
World Health Organization
WHO

Vaccines and Biologicals

WHO/V&B/02.18
ORIGINAL: ENGLISH

Haemophilus inf luenzae type b (Hib) 
meningitis in the pre-vaccine era: a global review of

incidence, age distributions, and case-fatality rates



WHO

Vaccines and Biologicals

Haemophilus inf luenzae type b (Hib) 
meningitis in the pre-vaccine era: a global review of

incidence, age distributions, and case-fatality rates

World Health Organization

WHO/V&B/02.18
ORIGINAL: ENGLISH

John V. Bennett, Professor, Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta, Georgia, USA
Alexander E. Platonov, Head, Laboratory of Meningococcal Infection and Bacterial Meningitis, Central Institute of Epidemiology, Moscow, Russian Federation

Mary P. E. Slack, Head, WHO Collaborating Centre on Haemophilus inf luenzae, Public Health Laboratory Service Haemophilus Reference Unit, Oxford, United Kingdom
Peter Mala, Anthony H. Burton and Susan E. Robertson, Department of Vaccines and Biologicals, World Health Organization, Geneva, Switzerland



ii

The Department of Vaccines and Biologicals
thanks the donors whose unspecified financial support

has made the production of this document possible.

This document was produced by the
Vaccine Assessment and Monitoring team

of the Department of Vaccines and Biologicals

Ordering code: WHO/V&B/02.18
Printed:  October 2002

This document is available on the Internet at:
www.who.int/vaccines-documents/

Copies may be requested from:
World Health Organization

Department of Vaccines and Biologicals
CH-1211 Geneva 27, Switzerland

 •  Fax: + 41 22 791 4227 • Email: vaccines@who.int  •

© World Health Organization 2002

All rights reserved. Publications of the World Health Organization can be obtained from Marketing
and Dissemination, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland
(tel.: +41 22 791 2476; fax: +41 22 791 4857; email: bookorders@who.int). Requests for permission to
reproduce or translate WHO publications – whether for sale or for noncommercial distribution – should
be addressed to Publications, at the above address (fax: +41 22 791 4806; email: permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the World Health Organization concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there may
not yet be full agreement.

The named authors alone are responsible for the views expressed in this publication.

The World Health Organization does not warrant that the information contained in this publication is
complete and correct and shall not be liable for any damages incurred as a result of its use.



iii

Contents

Abbreviations ...........................................................................................................v

Executive summary ................................................................................................vii

Acknowledgements ................................................................................................. ix

1. Introduction .....................................................................................................1

2. Methods ............................................................................................................3

2.1 Literature search .......................................................................................3
2.2 Inclusion criteria ........................................................................................4
2.3 Classification of studies .............................................................................4
2.4 Classification of countries .........................................................................4
2.5 Information abstracted ..............................................................................5
2.6 Data analysis ..............................................................................................6

3. Results ..............................................................................................................8

3.1 Overall findings .........................................................................................8
3.2 Time trends ................................................................................................9
3.3 Antibiotic pre-treatment .........................................................................10
3.4 Antigen tests ............................................................................................12
3.5 Chocolate agar culture medium ..............................................................15
3.6 Ratio of Hib meningitis to pneumococcal meningitis ..............................15
3.7 Bacterial meningitis .................................................................................16
3.8 Age distribution of Hib meningitis cases ................................................17
3.9 Age and incidence analysis ......................................................................22
3.10 Risk of Hib meningitis, by country .........................................................27
3.11 Regional comparisons ..............................................................................29

4. Discussion .......................................................................................................36

4.1 Limitations of Hib meningitis incidence studies ......................................36
4.2 Age distribution of Hib meningitis cases ................................................37
4.3 Ratio of Hib meningitis to pneumococcal meningitis ..............................39
4.4 Antibiotic pre-treatment .........................................................................39
4.5 Antigen tests ............................................................................................40



iv

5. References .......................................................................................................41

Annex 1: Countries and territories, by WHO region .....................................46

Annex 2: Tables summarizing information from 229 studies
of Haemophilus influenzae type b (Hib) meningitis in
children < 5 years of age, by WHO region ......................................48

Annex 3: References for Annex 2, by WHO region ........................................72

Annex 4: Selected features of studies included in each of
the five clusters ..................................................................................89



v

AFR African Region (WHO)

AMR Region of the Americas (WHO)

CSF cerebrospinal fluid

ELISA enzyme-link immunosorbent assay

EMR Eastern Mediterranean Region (WHO)

EUR European Region (WHO)

Hib Haemophilus influenzae type b

PAHO Pan American Health Organization

SAGE Strategic Advisory Group of Experts

SEAR South-East Asia Region (WHO)

V&B Department of Vaccines and Biologicals (WHO)

WHO World Health Organization

WPR Western Pacific Region (WHO)

Abbreviations



v i



vii

Executive summary

Most of the morbidity and mortality due to Haemophilus influenzae type b (Hib)
worldwide occurs in children < 5 years of age. The role of Hib in meningitis can be
more readily and reliably established than its role in infections in other sites.
Thus, the incidence of Hib meningitis in children < 5 years of age has been used as a
standard measure for comparing Hib disease burden between and among countries.
This review summarizes the findings of Hib meningitis studies in all regions of the
world (Annex 1) in the pre-vaccine era.

A comprehensive literature search, carried out with the assistance of the WHO
regional offices, identified some 229 studies with information about Hib meningitis
in children < 5 years of age conducted before the widespread introduction of Hib
vaccine. Annex 2 of this document consists of tables that systematically summarize
information from these 229 studies, by WHO region. Annex 3 lists the references
for Annex 2, by WHO region.

The text of this document contains scientific analyses of data abstracted from
the 229 studies. The entire data set includes nearly 30 000 cases of Hib meningitis
in children < 5 years of age and more than 2100 deaths. Studies were identified
from all WHO regions, with 43 (19%) from Africa (AFR), 44 (19%) from the
Americas (AMR), 23 (10%) from the Eastern Mediterranean (EMR), 72 (31%) from
Europe (EUR), 12 (5%) from South-East Asia (SEAR), and 35 (15%) from the
Western Pacific (WPR). Sixty-two percent of the 229 studies were conducted in
developing countries.

Hib meningitis incidence.  There were 132 population-based studies with incidence
data and 97 hospital-based studies. Eleven of the 132 population-based studies
concerned special-risk groups in industrialized countries [Aboriginals (Australia),
Alaskan Eskimos (USA), Apache Indians (USA), Keewatin Natives (Canada),
and Navajo Indians (USA)]. For the special-risk groups, the mean annual incidence
of Hib meningitis in children < 5 years of age was 418.1/100 000, with a range of
34.5 to 530. For the remaining 121 population-based studies, the mean annual
incidence of Hib meningitis in children < 5 years of age was 22.8/100 000, with a
median of 18.0, and a range 0.9 to 94.6.

Many factors can affect the quality of population-based studies of Hib meningitis,
including patient access to and utilization of medical services, pre-treatment of patients
with antibiotics, and quality of laboratory methods. Studies in this review provided
sufficient data to examine several of these factors. Data from 3 566 patients showed
that when children received pre-admission treatment with antibiotics, the frequency
of a positive bacterial culture of cerebrospinal fluid was only 52%, compared with
74% when children had not received prior antibiotic treatment (p<0.0001).
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Data from 13 studies conducted in the pre-vaccine era — most from developing
countries — permitted assessment of the efficiency of antigen tests for Hib,
which were able to detect an organism in 32% of cerebrospinal fluid specimens that
were negative on bacterial culture.

Age distribution of Hib meningitis cases.  Overall, 22.6% of < 5 year Hib meningitis
cases were in children 1-5 months of age, 35.6% in children 6–11 months of age,
and 23.8% in children 12-23 months of age.  Several previous authors have reported
a younger median age at onset of Hib meningitis when there is a high incidence of
Hib meningitis in children < 5 years of age. This paper explores this topic in
considerable detail, using age distributions, graphing of cumulative age distributions,
and logistic and linear regression. The greater the proportion of Hib meningitis cases
in children 0–11 months old, the higher the overall incidence of Hib meningitis in
children < 5 years of age.  The percentage of studies with > 60% of cases in children
0–11 months of age was 100% in SEAR (n=5), 92% in EMR (n=13), 90% in
AFR (n=19), 53% in WPR (n=19), 50% in AMR (n=24), and 8% in EUR (n=38).

Hib meningitis case-fatality rates.  A total of 127 studies had information on
case-fatality rates. The mean case-fatality rate for children with Hib meningitis was
13.8%, with a median of 10%, and a range of 0% to 65%. The mean case-fatality
rate was 17.3% for developing countries, compared with 3.2% for industrialized
countries.  By region, mean case-fatality rates ranged from a low of 4.1% in EUR to
a high of 27.6% in AFR.
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Haemophilus influenzae type b (Hib) causes serious diseases manifested by meningitis,
pneumonia, septicaemia, epiglottitis, cellulitis, septic arthritis, and osteomyelitis.
The vast majority of Hib morbidity and mortality occurs in children < 5 years of age
(WHO/GPV 1998).

Since June 1997, the World Health Organization (WHO) has recommended including
Hib vaccine, as appropriate to national capacities and priorities, in routine
infant immunization programmes (SAGE 1997). Safe and effective conjugated
vaccines against Hib are available. Their use has led to dramatic declines in the
incidence of Hib disease in countries such as Finland (Peltola et al. 1992),
Gambia (Adegbola et al. 1999), Israel (Dagan et al. 1998), the United Kingdom
(Slack et al. 1998), Uruguay (Ruocco et al. 1999), and the United States of America
(Adams et al. 1993). One deterrent to the introduction of Hib vaccines has been the
lack of local information in many countries on the burden due to Hib disease
(Lau 1999, Wenger et al. 2000). A second deterrent to Hib vaccine introduction has
been the cost of the vaccine. For most countries, the price of a 3-dose series of Hib
vaccine far exceeds the price of all other vaccines in the routine infant immunization
schedule (Wenger et al. 2000); however, prices have been dropping. In 2001, prices
of vaccines purchased by countries in Latin America and the Caribbean through the
Pan American Health Organization (PAHO) Revolving Fund for Vaccine
Procurement were US$ 2.50 to US$ 2.56 per dose of single-antigen Hib vaccine,
and US$ 3.50 per dose of pentavalent diphtheria–tetanus–pertussis–hepatitis B–Hib
vaccine (PAHO 2000). Based on data reported to WHO as of  July 2000, some
50 countries had implemented routine Hib immunization for infants
(WHO/V&B 2000) and as of  May 2002 this number had risen to 89 countries
(WHO/V&B 2002).

