
6

Pérez A, et al. VacciMonitor 2011;20(1):1-7

pronóstico, pues la letalidad mayor se relaciona con la
meningococemia.

Entre los siete enfermos estudiados, solo uno falleció, pero
cuando se recogieron los datos clínico-epidemiológicos del
mismo se constató, retrospectivamente, una demora de
cuatro días en el tratamiento. La entidad que nos ocupa está
caracterizada por su severidad y por ende la precocidad del
diagnóstico y tratamiento mejoran la sobrevida de los
pacientes.

Mientras mayor fue el tiempo transcurrido desde la fecha de
la segunda dosis de vacunación hubo mayor frecuencia de
enfermos, apareciendo en el 57% de los casos, después de 4
años de aplicada la vacuna. Por tanto, la aplicación de una
dosis de refuerzo oportuna pudiera contribuir a reducirlos y
contribuir a una estrategia de eliminación de la EM por los
serogrupos BC en nuestro país. La decisión definitiva tal vez
requerirá del monitoreo sistemático de estas observaciones
y de futuras investigaciones al respecto.

Estudios realizados recientemente, donde se evaluaron los
valores de anticuerpos contra la vesícula de membrana
externa de la cepa B:4P1.19.15, componente de VA-
MENGOC-BC®, en niños adolescentes indicó que sólo el 42%
tenía anticuerpos bactericidas específicos ≥1:4, confirmando
que una dosis de refuerzo incrementó el porcentaje de
seroconversión como evidencia de una respuesta
anamnésica (23).

Al analizar los títulos bactericidas y ELISA contra PME del
serogrupo B se mostró que el promedio de títulos fue mucho
mayor en los enfermos, contrapuesto a los controles,
encontrando así diferencias estadísticamente significativas.

Quedó demostrado que los enfermos respondieron muy bien
ante la infección natural por el mismo serogupo, lo que resultó
como un refuerzo a la memoria inmunológica. Fue descartado
también que los pacientes estudiados no fueran
inmunodeprimidos, posible factor que explicaría la ocurrencia
de la enfermedad en una población vacunada.

Fernández y cols. (24) en un estudio cinético llevado a cabo
en adultos jóvenes, pero limitado a un año después de la
inmunización, valoró positivamente el efecto de una tercera
dosis al año de completado el esquema básico de dos dosis,
demostrando la memoria inmunológica significativamente
para el componente proteico de la vacuna. Reportes de la
literatura internacional a distintos serogrupos han
demostrado que los títulos de anticuerpos protectores se
elevan después de la segunda dosis y un año después de
aplicada la misma disminuyen a niveles casi prevacunales,
sugiriendo la necesidad de una tercera dosis para reactivar
la memoria inmunológica (25, 26).

Nuestra vacuna ha demostrado ser muy efectiva no sólo
contra el serogrupo B, sino también que ha logrado cortar la

transmisión del serogrupo C.  La vacuna cubana es protectora
para la ocurrencia de la enfermedad meningocócica del
serogrupo BC. La presentación de la enfermedad ocurrió con
un promedio de alrededor de cuatro años posterior a la
aplicación de la segunda dosis.

La no lactancia materna fue un factor presente en los casos
de EM. Los títulos de anticuerpos bactericidas B y ELISA
fueron muy superiores en los casos, lo que demuestra una
memoria y respuesta inmunológica satisfactoria a la infección
natural en niños vacunados.
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Meningococcal Disease. A case control study in the City of Havana, November 2003-
July 2005

AbstractAbstractAbstractAbstractAbstract

Cuba has carried out a meningococcal immunization program since 1991. Current  article aims at knowing the
factors associated to meningococcal disease (MD) in vaccinated persons. The universe were the nine cases
under 20 years old registered as MD from November 2003 to July 2005 in the City of  Havana and 34 community
controls to compare to the cases and to identify associated risk factors and to evaluate existing bactericide and
ELISA antibodies against the outer membrane protein from serogroup B. Only seven cases were studied because
one was out of the country and the other was a dead case. The 100% of studied cases showed the meningitis form,
with an average hospital stay of 9.8 days and a lethality of 14.3% (1/7). Bivariate analysis showed no maternal
nursing (OR 3.17 IC 95% = 0.44-27.85) associated to the occurrence of the disease. But it was not significant
(p>0.05) due to the study universe. Multivariate analysis found out association with no maternal nursing (OR 3.22
IC95%= 0.52-19.52) but it also was not significant. Mann Whitney test to compare antibody titers against B
antigen in both groups, showed a very significant difference (p<0.01) for the immune memory response to natural
infection. The Cuban vaccine protects from MD caused by serogroup BC. The onset symptoms of the illness
occurred with an average of four years after  the second dose of the vaccine in 57 % of the cases.
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Beginning in 1988, the incidence of meningococcal disease in the area of greater Sao Paulo began to surpass
the upper confidence limit of an 8-year average incidence (from 1979 to 1986), thus characterizing a new
epidemic in the region of greater Saio Paulo. This epidemic, which extended to 1990, was different from
previous epidemics in that it was caused by serogroup B. The increased incidence of meningococcal disease was
paralleled by an increased prevalence of a single group B clone, B:4:P1.15, of the ET-5 complex. ET-5 strains
have been present in the greater Saio Paulo area since 1979; however, they have been associated with a high
percentage of the group B disease only from 1987 to the present. On the basis of the increased incidence of
group B disease in Siio Paulo, a mass vaccination program with a serotype 4:P1.15 meningococcal protein
vaccine was undertaken. The impact of this vaccination program is under analysis.

