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Abbreviations: BMNSS, Bacterial Meningitis National 
Surveillance System; CFR, Case-fatality rate; CSF, Cerebrospinal 
fluid; Hi, Haemophilus influenzae; Hib, Haemophilus influenzae type 
b; NPPCINS, National Program for the Prevention and Control of 
Infectious Neurological Syndromes

Introduction
Despite the advances in antibiotic therapy and vaccines as well 

as the availability of sophisticated intensive care reached in the past 
century and the ongoing, community acquired Bacterial Meningitis 
(CABM) remains a serious threat to global health due to its high 
rates of morbidity and mortality (especially in infants),1 the serious 
permanent sequels in survivors2 as well as the variability in causative 
bacteria.3 Three species, Streptococcus pneumoniae, Neisseria 
meningitidis and Haemophilus influenzae (Hi) are responsible for 
most cases of CABM occurring beyond the neonatal period, causing 
more than 80% of cases worldwide.4 Haemophilus influenza (Hi)is 
an important human pathogen that causes severe infections including 
meningitis, sepsis, bacteremia, pneumonia, sinusitis, epiglottitis 
and otitis mostly affecting young children.5 In the pre-vaccine 
era, H. influenzaeserotype b(Hib) was a leading cause of CABM, 
epiglottitis, and pneumonia, primarily in children under 5 years.6 
Hib conjugate vaccines were introduced initially in the late 1980s for 
children aged 12 months or older, and later in the early 1990s for 
infants younger than 6 months old. Near elimination of Hib disease 
in children has occurred in countries that implemented pediatric Hib 
immunization programs.7 In Cuba Hib vaccination was introduced 
in 1999, decreasing the overall incidence of Hib meningitis from 
1.3/105 population in 1998 to 0.6/105 population in 1999 (53.4% 
reduction), with the greatest proportion in infants (70.5 %).8 After this 

intervention public health authorities decided to continue routine Hib 
vaccination through the National Immunization Program.9 The aim of 
this study was to describe the main features of Hi meningitis in infants 
and young children, as well as to analyze the effects of continuing and 
massive vaccination on infant’s morbidity and mortality in the Cuban 
context.

Methods
This observational study was based on CABM surveillance data 

from January 1st, 1998 to December 31st, 2016. This includes 312 
Hi meningitis reported cases in Cuban children under 5 years old, 
considering the date of the symptoms onset. The case definition 
for Hi meningitis was a clinical meningeal syndrome, through the 
identification of the causal agent directly by culture blood, petecchia, 
and cerebrospinal fluid (CSF) analysis or indirectly by polymerase 
chain reaction, latex test or another rapid diagnostic test at hospital 
level.10 The research was based on the information obtained from 
the Bacterial Meningitis National Surveillance System (BMNSS) 
questionnaires as part of the National Program for the Prevention and 
Control of Infectious Neurological Syndromes (NPPCINS)10 of the 
Republic of Cuba Public. The questionnaires provide uniform and 
truthful information throughout the country,11 allowing to consolidate 
a database for further analysis and interpretation. Incidence (cases/105 
population) and case-fatality rate (CFR) by age (years old and months 
old), year and provinces were calculated using the Cuban population 
estimates of the National Bureau of Statistics. CFR was calculated 
as the proportion of fatality among cases per 100. The present study 
was approved by the Scientific Board at Tropical Medicine Institute 
Pedro Kourí (IPK). The Cuban Ministry of Public Health is the 
governmental organization responsible for the collection of infectious 
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Abstract

Background: Haemophilus influenza is a leading cause of community acquired bacterial 
meningitis and other infections, primarily in children <5 years. Here, we present the main 
features of Hi meningitis and analyze the effects of continuing and massive vaccination in 
Cuban infants and young children.

Methods: A 19 years observational study of 312 cases of Hi meningitis in children <5 years 
old was carried out (January 1st, 1998-December 31st, 2016). Incidence and case-fatality rate 
was estimated annually, by age and province, as well as monthly distribution.