Since the mid-1990s, there has been recognition that further work was needed to
assess the disease burden due to Hib. The Steering Committee on Epidemiology and
Field Research of the WHO Department of Vaccines and Biologicals has carried out
three types of activities aimed at addressing this issue: (a) development of a
standard population-based protocol for assessing the local Hib disease burden in
children < 5 years of age, (b) sponsorship of a limited number of large-scale studies
using the WHO protocol, and (c) organization of a global review of studies on Hib
meningitis with the assistance of the WHO regional offices.

1. Introduction
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In 1995, WHO released the “Generic protocol for the assessment of disease burden
due to Haemophilus meningitis in children younger than five years of age”
(Levine et al. 1995). Meningitis was the deliberate focus, since the role of Hib in
meningitis can generally be established far more readily and reliably than in infections
in other sites, such as pneumonia and epiglottitis.  By 2001, more than 3000 copies
of the WHO protocol had been distributed worldwide.

During 1997–1999, large-scale population-based Hib meningitis surveillance studies
were initiated with funding from WHO in six countries: Bulgaria, Dominican
Republic, Guatemala, India, Poland, and the Russian Federation. Each of these studies
was based on the WHO generic protocol (Levine et al. 1995) and a WHO manual of
laboratory procedures (Popovic et al. 1997) . The Steering Committee on
Epidemiology and Field Research provided scientific oversight for these studies,
which included peer review of the original study protocols, critical assessment of
progress reports, site visits where indicated, and laboratory proficiency testing.

As part of the WHO response to the need for more in-depth information on the
incidence of Hib meningitis worldwide, a review of the global literature was begun
in 1999 under the sponsorship of the Steering Committee on Epidemiology and
Field Research. This has focused on obtaining publications listed in standard
biomedical literature indexing databases, those in regional medical literature indexing
databases, and (with the assistance of the WHO regional offices) reports not included
in the indexing databases. These efforts add to those of others who have conducted
regional or global literature reviews on Hib meningitis (Sow and Denis 1979,
Wright 1989, Funkhauser et al. 1991, Bijlmer 1991, Claesson 1993, Peltola
1997–2001, Lau 1999, Lolekha et al. 2000).
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2.1 Literature search

Studies of “meningitis”, “bacterial meningitis”, “Haemophilus meningitis”, and
“Hib meningitis” were identified by conducting online literature searches using
Ovid software (http://www.ovid.com). There were no restrictions on language of
publication or date of publication. We searched the following databases:

• Medline, the United States National Library of Medicine bibliographic database,
which covers over 3800 international biomedical journals from 1966 on;

• African Index Medicus (AIM) database, produced by the Association for Health
Information and Libraries in Africa with the technical support of WHO;

• CAB Health database (http:/www.cabi.com), which indexes articles from over
3300 serial resources related to communicable diseases, community and public
health, human nutrition, and tropical diseases;

• Index Medicus for the WHO Eastern Mediterranean Region (IMEMR),
a database managed by the WHO Eastern Mediterranean Regional Office;

• Latin American and Caribbean Health Science Information (LILACS) database,
which incorporates citations from over 6000 health science journals published
since 1982 in countries of the region. LILACS is produced by BIREME,
the Latin American and Caribbean Center on Health Sciences Information,
which receives support from the WHO Regional Office for the Americas.

At the WHO Library in Geneva, two of the authors hand-searched the following
medical journals: Annals of Saudi Medicine (from 1985); Bahrain Medical Journal
(from 1985); Emirates Medical Journal (from 1980); Indian Pediatrics (from 1975);
Malawi Medical Journal (from 1985); Medical Journal of Malaysia (from 1975);
Medical Journal of Zambia  (from 1975); Papua New Guinea Medical Journal
(from 1975); Philippines Journal of Pediatrics (from 1975).

We reviewed progress reports on studies of Hib meningitis receiving financial support
from the WHO Department of Vaccines and Biologicals.

Requests were made to national ministries of health through the WHO regional and
country offices for data on Hib meningitis from local medical journals, newsletters,
university theses, and unpublished reports.

In addition to studies identified through these sources, lists of references in published
papers were also reviewed and used to identify other relevant publications.

The database was closed on 31 October 2001.

2. Methods
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2.2 Inclusion criteria

Unless otherwise qualified, in this paper the term “case” is used to signify a
Hib meningitis patient, and the term “rate” to signify the number of cases per
100 000 population of children in the specified age group. The term “case-fatality
rate” (ratio) is used to signify the percentage of children with Hib meningitis who
died from this condition. The convention in this paper is for a hyphen between numbers
to mean “through” (for example, 0–11 months means 0 months through 11 months,
and 1992–1994 means 1992 through 1994).

Study results were included in our database if data could be extracted for time periods
when the country was not using Hib vaccine on a national or widespread basis and
contained age-specific information on cases of Hib meningitis or, except as noted
below, age-specific incidence data for children < 5 years of age (that is, 0–59 months
of age), hereafter referred to as < 5 years. We substituted the rate for
children < 6 years (0–71 months) of age where it was the only rate reported
(Annex 2, studies number 46 and 134). We substituted the rate for children < 4 years
(0–47 months) of age where it was the only rate reported (Annex 2, studies number
100 and 116).

We accepted each author’s definition of meningitis and their methods for identifying
specific bacterial etiologies. Haemophilus strains were rarely typed, but when they
were, almost all were type b. Antigen detection tests, used in some studies, are specific
for type b; thus we counted all Haemophilus strains identified in cerebrospinal fluid
or blood as type b by this method.

2.3 Classification of studies

Studies were classified as having incidence data or not. Studies with incidence
data were classified as having prospective population-based data, retrospective
population-based data, or national (passive) surveillance data. Studies without
incidence data were classified as prospective hospital-based studies and retrospective
hospital-based studies. Because there were already a large number of
population-based studies available for industrialized countries of the WHO Region
of the Americas and the WHO European Region, we did not include studies without
incidence data from industrialized countries in these two regions.

2.4 Classification of countries

Countries were grouped according to the six WHO regions: the African Region
(AFR), the Region of the Americas (AMR), the Eastern Mediterranean Region
(EMR), the European Region (EUR), the South-East Asia Region (SEAR), and the
Western Pacific Region (WPR) (Annex 1). Countries were classified based on their
United Nations development status as either industrialized or developing, with the
latter category including countries with economies in transition, developing, or least
developed (WHO/V&B 2000). Certain groups in industrialized countries with a
known special risk for Hib meningitis were examined separately, specifically
Aboriginals (Australia), Alaskan Eskimos (USA), Apache Indians (USA), Keewatin
Natives (Canada), and Navajo Indians (USA). Names of these special-risk groups
are those reported by study authors.
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2.5 Information abstracted

Some references contained information on more than one study. The following
information was systematically abstracted for each study: the country where the
study was conducted, the study site, the year the study began, the study duration,
and the ages of persons included. For industrialized countries, we noted whether the
populations involved were previously known to be at special risk for Hib disease.

For children < 5 years, information was collected on the total number of bacterial
meningitis cases, the number and percentage of such cases for which an etiology was
established, and the proportion of all   < 5 year bacterial meningitis with established
etiologies attributed to Hib. When available, we also noted the number of
Hib meningitis cases in children 5–16 years of age. The number of < 5 year cases of
meningitis caused by Streptococcus pneumoniae (also known as pneumococcus)
was tallied and used to calculate both a ratio of such cases to < 5 year Hib meningitis
cases and a rate for < 5 year pneumococcal meningitis. We excluded meningitis caused
by Mycobacterium tuberculosis. We also excluded data for years in which epidemics
of Neisseria meningitidis (also known as meningococcus) occurred.

The case-fatality rate for Hib meningitis was collected or calculated for < 5 year
cases. When the < 5 year Hib case-fatality rate was not available, the rate for all
children was used.

We tallied the numbers and the proportion of children who received antibiotics before
specimens were collected for diagnosis. When the information was available,
we recorded the frequencies with which bacteria were cultured from clinical
specimens from children with and without a history of receipt of prior antibiotics.

Few details on specific laboratory methods were reported for most studies.
We recorded whether chocolate agar or chocolate agar supplemented with X and
V factors was specifically stated to have been used in the initial cultures of clinical
specimens. We also recorded information on antigen tests that were used and the
results.

As available, the number of bacterial meningitis cases with established etiology
and the number of Hib meningitis cases were tallied for each of the following
age groups: < 1 month (neonates), < 6 months (that is, 0–5 months), < 12 months
(that is, 0–11 months), < 24 months (that is, 0–23 months), and 24–59 months of
age. Subsequent analysis permitted age-specific estimates of the proportion of
< 5 year meningitis of known causes that were attributable to Hib, as well as the
percentage of < 5 year Hib meningitis cases.