The occurrence of meningococcal disease in Brazil has
been monitored on a national level since the group A and C
epidemics that occurred between 1972 and 1974 and reached
levels in excess of 179 cases per 100,000 inhabitants of
greater Sao Paulo in 1974. In April 1975, 95% of the
population of greater Sao Paulo were vaccinated with a
group A and C bivalent meningococcal polysaccharide vac-
cine. From 1980 onward, the annual incidence remained
between 1.0 and 1.4 cases per 100,000 inhabitants. In recent
years, the aspect of meningococcal disease having the great-
est epidemiological relevance was the growing predom-
inance of Neisseria meningitidis serogroup B, rather than
the A and C serogroups, which had been responsible for the
epidemics in Brazilian states in the past (10). The proportion
of group B N. meningitidis among isolates that were sero-
grouped remained over 50% during most of the 1980s and
now surpasses 70%.

In the city of Sao Paulo, meningococcal disease was
clinically and epidemiologically diagnosed at the beginning
of this century. From 1930 to 1945, the disease presented
incidences between 2.0 and 4.0 cases per 100,000 inhabitants
(9, 12). In 1945, it reached epidemic proportions which lasted
until 1951, with a peak incidence in 1947 of 25 cases per
100,000 inhabitants. The N. meningitidis serogroup respon-
sible for this epidemic was not determined.

After 1952, meningococcal disease lost its epidemic char-
acter. However, in 1971, a new and significant increase in
the incidence of meningococcal disease was detected in the
greater Sao Paulo area, and a new epidemic, which was
caused by group C, began the following year. A peculiar
phenomenon occurred during this period (from 1972 to
1974), in which there was an overlapping of two epidemic

* Corresponding author.

waves: one wave was caused by group C, and another, larger
wave was caused by group A.

Beginning in 1988, the incidence of meningococcal disease
in the greater Sao Paulo region again began to surpass the
upper confidence limit of the 8-year average incidence (1979
to 1986), thus characterizing a new epidemic in the region as
of 1988. This epidemic, which extended until 1990, was
different from previous epidemics in that it was caused by
serogroup B.

Since the group B capsular polysaccharide is poorly
immunogenic, experimental outer membrane protein vac-
cines have been developed. However, knowing which sero-
types to include in such vaccines has been a major problem,
and this determination should be based on current epidemi-
ological data. Serotypes within meningococcal serogroups
are determined by the antigenic specificity of either the class
2 or the class 3 major outer membrane protein (6). All
meningococcal strains have either a class 2 or a class 3
protein, but not both. Strains are also distinguished by
subtype, which is based on their class 1 outer membrane
protein (6). The combination of group, serotype, and sub-
type designations (for example, B:4:P1.15) can help distin-
guish among different epidemiologically related strains or
clones.
A more recent technique for epidemiological tracing is

multilocus enzyme electrophoresis typing, or electropho-
retic type (ET) typing. ET typing examines electrophoretic
differences in 10 to 15 enzymes required for growth of the
bacteria. Both serotyping and ET typing identify strains or
clones within a given serogroup; the important difference
between them is that serotyping examines the antigenic
diversity of important cell surface structures that may be
involved in the induction of protective immunity.
The purpose of the present study was to document the

dynamic clonal changes that may occur within a single
serogroup over time. Meningococcal strains isolated in the
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TABLE 1. Distribution (by year) of N. meningitidis serogroup
B strains in greater Sao Paulo

Strains serotyped
Yr No. of isolates

received NoC4l of total
(for yr)

1977 103 14 14
1978 130 33 25
1979 97 23 24
1980 70 31 44
1981 82 29 35
1982 52 31 60
1983 78 39 50
1984 72 30 42
1985 101 29 29
1986 121 39 32
1987 123 36 29
1988 213 157 73
1989 218 120 55
1990 188 184 98

Total 1,648 795 48

greater Sao Paulo area from 1977 through 1991 were exam-
ined to determine the changes in the distribution of different
serotypes and subtypes and to identify those responsible for
the increase in meningococcal disease during the last 3
years.

MATERUILS AND METHODS
Origin of strains. Greater Sao Paulo includes the city of

Sao Paulo (capital of the state of Sao Paulo) and 36 other
nearby municipalities and had an estimated population of
16,450,000 in 1988. The majority of patients with meningo-
coccal disease in this region are admitted to a single public
hospital, Emilio Ribas Hospital, which specializes in conta-
gious infectious diseases. The hospital is located in the city
of Sao Paulo and uses the nearby Adolfo Lutz Institute as its
diagnostic laboratory for cultures, spinal fluid analysis, and
hematology.

