
2011 4644803.678 

Mwenda JM 

et al., 2019 
2012 4703752.899 

Mwenda JM 

et al., 2019 
2013 4943658 

Mwenda JM 

et al., 2019 
2014 5106123.716 

Mwenda JM 

et al., 2019 
2015 5246857.624 

Mwenda JM 

et al., 2019 
2016 5400276.569 

Mwenda JM 

et al., 2019 
2011 2123693.9 

Mwenda JM 

et al., 2019 
2012 2198433.9 

Mwenda JM 

et al., 2019 
2013 2276620.2 

Mwenda JM 

et al., 2019 
2014 2358596 

Mwenda JM 

et al., 2019 
2015 2444355.3 

Mwenda JM 

et al., 2019 
2016 2533764.4 

Nakamura 

R et al., 

2013 

2008 81,246.74 

Schossler 

JG et al., 

2013 

1999-

2010 
9,659,430.00 

Soeters HM 

et al., 2019 

2015-

2017 
15692300.81 



Teleb N et 

al., 2013 
2005 2,551,775.74 

Teleb N et 

al., 2013 
2006 2,603,062.53 

Teleb N et 

al., 2013 
2007 2,655,787.68 

Teleb N et 

al., 2013 
2008 2,709,742.60 

Teleb N et 

al., 2013 
2009 2,677,680.63 

Teleb N et 

al., 2013 
2010 2,727,923.77 

Wu et al., 

2019 

2006-

2013 
2,173,913.04 

Zaidi AK et 

al., 2010 

2004-

2005 
2,333,333.33 

 

 