Special emphasis was placed on < 5 year Hib meningitis rates. For 75 studies,
we used the rate as given in the paper itself. For 17 studies, the < 5 year Hib meningitis
rate was obtained from the duration of the study and age-specific information on
groups within those < 5 years for rates, populations, and cases, or by using three of
these four pieces of information to derive the other. This information was then
combined, as necessary, to obtain an overall < 5 year Hib meningitis rate
(Annex 2, studies number 4, 5, 50, 55, 60, 61, 65, 91, 111, 112, 134, 136, 144, 153,
169, 172, and 176). For 14 studies the < 5 year Hib meningitis rate, although not
provided in the paper itself, could be readily calculated from the duration and given
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numbers for < 5 year cases and denominators (Annex 2, studies number 3, 44, 48,
89, 92, 115, 116, 117, 118, 119, 125, 132, 200, and 213). For 11 studies, the < 5 year
Hib meningitis rate was obtained from a < 5 year Hib invasive disease rate and
the proportion of < 5 year invasive cases that were meningitis (Annex 2, studies
number 53, 69, 127, 149, 159, 161, 167, 168, 197, 211, and 214). For eight studies,
the < 5 year Hib meningitis rate was calculated from age-specific rates within
children < 5 years by assuming equal-sized yearly cohorts (Annex 2, studies number
65, 89, 119, 125, 136, 138, 152, and 164). For four studies, the < 5 year Hib
meningitis rate was obtained from the United Nations population estimate
(United Nations Population Division 2001)  for the < 5 year denominator
(Annex 2, studies number 49, 138, and 207) or obtained from another relevant source
(Annex 2, study number 51). For three studies, rates were recalculated from data
given in the paper (Annex 2, studies number 88, 127, and 212).

For five studies (Annex 2, studies number 119, 125, 136, 152, and 164) the age
distribution of cases was determined by assuming equal sized yearly cohorts.
The assumption of equal numbers of children in each yearly cohort makes it possible
to determine the value for any one of the following three variables
(< 5 year rate, proportion of <5 year cases in an age range, age-specific rate for the
age range) when values for the other two variables are known. For example, given a
<5 year rate of 40/100 000 and information that 70% of < 5 cases are 0–11 months
of age, then the rate of Hib meningitis among children 0–11 months of age would be
40 * 70/20 = 140/100 000 since it is assumed that 20% of the < 5 year population is
0–11 months of age. The terms in this formula may be rearranged to determine a
missing value for any of the three variables.

2.6 Data analysis

Data were entered in EpiInfo 6.0 and Excel spreadsheet files and analysed in EpiInfo
(Dean et al. 1994). Logistic regression was conducted with the program of Dallal
(Dallal 1989). For normally distributed data ANOVA tests were used to evaluate
the statistical significance. Mann-Whitney U tests were used for nonparametric results.

SPSS version 9.0 (SPSS Inc., Chicago, USA) was used to conduct nonparametric
analyses and prepare selected figures comparing regional data. This produced a
box-and-whiskers presentation to show median, quartiles, and extreme values
(Platonov 2000, Tukey 1977). The box represents the interquartile range that contains
50% of values. A line across the box indicates the median. The whiskers are lines
that extend from the box to the highest and lowest values, excluding outliers.
Outliers are values more than 1.5 box lengths from the upper edge (75% quartile) or
lower edge (25% quartile) of the box. Outliers were included in calculating the
median and quartiles, but omitted from the figures to simplify the presentation.

We used the K-means variant of cluster analysis (Hartigan 1975). This procedure
attempts to identify relatively homogeneous groups of studies based on values of
selected variables and to calculate iteratively the cluster centres. Distances between
studies are computed using simple Euclidean distance. Hierarchical cluster analysis
using the standardizing transformation of variables, a variety of distance or similarity
measures, and classification algorithms leads to the same basic conclusions concerning
the cluster membership of studies.
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Regional characteristics were established in a data set that excluded special-risk
groups, as these represent only a very small and nonrepresentative fraction of the
overall < 5 year populations in AMR and WPR.

Studies with fewer than 15 total < 5 year Hib meningitis cases or fewer than
15 values for particular variables were excluded in some analyses, and this is noted
in the results. This helped assure that studies with very small sample sizes were not
given equal weight with larger studies in calculating averages. Additionally,
this helped assure that distributions of < 5 year cases by age did not include studies
where only a few cases represented a large proportion of all < 5 year cases.
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3.1 Overall findings

Our literature search identified a total of 390 studies.  We excluded 161 studies,
however, for the following reasons: 55 because the age groups of interest could not
be ascertained; 51 because either they were review papers without original data or
they concerned types of studies not relevant to our analysis (nasal carriage studies,
vaccine serosurveys, etc.); 27 described results published previously (and already
included in the database); 26 were carried out after widespread introduction of
Hib vaccine; and 2 presented Hib meningitis incidence rates that we were unable to
reconcile. Thus 229 studies met the inclusion criteria for our database. Annex 2 is a
line listing of selected information from the 229 studies. Annex 3 contains the Hib
meningitis references for these studies, by WHO region.

Studies in Annex 2 are grouped by WHO region; within each region, studies with
incidence data are presented first. Studies with incidence data for special-risk groups
in industrialized countries in AMR and WPR are listed separately at the end of the
incidence data for these regions. Of the 229 studies, 43 (19%) were from AFR,
44 (19%) were from AMR, 23 (10%) were from EMR, 72 (31%) were from EUR,
12 (5%) were from SEAR, and 35 (15%) were from WPR. Of the 229 studies,
143 (62%) were conducted in developing countries.

The data set of 229 studies includes nearly 30 000 < 5 year Hib meningitis cases and
more than 2100 deaths in that group from this infection.

For the data set as a whole, there were 132 studies with incidence data
(population-based studies) and 97 studies without incidence data (hospital-based
studies). The median annual < 5 year Hib meningitis rate in 132 population-based
studies in this data set with incidence data was 21 cases/100 000 population in that
age group, with a mean of 44.1 and a range of 0.9 to 530. Figure 1 shows the
distribution of studies by mean annual < 5 year Hib meningitis incidence rates.
All rates above 100 occurred in special-risk groups; the mean annual < 5 year  Hib
meningitis incidence for special-risk groups was 418.1/100 000 with a range of
34.5 to 530. When the 11 studies of special-risk groups are excluded, the mean
annual < 5 year Hib meningitis incidence for the remaining 121 studies was
22.8/100 000 with median of 18.0 and a range of 0.9 to 94.6.

For 74 studies in industrialized countries, the mean annual < 5 year Hib meningitis
incidence was 23.9 cases/100 000, with a median of 22.0, and a range of 1.4 to 68.6.
For 47 studies in developing countries, the mean annual < 5 year Hib meningitis
incidence was 21.0, with a median of 15.2, and a range of 0.9 to 94.6. The < 5 year

3. Results
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Hib meningitis incidence was significantly higher (p< 0.03, Mann-Whitney) in
industrialized countries than in developing countries, and this phenomenon remained
after controlling for decade of study.

The < 5 year rates of Hib meningitis were closely comparable and not significantly
different for 42 prospective studies (46.8) and 73 retrospective studies (49.2).
Although the overall rate for the 17 surveillance studies was substantially lower
(15.6), this observation is confounded by region, since 15 of the 17 surveillance
studies came from EUR. Within EUR, < 5 year Hib meningitis rates were
14.5, 17.5, and 15.2 for prospective, retrospective, and surveillance studies,
respectively.

Figure 1: Distribution of 132 studies by annual incidence of Hib meningitis
per 100 000 children < 5 years of age

3.2 Time trends

Among the 229 studies, the number of studies beginning in each decade starting
with the 1940s was 1, 3, 10, 43, 102, and 70, respectively. Among the 132 studies
with Hib meningitis incidence data, the number of studies beginning in each decade
starting with the 1940s was 1, 1, 5, 22, 54, and 49, respectively. The 11 incidence
studies of special-risk groups were excluded, and for the remaining 121 incidence
studies, mean annual incidence was calculated by decade. The mean annual incidence
of < 5 year Hib meningitis in the 1990s was significantly lower than in the 1980s and
earlier decades (data not shown). This decline is attributable to significant declines
in the 1990s in EUR and AMR. Mean annual < 5 year Hib meningitis incidence rates
by decade remained unchanged in AFR and WPR, but rose significantly in EMR
(p=0.05). For SEAR, there was only one incidence study.
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The mean duration of studies with < 5 year Hib meningitis incidence data was
4.8 years, with a range of 0.5 to 21.5 years, median of 3 years, and mode of 2 years.
The mean duration declined significantly (p<0.0001) by decade from 8.6 to 4.9 to
2.5 years for incidence studies beginning in the 1970s and earlier, 1980s, and 1990s,
respectively. Decreases in duration with time were noted for all types of incidence
studies. These changes in study duration were accompanied by a major change in
study type. Prospective studies accounted for only 6.9% of incidence studies instituted
in the 1970s and earlier, but this increased to 33.3% in the 1980s and became the
single most common form of incidence study, 44.9%, in the 1990s (Figure 2).

Figure 2: Distribution of 132 studies with data on Hib meningitis incidence
in children < 5 years of age, by decade and type of study

3.3 Antibiotic pre-treatment

The proportion of children treated with antibiotic agents before specimens were
collected for etiologic diagnosis was reported for 28 studies, with a mean of 37%,
a median of 33%,  and range of 7% to 100%. The impact of prior antibiotics on
cultures of cerebrospinal fluid could be evaluated in 13 studies from 11 countries
(Table 1). In all instances, positive cultures for bacterial agents were more frequent
in those without prior treatment, being statistically significantly more frequent
(p < 0.05) in nine studies. Overall, 74% of all cultures in those without prior treatment
yielded bacterial agents, while such agents were found in only 51% of those who
had prior antimicrobial treatment (p < 0.0001). Compared with those who had prior
treatment, the yield by culture was thus about 50% higher in those without prior
treatment. Closely comparable results were found when only those studies having at
least 15 children who had received prior antibiotic treatment were selected (n = 10)
and arithmetic means were used to assess outcomes. In this subanalysis, the average
frequency of isolating a bacterial agent was 79% in those without prior treatment,
and 52% in those who had received prior treatment (p < 0.05).
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Table 1: Frequency of growth on cerebrospinal (CSF) fluid culture
of any bacteria, based on whether the patient received antibiotic

treatment prior to lumbar puncture

Prior treatment No prior treatment

CSF positive CSF positive

Country No. Number Percent No. Number Percent p value Reference
tested tested

Bahrain 195 68 35% 248 160 65% <0.001 Khan 1988

Barbados 12 6 50% 31 26 84% 0.047 St. John 1981

Brazil 898 530 59% 1 143 834 73% <0.001 Bryan 1990

Colombia 30 18 60% 65 62 95% <0.001 Otero 1988

Malawi 59 13 22% 208 162 78% <0.001 Molyneux 1998

Philippines 50 13 26% 32 18 56% 0.006 Reyes 1979

Philippines 76 46 61% 68 53 78% 0.11 Santana 1992

Russian Federation 89 19 21% 130 92 71% <0.001 Platonov 2001

Saudi Arabia 30 22 73% 94 81 86% 0.10 Babiker 1984

Saudi Arabia 22 15 68% 27 23 85% 0.19 Azubuike 1990

Singapore 8 0 0% 30 17 57% 0.005 Lee 2000

Swaziland 6 0 0% 79 51 65% 0.003 Ford 1994

USA 19 16 84% 20 20 100% 0.11 Gilsdorf 1977

Overall 1 494 766 51% 2 175 1 599 74% <0.0001

Only three studies specifically addressed the impact of prior treatment on isolation
of Hib from cerebrospinal fluid. In each study, isolation was more common in
cerebrospinal fluid from children without prior treatment, but this did not reach
significance in one study (Table 2). The overall results showed a significant increase
in isolation in the absence of antibiotics (p = 0.001).