All strains examined were from the strain collection of the
Adolfo Lutz Institute. The percentage of N. meningitidis
group B strains selected to be serotyped for each year
depended on the number of strains lyophilized and strain
viability (Table 1).

Grouping and serotyping. Following biochemical identifi-
cation, the strains were serogrouped by the slide agglutina-
tion technique, in which antisera against the nine major
capsular serogroups of N. meningitidis were used. These
antisera were prepared by the National Reference Center for
Meningitis at the Adolfo Lutz Institute. The 795 selected
serogroup B strains were serotyped and subtyped by a dot
immunoblot technique (7) with monoclonal antibodies and
outer membrane vesicles. Monoclonal antibodies for sero-

types 2a (1673F2), 2b (1082E7), 4 (2303C5), 8 (2725H6), and
15 (1951C8) and subtypes P1.2 (1649C7) and P1.15 (2731C6)
were from the Center for Biologics Evaluation and Re-
search, Bethesda, Md.; others were kindly provided by
Wendell D. Zollinger of the Walter Reed Army Institute of
Research, Washington, D.C.
Outer membrane vesicles. Outer membrane protein prepa-

rations used for serotype and subtype analysis were pre-
pared by a rapid extraction procedure. Each strain was

grown overnight on one tryptic soy agar plate (Difco, De-
troit, Mich.) containing 1% normal horse serum. Cells were

Incidence (/100,000 inhabitants)
6

5
,.E

1

77 78 79 80 81 82 83 84 85 86 87 88 89 90
Years

FIG. 1. Incidence of N. meningitidis disease in Sao Paulo State
(solid line) and greater Sao Paulo (broken line) from 1977 to 1990.

harvested from the plate and suspended in 1.5 ml of extrac-
tion fluid (0.2 M LiCl, 0.1 M sodium acetate [pH 6.0]). Glass
beads were added, and the outer membrane vesicles were
extracted by vigorous shaking at 50°C for 2 h. Cells were
removed by centrifugation at 10,000 x g for 20 min. The
outer membrane vesicles were pelleted from the cell super-
natant by ultracentrifugation at 100,000 x g for 2 h and then
were used in the dot blot immunoassay.
ET typing. Methods for protein extract preparation, starch

gel electrophoresis, and enzyme detection have been de-
scribed previously (13). Each isolate was characterized by
its combination of alleles for the 13 enzymes assayed and its
distinctive multilocus genotypes (also designated ETs), and
each isolate was compared with those previously identified
(4).

Source of epidemiological data. The data pertaining to
meningococcal disease among people residing in the metro-
politan region of Sao Paulo are the product of the System for
Epidemiological Vigilance for the state of Sao Paulo and
were consolidated and analyzed by the Center for Epidemi-
ological Vigilance.

RESULTS

The incidence of meningococcal disease, including men-
ingitis and septicemia, in greater Sao Paulo was 3.31 cases
per 100,000 inhabitants in 1977 and fell to a low of 1.05 cases
per 100,000 inhabitants in 1982 (Fig. 1). The incidence has
increased steadily since 1986 and reached 5.39 cases per
100,000 inhabitants in 1990.
The incidence (by month) of meningococcal disease in the

greater Sao Paulo region is shown in Fig. 2. The incidence
began to surpass the upper confidence limit of the 8-year
average incidence (from 1979 to 1986) in some months of
1987, but from 1988 onward, an epidemic became evident.
Note the seasonality in the incidence of disease.
The serogroup distribution over the last 17 years has been

analyzed for the greater Sao Paulo region (Fig. 3). The
proportion of meningococcal disease caused by group B has
been about 80% of all meningococcal disease since 1983.
However, in 1989, the number of cases of group C disease
increased, and it doubled again in 1990. Serogroup A strains
have not been isolated since 1982. In 1986, there was one
counterimmunoelectrophoresis-positive case of group A dis-
ease, but it was not confirmed by culture. Figure 3 also
shows the percentage of meningococcal disease among all
culture- and antigen-diagnosed cases of bacterial meningitis.

Vot- 30, 1992
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FIG. 2. Coefficient of incidence (by month) of N. meningitidis

disease in greater Sao Paulo from 1987 to 1990 ( ). A, April; J,
July; 0, October. Data from 1979 to 1986 were used to establish the
mean (.. ) and upper limit (----) of the endemic levels.

Along with the increased proportion of meningococcal
disease due to serogroup B, there have been major changes
during the study period in the strains causing disease. Figure
4 shows the number of strains of the predominant group B
serotypes found in the Sao Paulo area since 1977. Serotype
B:4 has been prevalent since 1984 and has increased in
prevalence each year through 1989, when it accounted for
70% of all group B isolates. Until 1982, nonserotypeable
(NT) strains accounted for the highest percentage of isolates
among serogroup B. B:NT strains have now been replaced
by serotype 4, and B:4:P1.15 strains have accounted for over
50% of all B isolates since 1988.