Results: Overall incidence was 3.4/105 population in infants (with biggest proportions at 
6,4 and 7 months) and1.4/105 in young children, with marked decreasing trend in both. 
Study period case-fatality rate was near 13.7% in infants and around the half in young 
children with marked annually variations. All provinces decreased and maintain reduction 
of morbidity and mortality after vaccination. 

Conclusion: Major decline in Hi meningitis morbidity and mortality confirmed the 
correctness and effectiveness of preventive strategy implemented in Cuba. Is worthwhile to 
continue the surveillance in order to identify changes in behavior of these life-threatening 
infections as well as circulating agents. 

Keywords: Haemophilus influenzae, Hib, epidemiology, meningitis, infants, young 
children
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disease notifications, hospital discharge records and population or 
laboratory surveillance. The management of these data for public 
health purposes does not require a patient’s informed consent nor 
does it require any authorization regarding privacy laws in Cuba. 
For database compilation we used MS Excel 2007. For the data 
processing, statistical analysis and mapping we used R version 3.5.0 
(2018-04-23), Epi Info 3.4 and Epidat 3.1 software.

Results
From January 1998 to December 2016, it was notified by the 

BMNSS a total of 2073CABMin children <5 years old, 1142 in <1 
year old and 931 in 1-4 years old. Hi meningitis accounted 312 cases 
in children <5 years old, 131 cases in <1 year old and 181 in 1-4 years 
old, representing 15.0, 11.4 and 19.4 % among all cases of CABM 
in those age groups respectively (Data not shown). Annually, the 
major number of cases in infants was observed in 1998 (51) while 
in 1999 and 2000 accounted 14 each one. From 2001 to 2016 it was 
reported between 2 and 9 cases each year. It was not notified cases 
during years 2005, 2008 and 2013. The overall incidence in infants 
throughout1998-2016 was 5.4/105 population, with the highest 
numbers in 1998, year before vaccination, 1999 (9.3/105 population) 
and 2000 (9.8/105 population) continuing with lower figures. In 2015 
a small peak was observed caused by 9 unrelated cases (incidence 
7.2/105 population) and then continue decreasing. The lowest 
incidence was observed in 2012 (1.6/105 population) (Table 1). In 
children 1-4 years old the total of cases reported during the study 
period was 181, with highest figures in 1998 (77) and 1999 (42). In the 
remainder, the figures are between 1-12 cases annually and there was 
no reporting through years 2003, 2004 and 2007 (Table 1). Overall 
incidence of this age group was 1.4/105 population during the period. 
Highest incidence was observed in 1998 (13.2/105 population), as also 
occurred in infants, followed by 1999 with 7.1/105 population. The 
rest of the series showed rates between 0.2 and 2.4/105 population 
(Table 1). (Figure 1) illustrate the annual incidence and trend along 
the study period in infants and children 1-4 years old, showing the 
important decrease starting in 1999 in both groups, but especially in 
the infants. Also a decreasing trend in both age-groups was evidenced 
(y= -0.6577x + 11.551; R² =0.2403 and y= -0.297x + 4.4979; R²= 
0.2661. respectively). 