Table 2: Frequency of Hib growth on CSF culture, based on
antiobiotic treatment of patient prior to lumbar puncture

Prior treatment No prior treatment

CSF positive CSF positive

Country No. Number Percent No. Number Percent p value Reference
tested tested

Guatemala 39 18 46% 34 26 77% 0.01 Asturias 2001

Philippines 50 3 6% 32 4 13% 0.42 Reyes 1979

Russian Federation 89 7 8% 130 30 23% 0.003 Platonov 2001

Overall 178 28 16% 196 60 31% 0.0001
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3.4 Antigen tests

A variety of different antigen tests for Hib were used, but the results of such tests
were often not reported separately. Latex and counterimmunoelectrophoresis were
by far the most common, with coagglutination and ELISA (enzyme-linked
immunosorbent assay) used in a few studies. The separate contributions of antigen
tests were reported in 35 studies conducted in the pre-vaccine era, and these increased
the overall identification of Hib in cerebrospinal fluid by about 25%. However,
for many of these studies it was not possible to determine whether the antigen tests
had been obtained only on culture-negative cerebrospinal fluid specimens.
Results of cultures and antigen tests on the same cerebrospinal fluid specimens were
available for 13 studies, nearly all from developing countries (Table 3).
Overall, more than twice as many Hib cases were identified by antigen testing alone
(31%) than by culture (14%) alone (p < 0.0001). Of all specimens with Hib identified,
86% were positive by antigen tests, which was significantly higher than the 69% of
all identified Hib that were found by culture (p < 0.0001). When analysis was restricted
to the eight studies that had 15 or more Hib identifications, the mean percent positive
by antigen test alone (27%) continued to be significantly higher than the percent
positive by culture alone (8%), and 92% versus 73% of all Hib identifications were
made by antigen tests and cultures, respectively (p < 0.05).

Most antigen tests were latex tests, and overall results were similar when studies
were evaluated in which some or all of the antigen tests were known to be latex tests
(Table 4). Of the 366 total Hib specimens identified from cerebrospinal fluid in such
studies carried out in the pre-vaccine era, 31% were identified only by antigen tests,
and 15% only by culture (p < 0.0001); 85% of all Hib identifications were obtained
from antigen tests versus only 68% of the total from cultures (p < 0.0001).
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3.5 Chocolate agar culture medium

Little information was available to assess the quality of the bacteriological procedures.
Most commonly the text simply referred to “standard methods” of isolation and
omitted details concerning culture media, X and V factor supplementation, incubation
temperature, and CO2 supplementation. The specific use of chocolate (heated blood)
agar as the medium for primary cultures of clinical specimens was mentioned in
49 studies. Supplementation with X and V factors was noted in only 10 of the
49 studies. The specific species source of blood used in preparing chocolate agar was
invariably omitted. It is likely that chocolate agar was used in many of the studies
that did not specifically acknowledge its use.

3.6 Ratio of Hib meningitis to pneumococcal meningitis

The number of pneumococcal meningitis cases in children < 5 years was available in
115 studies for which such information was also available for Hib. Hib was more
frequent in 92 of the 115 studies (Table 5). Hib increased significantly in predominance
with time and was more common than pneumococcus as a cause of < 5 year meningitis
in 94% of the studies that began in the 1990s. Little change was noted in time for
either AMR or EUR, where Hib outnumbered pneumococcus in 36 of the 37 total
studies from these two regions. When considered as a group, AFR, EMR, SEAR,
and WPR showed consistent increases by decade in the proportion of studies where
Hib predominated (data not shown).

Table 5: Hib versus pneumococcal meningitis in children < 5 years of age,
by WHO region

Predominant organism

Hib Pneumococcus

WHO region No. Percent No. Percent

Africa 33 17 52% * 16 48%

Americas 18 18 100% 0 0%

Eastern Mediterranean 19 17 89% 2 11%

Europe 19 18 95% 1 5%

South-East Asia 7 5 71% ** 2 29%

Western Pacific 19 17 89% 2 11%

Total 115 92 80% 23 20%

* Africa is significantly less than other WHO regions except South-East Asia  (p<=0.05).
** South-East Asia is not significantly less than other WHO regions.

Number of studies with
data on both organisms
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3.7 Bacterial meningitis

About two-thirds of all bacterial meningitis cases in children < 5 years of age had
an etiologic agent identified. In 65 studies containing entries for both the number of
< 5 year bacterial meningitis cases and the number of such cases where an etiology
was established, there were a total of 18 463 meningitis cases with the etiology
established for 12 630 of them. Thus, an etiologic agent was found in an overall
frequency of 68.4%, which is closely comparable with the average percentage
identified per study, 67.3%.

No significant change in average percent of < 5 year bacterial meningitis that had
etiologies established was noted by the decade when studies began, and there was no
significant relationship in linear regression between frequency of identifying agents
and frequency of antibiotic use in the 22 studies with values for both variables.

Overall, Hib contributed an average of 42.4% to all < 5 year bacterial meningitis
cases with known etiology, ranging from 9% of neonatal meningitis cases to 44.2%
of meningitis cases in children < 2 years of age (Table 6). It should be noted that the
majority of cases of Haemophilus meningitis in neonates are caused by non-capsulated
strains of H. influenzae (Wallace et al. 1983, Falla et al. 1993).

Table 6: Bacterial meningitis in children < 5 years of age with known etiology:
percentage due to Hib, by age group

Age group Number of Mean percentage due to Hib
(months) studies (95% confidence interval)

<1 23 9.0% (0.3% - 17.7%)

0 - 5 26 32.7% (25.8% - 39.6%)

0 - 11 65 39.1% (34.2% - 44.0%)

0 - 23 52 44.2% (39.8% - 48.6%)

24 - 59 48 35.3% (28.9% - 41.7%)

0 - 59 121 42.4% (39.2% - 45.6%)

There were 42 instances in which the ratio of < 5 year Hib meningitis to < 5 year
pneumococcal meningitis could be calculated and where the < 5 year bacterial
meningitis incidence was also available. Thus, < 5 year pneumococcal meningitis
rates could be obtained for these studies. By decade, there was a significant decline
in preponderance of pneumococcus relative to Hib as a cause of bacterial meningitis.
By decade, there was also a significant decline in rates of < 5 year pneumococcal
meningitis (data not shown). The number of studies with such rates is too small to
permit meaningful analysis of trends in < 5 year pneumococcal meningitis rates by
region.
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3.8 Age distribution of Hib meningitis cases

The number of studies with information on particular age groups varied widely
(Table 7). The cumulative distribution shows that nearly 60% of all cases in children
< 5 years occurred before age 12 months. Cumulative mean and median values for
19 studies with values for all five age groups were similar to those shown in Table 7.
It can be inferred from the cumulative information that 35.6% of all < 5 year
Hib meningitis cases occurred in children 6–11 months of age, with roughly equivalent
contributions of the age groups 1–5 months and 12–23 months (22.6% and 23.8%,
respectively).

3.8.1 Neonates

Only 1.6% of < 5 year cases occurred in neonates (Table 7). Nevertheless, the vast
majority (81%) of all studies, 186 of 229, included neonatal meningitis cases.
The mean annual rate of < 5 year Hib meningitis cases was 45/100 000 children in
the < 5 year group for the 118 incidence studies that included neonates, compared
with 37/100 000 for the 14 studies that excluded neonates, and these rates were not
significantly different. This reflects the small proportion of < 5 year cases that occur
in neonates. Too few studies had specific information on neonates for a reliable
assessment of age-specific incidence (three studies, mean age-specific incidence of
22.4).

Table 7: Distribution of cases of Hib meningitis
in children < 5 years, by age group

Age group Number of Cumulative percentage
(months) studies of cases

<1 36 1.6%

0 - 5 84 24.2%

0 - 11 151 59.8%

12 - 23 138 83.6%

24 - 59 134 100.0%
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3.8.2 Children < 5 years of age

Table 8 presents mean incidence rates for those < 5 year age groups where
rates were available. Rates for children 0–5 months and 0–11 months of age are
similar and higher than rates for children 0–23 months of age. The rate for children
24–59 months of age is substantially lower than all other rates.

Table 8: Number of cases of Hib meningitis per 100 000 population
per year, by age group and number of studies

(excludes studies of special-risk groups)

Age group Number of Mean (95% confidence interval)
(months) studies age-specific annual incidence of

Hib meningitis per 100 000

0 - 5 17 73.7 (4.5 - 142.9)

0 - 11 47 77.8 (53.3 - 102.3)

0 - 23 35 49.0 (25.3 - 72.7)

24 - 59 34 9.1 (4.9 - 13.3)

To assess the suitability of the assumption of equal-sized yearly cohorts among children
<5 years of age as a basis for estimating age-specific rates, the actual and estimated
age-specific incidence rates were calculated for a subset of qualifying studies.
Studies that qualified had (1) actual incidence rates for the different age groups,
(2) the proportion of < 5 year cases in each age group, and (3) the < 5 year
Hib meningitis incidence rate. Age groups examined were 0–5 months, 0–11 months,
0–23 months, and 24–59 months. Studies of special-risk groups and studies with
<15 total Hib meningitis patients < 5 years of age were excluded. The mean and
median differences between actual and estimated rates are very small, as is the range
of differences in the 25% and 75% quartiles (Table 9). Correlation coefficients
from 0.78 (for children 24–59 months of age) to 0.99 (for children 0–11 months
of age) confirm this strong relationship (p < 0.0001) for all.