Although serotype 2b has been reported elsewhere, it was
infrequently isolated in the greater Sao Paulo area. In 1988,
serotype 2b accounted for only 1.27% of group B isolates but
accounted for 2.7% in 1990. On the other hand, serotype
B:2a made up about 4.37% of the scrotypes isolated between
1977 and 1984, but no further isolates were recovered until
1990 (one isolate).
The distributions of serotype B:4:P1.15 and of the ET-5

complex are shown in Fig. 4. Strains belonging to the ET-5

100

so

20-~

20

1974 1976 1978 1980 1982 1984 1986 1988 1990
Years

FIG. 3. Distribution of serogroups among disease isolates of N.
meningitidis recovered between 1973 and 1990 from greater Sao
Paulo. The percentage of total culture- or antigen-diagnosed bacte-
rial meningitidis due to N. ineningitidis is also shown. E, group A;
+, group B; O, group C; A, bacterial meningitis.

complex have increased in parallel with the incidence of
B:4:P1.15 over the last several years. Nearly all of the
B:4:P1.15 isolates belonged to the ET-5 complex.

DISCUSSION

Group B meningococcal strains that cause disease in
different countries have been shown to be very heteroge-
neous. Within recent years, outbreaks and epidemics have
been caused by serotypes 2a, 2b, 4, 8, and 15 (5). Prior to the
mid-1970s, much of group B disease in several parts of the
world was caused by serotype 2a (1, 5). During the late
1970s, a shift from serotype B:2a to B:2b was seen in the
United States (5) and Canada (3). Similar shifts in serotype 2
have occurred in England, Wales, Norway, Denmark, the
Netherlands, Iceland, and the Faroe Islands (1, 8, 11).
Serotype 15 has been hyperendemic in Norway since 1974.
More recently, B:15:P1.16 strains have caused outbreaks of
meningitis in Great Britain, Iceland, Denmark, the Faroe
Islands, and the Netherlands (8, 11). Clones representing the
responsible serotype 15 strains have been classified by ET
typing into a number of closely related ETs designated the
ET-5 complex, which is characterized by genetic homoge-
neity and an ability to cause serious epidemics (4). The ET-5
complex seems to have spread widely in many countries
during the late 1970s and 1980s (4).
The Emilio Ribas Hospital cares for nearly 80% of patients

with meningococcal disease in greater Sao Paulo. Therefore,
this hospital is a true reflection of greater Sao Paulo in terms
of meningococcal disease. The incidence for greater Sao
Paulo was found to approximately parallel that of the state of
Sao Paulo, but in 1986, greater Sao Paulo began to present
higher coefficients of incidence in relation to those of the
state (Fig. 1). Between 1980 and 1986, the incidence re-
mained approximately constant, varying between 1.0 and 2.0
cases per 100,000 inhabitants, but increased thereafter,
reaching coefficients higher than in 1977. In 1990, the inci-
dence was 5.39 cases per 100,000 inhabitants. There was also
a great change in relative prevalence of the serogroups
during this period (from 1977 to 1990). The percentage of
disease due to serogroup A fell from 39.64% in 1977 to 1.45%
in 1982, while the percentage of disease due to serogroup B
increased from 30.47 to 75.35% in the same period. The
percentage of meningococcal disease due to serogroup B
continued to rise until 1985, when serogroup B disease
represented 93.52% of all the cases of meningococcal dis-
ease, but has decreased since. It is interesting that during
this period, there was also an increase in meningococcal
disease, from 26.96% in 1986 to 41.78% in 1990, in relation to
total bacterial meningitis (Fig. 3).
By February of 1988, the incidence of meningococcal

disease began to persist above the upper confidence limit of
the 8-year average incidence, which denoted the start of an
epidemic; incidence reached 4.06 cases per 100,000 inhabi-
tants in 1988. Even higher levels were seen in 1989 and 1990
(4.74 and 5.39 cases per 100,000 inhabitants, respectively).

Regarding the serotypes of serogroup B, there was an
inverse relationship between serotype B:4 and nontypeable
strains during the period analyzed (Fig. 4). The increased
incidence of meningococcal disease was paralleled by an
increased prevalence of a single group B clone, B:4:P1.15, of
the ET-5 complex. The percentage of B:4 strains remained
approximately constant at around 25% between 1977 and
1982. From 1982 to 1990, the increase in the percentage of
serogroup B was accompanied by an increase in the inci-
dence of serotype B:4 (from 42% in 1982 to 80% in 1990) and
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The Epidemiological Impact of Antimeningococcal B
Vaccination  in Cuba

Antonio Pérez Rodríguez+, Félix Dickinson, Alberto Baly, Ramón Martinez

Instituto de Medicina Tropical  “Pedro Kourí”,  Autopista  Novia del Mediodía km 6,  Municipio Lisa,
Ciudad de La Habana, Marianao 13, Cuba

The incidence of invasive meningococcal disease (IMD) before (1984-1988) and after (1989-1994),
a nationwide intervention with VA-MENGOC-BC vaccination started in 1989, was compared. The
prevaccination period incidence density (ID> 8.8/ 105 year-person) was higher than the postvaccina-
tion ID (ID< 6.5/ 105 year-person).  The percentage proportional differences from the start to the end of
each period of ID in the vaccinal period was higher (87%) than the prevaccinal (37%) with significant
differences among vaccinated groups (< 25 years old).  A break-point (Chow test) was confirmed by the
decrease in the ID between 1989 and 1990 in children under 1 year old, 5-9, 10-14, 15-19 and 50-54
years. Comparison of ID using maps showed a decrease in IMD in all municipalities during the postvac-
cination period. These findings support the epidemiological impact of VA-MENGOC-BC vaccination in
the reduction of IMD morbidity.