Effect of nationwide massive vaccination was evidenced in maps 
showed in (Figure 2). All provinces decreased their Hi meningitis 
incidence after vaccination. Comparison of proportional reduction in 
the overall incidence in 1999 to 2016 in infants and children 1-4 years 
old was 90.3 % and 93.9 % respectively. Between 1998 and 2016, 
it was notified a total of 301 deaths due to CABM in children <5 
years old: 177 in <1 year old and 124 in 1-4 years old. Hi meningitis 
fatalities accounted 30 in <5 years old children, 18 cases in <1 year 
old and 12 in 1-4 years, representing 10.0, 10.2 and 9.7 % of all death 
due to CABM respectively (Data not shown). No deaths were reported 
during years 2002, 2004, 2008, 2010, 2012, 2013, 2015 and 2016. A 
total of 18 deceased reported in infants and 12 in children 1-4 years 
old, with lowest figures in the rest of the series (Table 2). During the 
period CFR in infants reached 13.6 % and 6.6 % in children 1.4 years 
old. In both groups it showed important variations in the figures with 
the highest in 2009 (100.0 %) in infants and 2001 and 2005 (50.0 
%) among children 1-4 years old (Table 2). Considering the age in 
months, no cases were reported among the infants below one month. 
The biggest numbers were observed at 6 months (22 cases),4 months 
(17 cases) and 7 months (15) with the highest proportions respectively 

(17.3, 13.4 and 11.8 %).In infants the biggest CFR was observed at 
11 months (80.0 %), followed by the ages of 4 months (23.5 %), 10 
months (22,2 %) and 7 months (20.0 %) (Table 3).

Table 1 Cases and incidence rate of Haemophilus influenzae meningitis in 
infants and children 1-4 years old. Cuba, 1998-2016.

Infants Children 1-4 years old

Year Cases Incidence Cases Incidence

1998 51 34 77 13.2

1999 14 9.3 42 7.1

2000 14 9.8 9 1.5

2001 4 2.9 2 0.3

2002 5 3.6 4 0.7

2003 6 4.4 - -

2004 4 3.2 - -

2005 - - 2 0.4

2006 3 2.5 2 0.4

2007 2 1.7 - -

2008 - - 3 0.6

2009 2 1.8 5 1

2010 4 3.4 8 1.7

2011 4 3.5 4 0.9

2012 2 1.6 1 0.2

2013 - - 1 0.2

2014 3 2.3 5 1

2015 9 7.2 12 2.4

2016 4 3.3 4 0.8

1998-2016 131 5.4 181 1.4

Source: Bacterial Meningitis National Surveillance System from the National 

Program for the Prevention and Control of Infectious Neurological Syndromes.

Figure 1 Annual incidence of Haemophilus influenzae meningitis in infants 

and children 1-4 years old. Cuba, 1998-2016.
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Table 2 Cases, deaths, incidence and case-fatality rate of Haemophilus 

influenzae meningitis in infants and children 1-4 years old. Cuba, 1998-2016.

Infants Children 1-4 years old

Year Deaths Case-fatality 
rate Deaths Case-fatality 

rate

1998 6 11.8 4 5.2

1999 2 14.3 4 9.5

2000 3 21.4 1 11.1

2001 1 25 1 50

2003 1 16.7 - -

2005 - - 1 50

2006 1 33.3 0 0

2007 1 50 - -

2009 2 100 0 0

2011 0 0 1 25

2014 1 33.3 0 0

1998-2016 18 13.7 12 6.6

Source: Bacterial Meningitis National Surveillance System from the National 

Program for the Prevention and Control of Infectious Neurological Syndromes.

Figure 2 Annual incidence of Haemophilus influenzae meningitis in infants and 
children 1-4 years old according to provinces. Cuba, 1998 and 2016.

Table 3 Cases, proportion, deaths and case-fatality rate of infants with 
Haemophilus influenzae meningitis by month of age. Cuba, 1998-2016.

Age (months) Cases % Deaths CFR

-1 - - - -

1 1 0.8 0 0

2 10 7.9 1 10

3 8 6.3 1 12.5

4 17 13.4 4 23.5

5 13 10.2 2 15.4

6 22 17.3 3 13.6

7 15 11.8 3 20

8 11 8.7 1 9.1

9 11 8.7 1 9.1

10 9 7.1 2 22.2

11 10 7.9 8 80

*Four cases did not report the age in months. 

Source: Bacterial Meningitis National Surveillance System from the National 

Program for the Prevention and Control of Infectious Neurological Syndromes.