Table 9: Comparisons of actual and estimated age-specific rates of
Hib meningitis per 100 000 population per year*

Differences between pairs of
actual and estimated values***

Age group Number of Range of middle Correlation
(months)  qualifying studies** Mean Median quartiles coefficient

0 - 5 13 4.30% -0.80% -2.2% to 3.1% 0.90

0 - 11 41 -1.40% -0.10% -4.2% to 2.4% 0.99

0 - 23 27 3.20% 0.00% -0.7% to 2.5% 0.81

24 - 59 26 6.30% 0.00% -5.6% to 3.8% 0.78

* Excludes studies of special-risk groups and studies with < 15 Hib meningitis cases in < 5 years.
** Studies having actual incidence rate for the age group, known proportion of < 5 year cases in the

age group, and < 5 year rate.
***Estimated rate for individual studies is proportion of < 5 year cases in age group/proportion of

< 5 year population in age group (assumed) times < 5 year rate.
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Therefore, we estimated age-specific annual incidence rates for mutually exclusive
age groups for which actual rates were not available. Studies in special-risk populations
and those with < 15 Hib meningitis cases in children < 5 years old were excluded.
The estimated Hib meningitis incidence of 67.1 cases/100 000 population in the age
group 6–11 months was highest, but similar to the rate for children 1–5 months old
(Table 10). The estimated rate of 31.9 cases/100 000 for children aged 12–23 months
was substantially lower.

Table 10: Age-specific incidence of Hib meningitis per 100 000 population
as predicted from age distributions of cases, by age group

Age group Number of Mean incidence
(months) studies* (95% confidence interval)

per 100 000 population

1 - 5 8 57.9 (0 - 115.9)

6 - 11 38 67.1 (48.5 - 85.7)

12 - 23 58 31.9 (26.3 - 37.5)

* Excludes studies in special-risk groups and those with < 15 Hib meningitis cases
< 5 years; includes only studies where the proportion of cases in the specified
age group could be determined and < 5 year Hib meningitis incidence was known.

A higher percentage of < 5 year Hib meningitis cases in children aged 0–11 months
was associated with a higher rate of < 5 year Hib meningitis. Table 11 depicts this
relationship for 75 studies with at least 15 Hib meningitis patients < 5 years of age.
The incidence of < 5 year Hib meningitis systematically and significantly increased
with increasing proportions of < 5 year cases that were in children 0–11 months of
age.

Table 11: Relationship between percentage of Hib meningitis cases
in children 0–11 months of age and incidence of Hib meningitis

per 100 000 children < 5 years of age

Percentage of cases in Number of Incidence per 100 000
children 0 - 11 months studies* children < 5 years

0% - 19% 2 5.3

20% - 39% 23 19.7

40% - 59% 23 23.2

60% - 79% 15 39.7

80% - 100% 12 151.4

p=0.001

* Excludes studies with < 15 Hib meningitis cases in < 5 years.
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Figure 3 shows the frequency distribution for proportions of < 5 year Hib meningitis
cases aged 0–11 months in 118 studies, after excluding studies with < 15 patients.
A bimodal distribution is apparent, with peaks at both 0.40 to 0.44 and at 0.80 to
0.84, and separation of the two populations at 0.60, which is also exactly the median
value. The average < 5 year incidence rate for 27 studies at or above 0.60 was
89.7 and 19.2 for 48 studies below 0.60 (p = 0.001 Mann-Whitney). All eight
studies of special-risk groups with age information available had values above 0.60.
Bimodality was also apparent but less strikingly so for proportions of < 5 year cases
in children 0–5 months, 0–23 months, and 24–59 months.

Figure 4 shows the distribution by region for proportions of < 5 year Hib meningitis
cases in infants 0–11 months old. While there is bimodality in WPR, this is not
apparent for any other region. The percentage of studies with > 60% of cases in
children 0–11 months of age was 100% in SEAR (n=5), 92% in EMR (n=13),
90% in AFR (n=19), 53% in WPR (n=19), 50% in AMR (n=24), and 8% in
EUR (n=38).

Figure 3: Distribution of 118 studies with at least 15 cases by percentage
of Hib meningitis in children < 5 years of age occurring

in children 0–11 months of age

N
u

m
b

er
 o

f 
st

u
d

ie
s

Percentage of cases in children 0–11 months

98938883787368635853484338332823181383

20

15

10

5

0



21WHO/V&B/02.18

3.8.3 Older children (5–16 years)

There were 98 studies with both the number of Hib cases in children 5–16 years
of age and the number of < 5 year cases. A total of 242 cases occurred in children
5–16 years old and 6268 in children < 5 years. This suggests the total childhood
burden of Hib meningitis is about 4% greater than reflected in the
< 5 year group alone.

Figure 4: Distribution of 118 studies with at least 15 cases by percentage of
Hib meningitis in children < 5 years of age occurring

in children 0–11 months of age, by WHO region
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Similarly, both the percentage of < 5 year Hib meningitis cases in children 0–5 months
of age and 0–23 months of age were positively correlated with log10 transformed
rates (r = 0.47, p = 0.06 and r = 0.51, p < 0.001, respectively).

The relationship between the proportion of < 5 year Hib meningitis cases in children
0–11 months of age (X) and the < 5 year Hib case-fatality rate (Z) also became more
evident after logarithmic transformation of the case-fatality rate (log10 Z = m * X)
(Figure 6). The Spearman correlation coefficient was 0.61(p < 0.001) and the
regression coefficient m ≈ 0.015. This implies that the case-fatality rate increases
when the proportion of cases 0–11 months is higher.

3.9 Age and incidence analysis

3.9.1 Correlation and cluster analysis

The percentage of < 5 year Hib cases in children 0–11 months of age (X) and the
< 5 year Hib meningitis incidence (Y) tended to relate positively (the greater is X,
the greater is Y).  Better proportionality was achieved after logarithmic transformation
of Y (log10 Y = k * X) for 75 studies, including studies of special-risk groups,
having > 15 Hib meningitis cases and values for both X and Y (Figure 5).
The Spearman correlation coefficient (r) of X and Y was equal to 0.50 (p < 0.001)
and the regression coefficient was k ≈ 0.025.

Figure 5: Relationship between percentage of < 5 year Hib meningitis cases
occurring in children 0–11 months of age and incidence of

Hib meningitis in children < 5 years
(Central line shows a trend (linear regression) and border lines show 95% confidence interval)
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Studies with high < 5 year Hib meningitis incidence rates and low proportions of
cases occurring in children 0–11 months of age (or vice versa) may be considered to
contain “outlying” data. Although such studies might make the “ideal regression”
worse, they might also contain information of value in understanding relationships.
To analyse this possibility, we graphed the < 5 year Hib meningitis incidence rate
and the proportion of cases occurring in children 0–11 months of age as a scatter
plot, after excluding studies of special-risk groups and those with <15 Hib meningitis
cases < 5 years (Figure 7). The data set can be seen to be divided into four distinct
clusters. The K-means cluster analysis confirms the presence of four clusters
which have their centres at the following approximate coordinates: for cluster No. 1
X=38, Y=17; for cluster No. 2 X=83, Y=64; for cluster No. 3 X=41, Y=56;
for cluster No. 4 X=71, Y=19. Thus cluster No. 1 represents “low/low” epidemiologic
features (that is, low proportion of cases in children 0–11 months/low < 5 year Hib
meningitis incidence). Cluster No. 2 represents “high/high” features. Cluster No. 3
represents “low/high” features. Cluster No. 4 represents “high/low” features.
The threshold values of X= 60% and Y=35 cases per 100 000 children divide
the entire data set into four quarters, each corresponding to one of the clusters.
There are 43, 7, 5, and 13 studies in clusters No. 1, No. 2, No. 3, and No. 4,
respectively.

Figure 6: Relationship between percentage of < 5 year Hib meningitis cases
occurring in children 0–11 months of age and the

< 5 year Hib meningitis case-fatality rate
(Central line shows a trend (linear regression) and border lines show 95% confidence interval)
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Studies of special-risk groups formed a separate fifth cluster, but these have
been omitted from Figure 7. The special-risk groups formed a cluster with
“high/very high” features, with coordinates of X=86, Y=252. There were seven
studies in cluster No. 5.

The inclusion of a third variable, the case-fatality rate (Z), into the cluster analysis
supports the presence of the same clusters (Figure 8). For cluster No. 1, case-fatality
rates ranged from 0% to 17%, with a mean of 4%. For cluster No. 2, most studies
had case-fatality rates of > 15%, with a mean of 28%. For cluster No. 3 there
was only one study, with a case-fatality rate of 2%. For cluster No. 4, case-fatality
rates ranged from 2% to 37%, with a mean value of 9%. For cluster No. 5
(special-risk groups), the mean case-fatality rate was 6%.

Figure 7: Relationship between percentage of < 5 year Hib meningitis cases
occurring in children 0–11 months of age and the incidence of

Hib meningitis in children < 5 years
(Vertical and horizontal lines indicate borders of four clusters; cluster numbers are circled)
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Annex 4 shows the relationship between the cluster assignment and the country of
study.  Cluster No. 1 (low/low) includes 32 studies from EUR and 11 additional
studies from Australia, Canada, Cuba, Japan, and the USA. Cluster No. 2
(high/high) includes five of six studies from AFR, as well as studies from the Philippines
and Saudi Arabia. Cluster No. 3 (low/high) consists of four studies from the
USA and one from Iceland. Cluster No. 4 (high/low) is more heterogeneous, with
studies from developing countries in AFR (South Africa), AMR (Argentina, Brazil,
Chile, Dominican Republic), EMR (Kuwait, United Arab Emirates), EUR (Israel),
and WPR (China, Malaysia).