Key words: invasive meningococcal disease - impact of vaccination - antimeningococcal B vaccine - vaccine
effectiveness - control of epidemic - Cuba

Septicemia and meningitis are the most
lifethreatening forms of invasive meningococcal
disease (IMD) infections (De Voe 1982). This dis-
ease has become a relevant worldwide health prob-
lem because of it’s high morbidity and mortality.

Thirteen serogroups have been identified based
on antigenic differences in the capsular polysac-
charides of the causative agents. The most com-
mon are A, B and C which are responsible for 90%
of disease in the whole world  (PAHO 1994, WHO
1996).

At present in Europe, Australia and America
the incidence of serogroup B disease is  increasing
mostly in children under 5 years of age (WHO
1996). The European incidence rate in 1995
reached 1.71 cases per 100,000 inhabitants and the
prevailing serogroups  were B (69%) and C (27%)
(Noah & Connolly 1996).

IMD was endemic in Cuba (10-41 cases per
year) and was not considered a health problem.
Starting from 1962, the reported incidence in-
creased from 0.1, reaching 1.8 cases per 100,000
inhabitants in 1978, with the increased incidence
mostly caused by serogroup C. The Public Health
Ministry decided to carry out nationwide vaccina-
tion in 1979  with a capsular polysaccharide A-C
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vaccine (Merieux Laboratories) in the portion of
the population  ranging in age from 3 months to 19
years. A vaccination coverage of 80% was
achieved, resulting in a reduction of meningococci
C infections (Valcárcel et al. 1990). Despite this
intervention, the incidence rate continued to rise
and in 1980 the Public Health Ministry considered
IMD as a nationwide major health problem.  The
prevailing serogroups were B (78.4%) and
serogroup C (7.2%). The peak of the epidemic
occurred in 1983, reaching a maximum incidence
of 14.4 cases per 100,000 inhabitants. In the 1980s
research started in Cuba on a serogroup B-C vac-
cine (VA-MENGOC-BC) produced from strain
Cu385/83 (B:4; P1.15) which consisted of lipooli-
gosaccharide-depleted outer membrane proteins
and group C polysaccharide, enriched with enve-
lope proteins from 65 to 95 kDa (Sierra et al. 1990).
Based on encouraging results in the efficacy trials
between 1987 and 1988, the Ministry of Public
Health carried out a massive vaccination of the high
risk  population  under  20 years  of  age, achieving
95%  coverage (>3 million vaccinated)  with  re-
markable success in the control of IMD (Almeida
& Rico 1994). Starting in 1991 the vaccine was
included in the National Immunization Program
(NIP) for all infants  (first dose at 3½ months and
the second at 5½ months), and since then has
achieved 89.4% of coverage (581,210 infants)
(Pérez & Dickinson 1998).

 The goal of the present study was to assess the
impact of meningococcal vaccination against IMD
serogroup B in Cuba.
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MATERIALS AND METHODS

Study population and data sources - Cuban
population data obtained from the National Center
of Population and Development were used in single
ages from 0 to 4 years old and quinquenial groups
for the remainder.

The Cuban State Health System is based on na-
tionwide free health service with total access and
equal opportunity for every citizen to obtain medi-
cal assistance, hospitalization, vaccination, social
assistance and other services. Therefore National
Epidemiological Surveillance System has covered
the entire country since 1962 and provided passive
information data on all reported IMD (7,448 cases)
in the selected period between January 1st, 1984 to
December 31st, 1994. In view of the severity of
IMD, all suspicious cases are always referred to
hospital, where the laboratory diagnosis and notifi-
cation are endorsed. In addition, an Oversight Com-
mittee in each hospital analyses all infectious neu-
rological syndromes to ensure cases of meningo-
coccal disease were not missed. Complementary
epidemiological information about IMD cases was
obtained from the National Meningococcal Survey
as established the control program. The reliability
and fitness of the data was assured by the above
stated standarization of diagnosis, compulsory and
complete reporting and registration of a systematic
audited-evaluated surveillance system. This included
the 1982 changeless definition which considered a
confirmed case as “every patient  with  clinical ill-
ness consistent with IMD and Neisseria meningitidis
isolation from blood or cerebrospinal fluid and/or a
positive antigen test for meningococcus and/or a
Gram stain of cerebrospinal fluid or blood showing
Gram-negative diplococci. Exceptionally by clini-
cal-epidemiological criteria and the advice of au-
thorized experts”.

 Analysis - The statistical analysis involved two
well defined periods in which the only difference
was vaccine intervention: the first, from January
1st,  1984 to December 31st, 1988 and coincident
with the decrease of the epidemic without vacci-
nation mediation (prevaccinal period) and the other,
with the mediation of VA-MENGOC-BC vaccine,
from January 1st, 1989 to December 31st, 1994
(vaccinal period).