Discussion
This paper describes the main features of Hi meningitis in Cuba 

among young children and shows the effects of continuing nationwide 
massive vaccination on children’s morbidity and mortality. There 
were some potential limitations to be considered and interpreted. First, 
our study was an observational retrospective design based on reports 
of the surveillance and, very few cases might have been missed or 
misdiagnosed despite the strict control of surveillance. Second, 
the BMNSS started the data collection in 1998; therefore the only 
previous information about the disease was that from the Mandatory 
Report of Diseases which since 1994 notified the disease, but do not 
included other information collected in BMNSS`s questionnaires. 
Nevertheless, this report represents one of the largest, longest and 
deepest epidemiological studies on Hi meningitis registered in Cuba 
so far, and it was based on a nationwide surveillance which has 
been “useful and proficient providing and synthesizing critical and 
multidisciplinary information, fulfilling all suitable surveillance 
system attributes”,11 ensuring reliability of data. Finally, our research 
includes a geographically well-defined population, with standard 
nationwide public health system. In 1993 Hib was competing very 
closely with pneumococcus for the first place as a cause of CABM 
among children under 5 years old. In infants during 1994 it was the 
main causative bacteria of CABM, with an incidence rate of 32.2/105 
population, increasing to 39.8/105 population in 1997. Likewise, in 
the group of 1-4 years old increase from 9.1/105 population to 13.9/105 
population12 In addition, it is noteworthy to comment the important 
number of Hi meningitis cases reported in Cuba during 1998, 
exceeding pneumococcus and meningococcus as leading bacteria 
causing CABM.13 Incidence curves in infants and children under 5 
years old drops sharply in 1999 after vaccination similarly to those 
observed in countries which has implemented Hib vaccination.14–16 
Nevertheless, in the present study, the incidence in infants is slightly 
greater to that of the children 1-4 years old, as well as CFR. Regarding 
elevated CFR observed in our study, it might be the effect of the drastic 
decrease in number of cases. Further studies will be needed to explain 
and confirm this premise. On the other hand, it has been suggested 
that vaccinated cases did not experience a milder disease attributable 
to the vaccine17 andmeningitis deaths might be preventable with 
existing Hib vaccines.18 Cuba implemented vaccination against Hib 
with conjugate vaccine (Vaxem-Hib® (Chiron Vaccines S. p. A., Italia) 
following two different tactics simultaneously (campaign followed 
by routine program) targeting children under 2 years old and high 
coverages.19 The sharp decline of meningitis caused by this pathogen 
immediately after vaccination (1999) occurred concurrently to arise 
in pneumococcal meningitis incidence, not fully explained, but 
probably due to the fast and intense decline of Hi meningitis, which 
might be opening a niche for pneumococci, increasing their carriage 
in population and therefore the exposure and likelihood to infection 
and disease as mentioned by authors.20 Previous studies carried out 
nationwide in Cuba, evidenced that despite vaccination against Hib, 
serotype b continue to be the most frequent isolated (>90 %).21 During 
the study period it was evident the effect of vaccination in reduction 
of morbidity in infants and children. After the Cuban conjugate 
vaccine Quimihib® comply satisfactorily safety and efficacy trials,22 
it was ready for using in prevention and control of Hib meningitis. 
For that reason Public Health Ministry introduced in the National 
Immunization Program since 2005, substituting Vaxem-Hib®. This 
Cuban conjugate vaccine is the only made by chemical synthesis in 
the world and has shown high efficacy comparable to other available 
conjugate vaccines.22 In 2010 it was added to the Cuban pentavalent.23 
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Along the study period it was evident the effect of vaccination (both 
conjugate vaccines) in reduction of morbidity and almost eliminate 
the disease in infants and young children. Results in morbidity and 
mortality confirmed how effective and correct has been the preventive 
strategy against Hib implemented in Cuba. Also is worthwhile to 
continue the surveillance of disease in order to detect changes in 
behavior and circulating agents. 
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