These observations may help explain why the relationship between the proportion
of < 5 year Hib meningitis cases occurring in children aged 0–11 months and the
< 5 year incidence of Hib meningitis are not so evident within any geographic region.
Low Hib meningitis incidence, low proportion of < 5 year cases in infancy, and low
case-fatality rate was the pattern typical for European countries, as well as for other
industrialized countries in temperate climate zones. High Hib meningitis incidence,
high proportion of < 5 year cases occurring in infancy, and high case-fatality rate
was the typical pattern for studies from Africa and a few other developing countries.
The USA appears to have had its own type of Hib epidemiology in the pre-vaccine
era. Cluster No. 4 includes a heterogeneous group of developing countries from
four regions. No incidence data from SEAR met inclusion criteria for the cluster
analysis; therefore, this region had no studies attributed to any cluster.

Figure 8: Relationship between percentage of < 5 year Hib meningitis cases
occurring in children 0–11 months of age, the incidence of

Hib meningitis in children < 5 years, and the
< 5 year Hib meningitis case-fatality rate

(Vertical and horizontal lines indicate borders of four clusters; cluster numbers are circled)
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3.9.2 Logistic regression analysis

The 132 studies with < 5 year Hib meningitis incidence rates were divided into
two groups based on incidence rates above or below 35 (see section 3.9.1 on
cluster analysis). A rate at or above 35 (that is, a high rate) was selected as the
dependent variable. The independent variable of principal interest was the proportion
of < 5 year Hib cases occurring during infancy.  In univariate unconditional
regressions, the following variables were positively associated with a high rate: the
proportion of < 5 year Hib cases occurring in infancy (p < 0.001); the proportion of
< 5 year cases that had an established etiology (p = 0.064); and the proportion of all
< 5 year meningitis with a defined etiology of Hib (p = 0.07). The latter two variables
both increase significantly as < 5 year Hib incidence increases; they are largely the
consequences of Hib incidence, rather than its determinants. Using studies that began
before 1980 as a reference, studies undertaken in the 1980s and 1990s had reduced
odds ratios, with p values of 0.12 and < 0.001, respectively.

Subsequent analysis showed the age distributions of < 5 year Hib meningitis cases to
be similar in AFR, EMR, and SEAR; therefore, studies from these three regions
were grouped together to evaluate regional influences. With EUR as a reference
(that is, an odds ratio of 1.0) odds ratios for WPR, AMR, and AFR–EMR–SEAR
were 8.5, 25.9, and 18.3, respectively, with all p values < 0.005.

None of the following variables were significantly associated with the dependent
variable: stated use of chocolate agar for primary culture, inclusion or exclusion of
neonates from studies, known use of latex antigen detection tests, proportion of
children getting antibiotics before microbiologic evaluations, and the development
status of the country where the study was conducted.

After controlling for decade when studies were undertaken and region, the proportion
of < 5 year Hib cases occurring in children 0–11 months of age remained significant
(p = 0.006, by likelihood ratio statistic). Its odds ratio increased 1.7 times (1.1 to 2.5)
for every increase of 10% in the proportion of cases in children 0–11 months of age.
This variable was collinear with the proportion of < 5 year cases of bacterial meningitis
with established etiologies as well as the proportion of all < 5 year bacterial meningitis
cases caused by Hib. Adding either of the latter variables to this model resulted in
instability.
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3.10 Risk of Hib meningitis, by country

Available data from each country were averaged to obtain mean < 5 year
Hib meningitis incidence, and mean proportion of < 5 year cases in children
0–11 months of age. These averages excluded studies of high-risk groups and those
with < 15 cases of < 5 year Hib meningitis.

The mean Hib incidence rate for children < 5 years were available for a total of 46
countries.  These data were divided into quartiles, and a global map was created
with increasing density as rates increased from the lowest to the highest quartile in
the 46 countries (Figure 9).

Figure 9: Country-specific incidence,* by quartile, of Hib meningitis
per 100 000 children < 5 years of age for 46 countries

in the pre-vaccine era

The mean proportion of < 5 year Hib meningitis cases occurring in children aged
0-11 months was available for 60 countries (Figure 10). The proportion of Hib
meningitis in children aged 0-11 months can provide a useful general indication of
< 5 year Hib meningitis risk and should be taken into consideration when assessing
the Hib disease burden. As the proportion of Hib meningitis in children
0-11 months increases, country < 5 year rates also tend to increase (r=.53, p=.0004).

* Excludes studies of special-risk groups and those with < 15 cases.

Hib meningitis
incidence, by quartile

1st quartile, lowest rate,  (3.1 to 11.4)

2nd quartile,  (11.5 to 19.5)
3rd quartile,  (19.6 to  30.2)
4th quartile, highest rate (30.3 to 94.6)
No qualifying data
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Figure 10:  Point estimate and 95% confidence interval for percentage
of < 5 year Hib meningitis cases in children 0-11 months for

60 countries in the pre-vaccine era
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3.11 Regional comparisons

The following five figures present comparisons for a variety of factors by region.

Figure 11 shows that the < 5 year Hib meningitis incidence rates are higher for
AFR and AMR than for EUR or WPR (p < 0.05, Mann-Whitney). AFR has < 5 year
Hib meningitis incidence rates significantly higher than those in EMR (p = 0.01) or
AMR (p = 0.053, Mann-Whitney). Note that only a single point estimate is available
for SEAR.

Figure 11: Incidence (median, quartiles, range) of Hib meningitis
in children < 5 years of age, by WHO region

(excludes studies in special-risk groups)
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Figure 12 presents results of studies where Hib meningitis rates were available for
children 0–11 months of age. In parallel with the < 5 year incidence findings, the
rates for children 0–11 months of age in AFR and AMR are again significantly
higher than in EUR (p < 0.001, Mann-Whitney). The rate for AFR is significantly
higher than the rate for AMR (p = 0.002).

Figure 12: Incidence (median, quartiles, range) of Hib meningitis
in children 0–11 months of age, by WHO region

(excludes studies in special-risk groups)
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Figure 13 shows the proportion of < 5 year Hib meningitis cases that occurred in
children 0–11 months of age. EUR has a significantly lower proportion than all
other regions (p < 0.003, Mann-Whitney). The proportion in AMR is significantly
lower than in AFR, EMR, and SEAR (p < 0.005, Mann-Whitney), which have similar
values. The proportion of < 5 year Hib meningitis in WPR varied greatly from country
to country, but is lower (p < 0.005) than in AFR.

Figure 13: Percentage (median, quartiles, range) of Hib meningitis in
children < 5 years of age occurring in children 0–11 months of age,

by WHO region (excludes studies in special-risk groups)
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Figure 14 reveals that Hib represents a smaller proportion of < 5 year bacterial
meningitis of known etiology in AFR than in any of the other regions. In AFR, this
proportion is significantly less than in AMR and EMR (p < 0.001, Mann-Whitney),
and this may reflect the high endemic levels of Neisseria meningitidis in AFR, even
after data from epidemic years have been excluded. The values for EUR, SEAR and
WPR are nearly identical.

Figure 14: Hib as a percentage (median, quartiles, range) of all
bacterial meningitis with established etiology in children < 5 years of age,

by WHO region (excludes studies in special-risk groups)
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Figure 15 shows average values for the cumulative distribution of cases at different
ages for each region. This figure excludes studies of special-risk groups and studies
with < 15 total cases < 5 years. The numbers of studies included are 25, 59, 111, and
99 for 1 month, 6 months, 1 year, and 2 years of age, respectively. AFR, EMR, and
SEAR are very closely similar to each other and have the youngest profile of cases.
AMR and WPR are similar to each other and occupy an intermediate position. EUR
has a much higher proportion of older cases, with a cumulative percentage of cases
substantially lower than other regions at 6 months, 1 year, and 2 years.

Figure 15: Cumulative percentage of cases of Hib meningitis
in children < 5 years of age, by WHO region
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3.12 Deaths due to Hib meningitis

A total of 127 studies had information on case-fatality rates. The mean case-fatality
rate for children with Hib meningitis was 13.8%, with a median of 10%, and a range
of 0% to 65%. The mean case-fatality rate was 17.3% for developing countries,
compared with 3.2% for industrialized countries. There was no significant trend in
case-fatality rates by decade.

By region, mean case-fatality rates ranged from a low of 4.1% in EUR to a high of
27.6% in AFR. Case-fatality rates reflect the type and quality of medical treatment
available for meningitis. The case-fatality rate is significantly higher in AFR than in
AMR, EMR, EUR, and WPR (p < 0.03, Mann-Whitney) (Figure 16). The second
highest case-fatality rate occurs in SEAR. The case-fatality rate in EUR is significantly
lower than the rate in AFR, AMR, EMR, and SEAR (p < 0.01, Mann Whitney) and
lower than the rate in WPR (p = 0.08).

Figure 16: Case-fatality rate of Hib meningitis in children
< 5 years of age, by WHO region

(excludes studies in special-risk groups)
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AFR has by far the highest Hib meningitis mortality rate for children < 5 years of
age (Figure 17). This comparison is based on 73 studies that reported both Hib
meningitis incidence and case-fatality rates.