Chronological series of incidence density (ID)
(Miettinen 1976, Kleinbaum et al. 1982, Rothman
1987, Jenicek & Cléroux 1993), per year  allowed
the descriptive analysis.

The percentage proportional differences for
each period (PPD) were calculated as PPD =
(IDinitial - IDfinal ) / IDinitial ·100.

The Sign Rank Wilcoxon Test was used to cal-
culate the respective percentage difference ID mean
in each age group and period. This finally allowed

a comparison of individuals under 25 and ≥ 25
years old between periods.

A Chow Test (Novales 1993) was performed
which considered the hypothesis of a break point
in 1989 or 1990 because of the high vaccination
coverage (>80%) in the population under 25 years
of age.

 The ID of the prevaccinal and vaccinal peri-
ods was mapped at the municipal level in each age
group in order to illustrate the reduction of this
indicator all over the country. As an example, only
the maps for the children under 1 year old were
included in this paper.

Data processing was made using  EPIINFO 6.0,
EXCEL 5.1, Statistica for Windows 4.3, TSP 7.0
to run Chow Test; MAPINFO was used for mak-
ing maps.

RESULTS

From 1984 to 1994 total ID decreased  from
14.1 (1401 cases) to 0.8 (88 cases)  per  100,000
persons-year. In the prevaccinal period the ID re-
duction was from 14.1 (1401 cases), to 8.8 (922
cases) per 100,000 persons-year (reduction of 479
cases), but in the vaccinal period the reduction
observed was more significant from 6.5 (683 cases)
to only 0.8 (88 cases) per 100,000 persons-year
(595 fewer cases). The highest risk of IMD was
among infants of less than 1 year old in both peri-
ods. From 1992 the highest risk was for children
under 3 years old but was lower than in the
prevaccinal period. In all simple and clustered ages
the ID decreased by more than 50% during the vac-
cinal period when compared with the prevaccinal.
The overall risk of IMD was higher in the popula-
tion under 20 years old in both periods and the de-
crease observed among this group was remarkable
during the vaccinal period. Contrarily in the popu-
lation ≥ 20 years old, which remained unvaccinated,
ID were low even in the prevaccinal period and did
not change notably when the two periods were com-
pared (Tables I, II).

When comparing ID percentage proportional
differences in both periods, the highest reduction
was observed in the vaccinal period. All age groups
reduced their ID in the vaccinal period, but this
was particularly marked in children under 3 years
old (Fig. 3). The Sign rank Wilcoxon Test con-
firmed the significant differences between both
periods (p<0.01), most notably in the vaccinated
population (p=0.0019).

The Chow Test provided evidence for a signifi-
cant break point (p<0.05)  in 1989 for groups under
1 year old, 15-19 and 50-54 years old, while in 1990
the statistical significance was only observed in 1
year old children, 5-9 and 10-14 years old age
groups, coincident with the achievement of high
vaccination coverage (Table III). As an example, in
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order to make clear the results of Chow test, Figs 1
and 2 showed that when comparing both periods
the decrease was faster in the 1 year age group
(p<0.01)  than  in  the 3  year age group (p> 0.05).

The mapped data relating to children under 1
year old showed the highest ID values during the

prevaccinal period in the municipalities of Cuban
central region; this epidemiological situation was
modified after the use of  vaccination. The number
of case less-municipalities increased five fold af-
ter vaccination and was reflected in the reduction
of the ID in the vaccinal period (Figs 4, 5).

TABLE I

Invasive meningococcal disease. Number of cases  according to age and year of occurrence. Cuba  1984-1994

Prevaccinal period Vaccinal period

Age 1984 1985 1986 1987 1988 1989 1990  1991 1992 1993 1994

< 1 203 213 221 209 215 184 133 86 58 34 26
  1 92 87 77 72 76 67 40 20 16 5 6
 2 49 75 59 56 45 23 18 11 9 8 4
 3 60 55 40 37 41 32 8 16 7 2 3
 4 48 43 29 28 38 17 14 7 6 3 5

   5-9 189 161 136 99 98 89 40 27 16 9 15
 10-14 236 205 193 131 124 77 39 15 3 4 6
 15-19 170 179 114 94 66 50 39 11 7 2 2
 20-24 76 62 52 32 46 30 17 5 3 2 0
 25-29 37 49 32 14 30 14 11 8 2 3 4
 30-34 30 32 26 15 21 13 12 9 1 3 0
 35-39 35 41 24 8 14 10 12 5 7 0 1
 40-44 39 29 22 29 23 15 10 9 2 2 1
 45-49 29 26 21 13 19 17 14 4 0 2 2
 50-54 28 23 19 15 10 12 14 3 4 4 2
 55-59 22 19 20 13 15 11 10 4 5 1 3
 60-64 15 22 14 13 14 6 6 3 2 0 0

≥65 43 33 32 33 27 16 17 15 4 10 8

Total 1401 1354 1131 911 922 683 454 258 152 94 88

TABLE II

Invasive meningococcal disease. Incidence density (105 year-person )  according to age and year of occurrence.
Cuba  1984-1994

Prevaccinal period Vaccinal period

Age 1984 1985 1986 1987 1988 1989 1990  1991 1992 1993 1994

< 1  123.6  118.6   134.6   117.7   115.6 100.5 71.9  49.9  37.2 22.5  14.9
 1    56.6    50.1    42.9    43.9     42.9   36.0 21.8   10.8    9.3    3.2    3.4
2    31.5    46.7    36.4    31.6     27.6   13.0   9.7     6.0     4.9    4.6     2.2
3    45.3    35.2    22.2    20.6     25.1   17.3   4.5     8.6    3.7    1.0     1.6
4    36.3    32.4    18.6    17.4     23.5     9.6    8.5     3.9     3.2    1.6     2.7

5-9    22.0    20.2    19.2    14.1     13.6   11.9    5.3     3.3     1.9    1.0     1.7
 10-14    20.9    19.0    18.9    14.0     14.4     9.6    4.8     2.1     0.4    0.5     0.8
 15-19    14.6    15.5      9.8      8.0      5.7     4.5    3.4     1.1     0.7    0.2     0.2
 20-24      7.2     5.6      4.5      2.7      3.9     2.6    1.4     0.4     0.2    0.1     0.0
 25-29      5.2     6.7      3.9      1.5      3.0     1.3    1.0     0.7     0.1    0.2     0.3
 30-34      4.3     4.6      3.6      2.1      3.0     1.9    1.7     1.1     0.1    0.3     0.0
 35-39      5.4     6.2      3.5      1.1      1.9     1.3    1.5     0.7     1.0    0.0     0.1
 40-44      6.6     4.8      3.5      4.6      3.5     2.3    1.5     1.3     0.2    0.2     0.1
 45-49      5.7     4.9      3.9      2.3      3.3     2.8    2.3     0.7     0.0    0.3     0.3
 50-54      6.8     5.5      4.3      3.4      2.1     2.5    2.8    0.5     0.7    0.7     0.3
 55-59      5.9     5.0      5.3      3.3      3.7     2.7    2.4     0.9     1.1    0.2     0.6
 60-64     4.8     7.0      4.3      4.0      4.1     1.7    1.7     0.8     0.5    0.0     0.0

≥65      5.6     4.2      3.7      3.7      3.0     1.7    1.8     1.5     0.4    1.0     0.8

Total   14.1   13.5    11.0      8.8      8.8     6.5     4.2     2.4     1.4   0.8     0.8
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serogroup A. A number of cases (679/1,729; 39.3%)
were diagnosed by Gram stain and only a few cases
(44/1,729; 2.5%) using clinical-epidemiological
experts criteria. The National Reference Laboratory
of Tropical Medicine Institute “Pedro Kourí” re-
ceived 346 strains classified 65.0% (225/346) as B4
P1.15 (vaccinal strain), 33.5% (116/346) as
serogroup B and 0.3% (1/346) as serogroup B2, with
only 1.2% (4/346) remaining unclassifiable.

DISCUSSION

 This investigation was based on epidemiologi-
cal analysis of the IMD behavior supported by sta-
tistical tools in order to evaluate the impact of a
vaccination program at the time of slow epidemic
decrease which was dependent on the recent avail-
ability of a new vaccine against serogroup B which
was essential to control the worrying morbidity
levels seen in the population under 20 years old
and  especially in children under 5 years old.

The greatest reduction of IMD was evident
during the vaccinal period (87.7%) compared with
prevaccinal (37.6%) as shown by the chronologi-
cal series supported by ID percentage proportional
difference and the Chow Test. The significant break
point observed for some age groups was illustrated
by comparing the significant change in the reduc-
tion of morbidity which occurred in the 1 year of
age group (Fig. 1) with the non significant change
(Fig. 2) in the 3 years of age group. Nonstatistical
significance observed with the Chow Test  for some

Fig. 1: invasive meningococcal disease. Incidence density in children of 1 year old during prevaccinal and vaccinal period. Cuba
1984-1988 and 1989-1994.

TABLE III

Invasive meningococcal disease. Chow test (break
point) on chronological incidence density series
according to group of ages.  Cuba 1984-1994

Simple   and                                 Chow Test
grouped  ages Statistic F p-value

 <1 12.4850 0.0049
1                               8.0385a 0.0154
2 3.7409 0.0785
3 1.0643 0.3948
4 1.9852 0.2075

5-9                            11.5490a 0.0061
10-14                            7.1641a 0.0203
15-19 6.0205 0.0282
20-24 1.4763 0.2918
25-29 2.1061 0.1923
30-34 0.1352 0.8758
35-39 3.6426 0.0824
40-44 0.9140 0.4439
45-49 0.4265 0.6687
50-54 6.0540 0.0298
55-59 0.3277 0.7310
60-64 1.6409 0.2604
=65 3.5781 0.0850

a: break point in 1990.

Only 1,006 samples (58.2%) of 1,729 cases re-
ported were classified during the vaccinal period,
corresponding to 98.6% (992/1,006) serogroup B,
0.9% (9/1,006) serogroup C, and 0.5% (5/1,006)
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Fig. 2: invasive meningococcal disease. Incidence density in children of 3 years old during prevaccinal and vaccinal period. Cuba
1984-1988 and 1989-1994.