Figure 17: Estimated annual mortality rate from Hib meningitis
in children < 5 years of age, by WHO region

(excludes studies in special-risk groups)
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these analyses. Despite the extremely high incidence of < 5 year Hib meningitis in
these groups (mean 418.1/100 000), their case-fatality rates were low, with a
mean of 6.5% for the four studies with this information. Low case-fatality rates in
special-risk groups have been noted previously, with the explanation that such groups
are living in industrialized countries where they have access to medical treatment
(Wright 1989). With such a high incidence of < 5 year Hib meningitis, clinicians are
likely to have a high level of suspicion about the possible presence of Hib meningitis,
and this could be expected to result in more rapid diagnosis and prompt treatment,
helping reduce fatality rates.
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Our search identified 229 studies of Hib meningitis in children < 5 years of age,
occurring in the pre-vaccine era. In all, these studies reported some 30 000 cases and
more than 2100 deaths due to Hib meningitis. The compilation of these studies is
attributable in part to the efforts of WHO regional staff in seeking data. Our search
reveals more than 40 years of interest in the scientific study of Hib epidemiology.
Our database demonstrates changes in the types of studies being conducted,
with increasing emphasis on population-based studies, and a decreasing duration of
studies. Both factors may relate to the use of studies to obtain information that can
aid countries in deciding whether to introduce Hib vaccine. The population-based
studies provide a more robust assessment of risk of Hib meningitis than passive
surveillance or hospital-based studies.

4.1 Limitations of Hib meningitis incidence studies

Our review identified 132 studies of Hib meningitis incidence. These population-
based studies represent the gold-standard method for assessing < 5 year Hib meningitis
incidence. Nevertheless, there are a number of limitations to this type of study.

We considered each of the 121 incidence studies not conducted for special-risk groups
to reflect the country risk. However, only 44 (36%) of the 121 studies were carried
out nationwide or covering at least 50% of the population in a particular country.
The rest of the studies covered one or more large cities (usually the capital) or one or
more regions of the country, and thus may not fully reflect the national picture of
Hib disease.

For patients admitted to health care facilities, a high index of clinical suspicion is
needed for the diagnosis of meningitis, since presenting signs can be nonspecific,
especially in neonates. Parents or guardians must be willing to approve the collection
of specimens, and clinicians must be willing and able to obtain cerebrospinal fluid
and/or blood samples for diagnostic evaluation. Once collected, CSF samples must
be cultured promptly on a medium suitable for the fastidious Haemophilus bacterium,
which requires both X and V factors for growth. Chocolate (heated blood) agar
supplemented with X and V factors is preferred. Blood from sheep or horses may be
used, but human blood is unsuitable because it may contain bactericidal components.
Hib identification is also hindered by failure to use and properly perform antigen
detection tests.

4. Discussion
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Pre-admission events also influence the likelihood of detecting Hib. Foremost among
these is antibiotic treatment, which substantially reduces the likelihood of identifying
an etiologic agent. Some children with bacterial meningitis may be treated successfully
in the community without the proper diagnosis ever being made. Other children
with bacterial meningitis may die without being admitted to hospital, with the cause
of death never determined. Some families living in a specific study area may seek
care from health facilities not within the study area.

These factors conspire to reduce the numbers of Hib meningitis cases detected – the
numerator for incidence studies – and can thus result in substantial underestimates
of the true incidence in some studies. In addition to problems in detecting
Hib meningitis cases, the denominator for incidence studies also introduces further
variation. Having a recent census of the < 5 year population is ideal, but in some of
the studies we analysed, the actual size of the population served was not clearly
defined.

4.2 Age distribution of Hib meningitis cases

For special-risk groups, an age distribution with a greater proportion of younger
cases was first noted more than 20 years ago (Ward et al. 1981). Others have used
age distribution of cases in children < 5 years of age to suggest similarities between
countries in Hib meningitis risks (Wright 1989, Bijlmer 1991, Funkhauser et al. 1991,
Peltola 1997–2001). The present analysis more fully quantifies this relationship.
Rates increase as the proportion of cases in children 0–5 months, 0–11 months,
and 0–23 months of age increases; rates decrease as the proportion of cases in children
aged 24–59 months increases.

The bimodal distribution in the proportion of < 5 year cases occurring in children
0–11 months of age (Figure 3), whether special-risk groups are included or excluded,
is not readily explained. It seems unlikely to be a totally spurious finding,
but its relationship to < 5 year incidence is more complex than a simple linear
relationship. One possible interpretation is that there are really only two different
types of populations – those with lower < 5 year Hib meningitis risk and lower
proportions of cases in children 0–11 months of age, and those with higher risk and
higher proportions of cases in children 0–11 months of age. Such an explanation is
not supported by the available incidence data (Figure 1), which contain no suggestion
of bimodality after studies in special-risk groups are removed. However, as noted
above, many factors can cause important variations in incidence rates, and incidence
rates may simply be an imperfect “gold standard” for assessing these results. If the
likelihood of identifying Hib in specimens from children is not age-related, then age
distributions should be free of many of the problems affecting the incidence
determinations listed above, and should be far more easily and reliably obtained than
incidence data itself.

Incidence data are especially likely to be underestimated when the sensitivity in
detecting Hib meningitis cases is suboptimal. It is possible that such phenomena
underlie the 13 studies in cluster No. 4 (high proportion of cases aged 0-11 months
and low < 5 year Hib meningitis incidence), all from developing countries.
Studies  in cluster No. 4 were significantly less likely to use antigen test results than
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the developing countries in cluster No. 2 (5/13 versus 6/7, p=0.05). Four studies in
cluster No. 4  raise specific concerns about undetected cases (Annex 2, studies number
48, 92, 138, and 140).  Frequent use of antibiotics prior to collection of specimens
appears to have been a problem in three studies where antigen detection tests were
not used (Annex 2, studies number 88, 89, and 92). One study excluded culture-
negative, antigen-positive specimens (Annex 2, study number 139). One study was
based on cases admitted to a district referral hospital, but did not investigate
possible  admissions of cases to other district hospitals and health centres
(Annex 2, study number 207).  One study was based on cases passively reported to
a health department, but no estimates of reporting completeness were provided
(Annex 2, study number 45).  Reporting completeness was also not investigated in
another study where standard report forms were supposed to be completed by multiple
participating hospitals (Annex 2, study number 6).  Finally, in one study nearly half
of abnormal cerebrospinal fluid specimens from children with clinically diagnosed
meningitis did not have culture or antigen tests (Annex 2, study number 51). In sum,
data from cluster No. 4 suggest that the observation of a high proportion of
Hib meningitis cases in children 0-11 months of age coupled with a low < 5 year
Hib meningitis incidence should lead to careful and critical scrutiny of factors possibly
responsible for underdetection of cases.

Conversely, scrutiny of case finding methods in the 5 studies involving industrialised
countries in cluster No. 3 (low proportion of cases in children 0-11 months and
high < 5 year Hib meningitis incidence) reveals vigorous case detection efforts in
4 of the 5 studies, all from the USA (Annex 2, study numbers 54, 55, 61, and 66).
Antigen detection tests were used in all 4 studies.

For most analyses we excluded studies with fewer than 15 cases of Hib meningitis,
as this  generally increased the strength of the associations we found.  Studies with
small numbers of cases can reflect a small relative size of the < 5 year population
under study, insufficient duration of a study, or reduced sensitivity in detecting cases.
Studies with small numbers of cases may also reflect truly low incidence, although
data available to us was generally insufficient to choose between the latter
two alternatives.

Assuming equal-sized yearly cohorts of children permitted remarkably accurate rates
to be estimated from < 5 year rates and the proportion of < 5 year cases in particular
age groups. The predicted and actual rates for studies where this could be assessed
were nearly identical for children 0–11 months of age (r = 0.99). This very strong
correlation can be partially attributed to deriving one of these parameters from the
other because we assumed equal-sized yearly cohorts in 8 of the 90 qualifying studies.
Some authors probably also relied on this assumption in calculating rates within the
< 5 year group. While this method was expected to work well in countries with
low childhood mortality and vertical population pyramids, it also performed well in
locations where substantial childhood mortality was expected. It can be shown
that even high infant mortality will have only small effects on the proportion of
< 5 year children that are 0–11 months of age. For example, in a population with an
high infant mortality of 100 deaths per 1000 live births, or 10% (and assuming no
additional < 5 year deaths for simplification), the proportion of < 5 year children that
are infants changes trivially from 20% to 21%. This occurs because each of the
four succeeding cohorts after infancy will have the equivalent of only 90% of the
annual births. If annual births are represented by the quantity 1.0, then the size of
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the remaining cohorts will be represented by 0.9 times 4, and the total
< 5 year population will be represented by 4.6. Annual births will represent only
1.0/4.6, or 22% of this < 5 year population (and infant deaths further reduce the size
of the infant population to result in the 21% cited above). Any two of the
three factors used in these estimates allow the remaining variable to be determined.
Determining the annual rate of Hib meningitis per 100 000 children 0–11 months of
age and the proportion of < 5 year cases occurring in children 0–11 months of age
will allow the rate of < 5 year Hib meningitis to be estimated. This suggests an
alternate approach to obtaining < 5 year Hib meningitis incidence data when the
population of children 0–11 months of age is reliably available, and may also be used
to assess internal consistency when both < 1 year and < 5 year Hib rates are available.

4.3 Ratio of Hib meningitis to pneumococcal meningitis

Neither Hib nor pneumococcal meningitis has a propensity for epidemics, and the
ratio of < 5 year Hib meningitis cases to < 5 year pneumococcal cases should reflect
in part laboratory proficiency in identifying Hib. The increasing ratios over time in
regions other than AMR and EUR are consistent with improvements in the ability
to identify Hib. Increasing proficiency in identifying Hib by laboratories in these
regions might offset other factors, such as increasing antibiotic use, with opposite
effects on rates of < 5 year Hib meningitis. A striking decline in < 5 year pneumococcal
meningitis rates appears to have accompanied the above changes (data to be presented
elsewhere). Too few data were available to permit a meaningful assessment of these
changes by region.

4.4 Antibiotic pre-treatment

Another factor possibly influencing the observed trends in rates of both pneumococcal
and Hib meningitis in children < 5 years of age is the likely increasing community
use of antibiotics, although available evidence of trends in global usage patterns does
not seem adequate to address this fully. Frequency of prior antibiotic use was not
significant in regression analysis, but this information was reported in only 28 studies.
Analysis of 13 studies where the effects of antibiotic treatment on CSF cultures
could be determined showed a very substantial influence on the ability to isolate
bacterial agents. The inability to show an effect of magnitude of prior antibiotic use
on < 5 year Hib meningitis incidence in regression analysis (only 11 complete records),
or a quantitative relationship between antibiotic use and the frequency with which
the etiology was determined in < 5 year bacterial meningitis cases, probably reflects
both small numbers and inaccuracies in this variable. Parents may be reluctant to
admit that they have administered antibiotics available either over-the-counter or as
leftovers of earlier prescriptions for household members. Parents also may be
uncomfortable in acknowledging that they sought outpatient care from a different
physician who was responsible for starting antibiotics. In the Philippines, assay of
urine for antibacterial activity in children admitted with respiratory infections showed
activity in virtually all of the 55% of children whose guardians reported such use,
but also found antibacterial activity in 34% of children for whom such use had not
been acknowledged (Sombrero et al. 1999). In China, only 36% of children admitted
to hospital were acknowledged to have taken antibiotics before admission, but direct
evidence of antibacterial activity was found in 70% of blood samples and 43% of
CSF samples obtained from children with clinically diagnosed bacterial meningitis
(Yang et al. 1993).
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Despite the importance of prior treatment with antibiotics, separate reporting of
results for those with and without prior treatment was infrequent. Isolation of bacteria
was about 50% more frequent from clinical specimens from children without histories
of antibiotic use. The available information on isolation of Hib is limited to only
three of our studies, but overall results suggest an effect of roughly this magnitude
(Table 2). As noted above, however, histories are likely to underestimate use,
and many children thought not to have received antibiotics probably had in fact
received them. This would produce an underestimate of the actual magnitude of the
effects of prior antibiotics. If the average frequency of prior treatment is about
37% (the mean for 28 studies that reported this information) and prior use of
antibiotics reduces Hib isolation by about 50%, then the total number of
Hib isolations in the studies in our database would be expected to be at least
1.23-fold higher than if no prior antibiotics had been used. However, as noted above,
the actual frequency of use is likely to exceed the reported frequency. Prior antibiotics
are thought to have more of an effect on culture results than on antigen-test results.

4.5 Antigen tests

Some authors have questioned the utility of latex tests (Perkins et al. 1995,
Tarafdar et al. 2001); however, their studies were carried out in industrialised
countries many years after Hib vaccine had been introduced and the number of
cases of Hib meningitis had fallen to negligible levels.  In contrast, our data set was
based on studies in countries prior to Hib vaccine introduction.  The data from studies
conducted in the pre-vaccine era show substantial evidence of in-use effectiveness,
increasing identifications of Hib by 31% (Table 3). Latex tests were reportedly used
in only 58 (25%) of 229 studies, but may well have been used without notation in
many others, thus accounting for lack of significance of this variable in logistic
regression. If antigen tests had been used in all studies, this would be expected
to increase overall identifications of Hib by at least 1.25 fold. A much higher
percentage of Hib infections in CSF can be identified by antigen tests alone
(range 86% to 92% depending on method of analysis) compared with culture alone.
This suggests that for countries assessing the burden of Hib meningitis prior to vaccine
introduction, given the option of using only one of these tests, antigen tests alone are
likely to produce significantly larger yields than culture alone.

Our present observations are based on studies that were selected on the basis of Hib
content, and not designed for specific study of pneumococcal infections, or the effects
of antibiotics, or antigen tests. We have sought to understand the effects of these
factors within our data set, but do not know how representative the results may be
for studies specifically designed to more broadly study these other issues.
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Annex 1:
Countries and territories,

by WHO region

WHO African Region (AFR)

Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde,
Central African Republic, Chad, Comoros, Congo, Côte d’Ivoire,
Democratic Republic of the Congo, Equatorial Guinea, Eritrea, Ethiopia, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar,
Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria,
Reunion, Rwanda, Saint Helena, Sao Tome and Principe, Senegal, Seychelles,
United Republic of Tanzania, Zambia, Zimbabwe

WHO Region of the Americas (AMR)

Anguilla, Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bermuda,
Bolivia, Brazil, British Virgin Islands, Canada, Cayman Islands, Chile, Colombia,
Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador,
French Guyana, Grenada, Guadeloupe, Guatemala, Guyana, Haiti, Honduras,
Jamaica, Martinique, Mexico, Montserrat, Netherlands Antilles, Nicaragua, Panama,
Paraguay, Peru, Puerto Rico, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and
The Grenadines, Suriname, Trinidad and Tobago, Turks and Caicos Islands,
United States of America, United States Virgin Islands, Uruguay, Venezuela

WHO Eastern Mediterranean Region (EMR)

Afghanistan, Bahrain, Cyprus, Djibouti, Egypt, Iran (Islamic Republic of), Iraq,
Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Pakistan, Qatar,
Saudi Arabia, Somalia, Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates,
UNWRA (United Nations Relief and Works Agency for Palestine Refugees in
the Near East), West Bank and Gaza, Yemen

WHO European Region (EUR)

Albania, Andorra, Armenia, Austria, Azerbaijan, Belarus, Belgium, Bosnia and
Herzegovina, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Luxembourg, Malta, Monaco,
Netherlands, Norway, Poland, Portugal, Republic of Moldova, Romania,
Russian Federation, San Marino, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Tajikistan, The former Yugoslav Republic of Macedonia, Turkey, Turkmenistan,
Ukraine, United Kingdom, Uzbekistan, Yugoslavia
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WHO South-East Asia Region (SEAR)

Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Indonesia,
Maldives, Myanmar, Nepal, Sri Lanka, Thailand

WHO Western Pacific Region (WPR)

American Samoa, Australia, Brunei Darussalam, Commonwealth of the Northern
Mariana Islands, Cambodia, China, Cook Islands, Federated States of Micronesia,
Fiji, French Polynesia, Guam, Japan, Kiribati, Lao People’s Democratic Republic,
Malaysia, Marshall Islands, Micronesia (Federated States of), Mongolia, Nauru,
New Caledonia, New Zealand, Niue, Palau, Papua New Guinea, Philippines,
Republic of Korea, Samoa, Singapore, Solomon Islands, Toklau, Tonga, Tuvalu,
Vanuatu, Viet Nam, Wallis and Futuna Islands
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Annex 2:
Tables summarizing information from

229 studies of Haemophilus influenzae type b
(Hib) meningitis in children < 5 years of age,

by WHO region

Note: Please refer to Section 2 “Methods” for details
about variables in these tables.
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Annex 4
Studies by cluster number, WHO region,

and case-fatality rate
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Cluster <5 year Hib meningitis incidence < 35/100 000; proportion of < 5 year Hib cases in children
No. 1 0–11 months of age < 60%; case-fatality rate (%) in WHO region column

Study Country and year study started AFR AMR EMR EUR WPR
number

47 Canada–1981 –

50 Cuba–1994 –

63 USA–1963 8%

58 USA–1965 4%

65 USA–1980 4%

111 Austria–1983 6%

114 Bulgaria–1997 10%

115 Croatia–1995 2%

116 Czech Republic–1987 2%

117 Czech Republic–1992 0%

118 Czech Republic–1997 2%

119 Denmark–1975 –

120 Denmark–1985 3%

121 Denmark–1991 –

125 Finland–1975 –

127 Finland–1985 4%

128 France–1980 3%

129 France–1980 –

130 Germany–1971 –

132 Greece–1992 –

137 Ireland–1991 –

144 Italy–1987 –

152 Norway–1975 –

153 Poland–1998 6%

155 Russian Federation–1999 11%

157 Slovakia–1991 17%

156 Slovakia–1996 –

160 Spain–1993 2%

163 Sweden–1971 –

165 Sweden–1981 2%

168 Switzerland–1976 0%
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Cluster <5 year Hib meningitis incidence < 35/100 000; proportion of < 5 year Hib cases in children
No. 1 0–11 months of age < 60%; case-fatality rate (%) in WHO region column

Study Country and year study started AFR AMR EMR EUR WPR
number

171 UK–1969 6%

170 UK–1975 3%

176 UK–1980 –

175 UK–1981 3%

177 UK–1988 2%

173 UK–1990 –

196 Australia–1984 0%

199 Australia–1984 4%

197 Australia–1985 4%

198 Australia–1985 3%

205 Japan–1984 3%

204 Japan–1994 3%

Cluster < 5 year Hib meningitis incidence > 35/100 000; proportion of < 5 year Hib cases in
 No. 2  children 0–11 months of age > 60%; case-fatality rate (%) in WHO region column

Study Country and year study started AFR AMR EMR EUR WPR
number

1 Burkina Faso–1989 23%

2 Gambia–1985 37%

3 Gambia–1990 16%

4 Niger–1981 44%

5 Senegal–1970 34%

91 Saudi Arabia–1996 –

210 Philippines–1994 11%

Cluster < 5 year Hib meningitis incidence > 35/100 000; proportion of < 5 year Hib cases in
No. 3 children 0–11 months of age less than 60%; case-fatality rate (%) in WHO region column

Study Country and year study started AFR AMR EMR EUR WPR
number

55 USA–1976 –

66 USA–1977 2%

54 USA–1980 –

61 USA–1982 –

135 Iceland–1974 –
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Cluster < 5 year Hib meningitis incidence < 35/100 000; proportion of < 5 year Hib cases
No. 4 in children 0–11 months of age > 60%; case-fatality rate (%) in WHO region column

Study Country and year study started AFR AMR EMR EUR WPR
number

6 South Africa–1991 5%

44 Argentina–1993 18%

45 Brazil–1997 37%

48 Chile–1985 16%

51 Dominican Republic–1998 –

88 Kuwait–1981 5%

89 Kuwait–1981 2%

92 United Arab Emirates–1990 10%

138 Israel–1981 3%

140 Israel–1984 7%

139 Israel–1988 1%

200 China–1990 10%

207 Malaysia–1985 14%

Cluster Studies in special-risk groups; case-fatality rate (%) in WHO region column
No. 5

Study Country and year study started AFR AMR EMR EUR WPR
number

68 Canada–1981 –

69 USA–1971 –

71 USA–1971 0%

72 USA–1973 –

74 USA–1974 4%

70 USA–1980 –

215 Australia–1984 8%
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