Fig. 3:  invasive meningococcal disease. Percentage proportional differences from starting to end of each period of incidence
density according to groups of age. Cuba 1984-1988 and 1989-1994.
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Fig. 4: invasive meningococcal disease. Incidence density in children under 1 year old according to municipalities. Cuba 1984-1988.

Fig. 5: invasive meningococcal disease. Incidence density in children under 1 year old according to municipalities. Cuba 1989-1994.

immunized age groups, may be related to the low
number of cases which occurred in these groups at
the begining of the vaccinal period (cohort effect)
with a subsequently  slow morbidity reduction
which resulted in a low endemicity threshold, only
reducible when implementing a disease elimina-
tion program. This might explain  the heteroge-
neous Chow Test results for different age groups
in the vaccination period.

Parameters for evaluating vaccine intervention
programs against infections diseases must take into
account the direct effects of the intervention as well
as the indirect, also known as the protective ef-
fects,  that are mediated by the intervention-induced
changes in transmission of disease (Halloran et al.
1991).

In our study the decrease of ID observed dur-
ing the vaccinal period in the unvaccinated popu-

lation (≥20 years old), might be also explained by
herd immunity and the other factors mentioned
above. Nevertheless in some of these groups ID
was already low without vaccine mediation and it
may have been related to specific host susceptibil-
ity phenomenon.

   The mapped data facilitated interpretation of
the results, showing not only that almost all mu-
nicipalities decreased their ID, but also the impor-
tant increase in the number of IMD case less-mu-
nicipalities after vaccination. These data represent
a very useful tool for demonstrating the
homogeneus nationwide impact on ID decrease,
as a result of the high coverage of vaccination.

Studies  of   antimeningococcal   BC  vaccina-
tion   under   epidemic   conditions   in  other coun-
tries  (Boslego et al. 1995, Noronha et al. 1995)
suggest low efficacy for VA-MENGOC-BC vac-
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cine in serogroup B IMD, especially in children
under 5 years of age. In contrast, our results re-
vealed a dramatic decrease of epidemic after vac-
cination with a type specific vaccine (an initial mass
vaccination followed by systematic immunization)
which confirms that community interventions may
be a reliable source  of  knowledge even if the find-
ings are sometimes confusing or disappointing. We
agree that “the art of epidemiologic reasoning is to
draw sensible conclusions from imperfect data”
(Comstock 1990).  On the other hand, previous
studies in Cuba endorse our results reporting an
efficacy of between 93 to 98%, e.g. 98% effec-
tiveness in Ciego de Avila province, 96% in
Holguin, and 99% in Havana in children from 0 to
5 years old  (Sierra et al. 1991, Almeida & Rico
1994, Rico et al. 1994). The Cuban-Brazilian Com-
mission studied effectiveness in Brazilian children
under 6 years old, observing an effectiveness be-
tween 60 and 79% (Mixed Commission Brazil-
Cuba 1994).  It is necessary to point out that the
Ministry of Public Health preventive strategy of
using  VA-MENGOC-BC in children under 1 year
old through NIP since 1991, was an important fac-
tor involved in maintaining the morbidity reduc-
tion even when continous circulation of the agent
was confirmed. This is an important difference with
regard to other countries, which only used vacci-
nation as a punctual measure in epidemic control
and could also explain differences in the results.

The prevalence of serogroup B among the cases
was similar in both periods according to the Na-
tional Surveillance data. In addition, previous stud-
ies indicated that VA-MENGOC-BC did not in-
fluence meningococcus B carriage (Valcárcel et al.
1990). From our point of view, desisting in the
systematic vaccination strategy might result in hy-
perendemic behavior or epidemic reemergence of
disease.

After VA-MENGOC-BC vaccination in 1988,
the meningococcal B morbidity started to decrease
substantially throughout the whole country in chil-
dren under 1 and 1 year old in which IMD is fre-
quently high. The greater incidence of disease be-
tween 6 months and 2 years old is probably due to
catabolism of maternal antibodies in a unexperi-
enced immunological organism (González et al.
1990, Martínez et al. 1990, Martínez 1994). More-
over in children under 2 years old antibodies may
decrease three years after vaccination, and the same
effect may occur in acquired disease (González et
al. 1990). Studies carried out in Africa have docu-
mented that the decline of antibodies started three
weeks after vaccination and a booster was not ef-
fective (Goldschneider et al. 1969, Kaythy et al.
1980, Lepow et al. 1986).  According to Comstock
(1994)  the design of some studies on the effect of

vaccination could be considered to wane with time
and the immune vaccinates could subsequently
become susceptible vaccinates.

The nationwide occurrence of IMD was greater
among nonvaccinated populations and the absence
of outbreaks in the vaccinal period is also
notworthy; both facts emphasized the protective
effect of mass vaccination when continued by a
systematic and accesible NIP.

We conclude that the above findings largely
support the hypothesis of antimeningococcal B
vaccination as the only difference between the  two
analized periods evidenced by epidemiological
analysis of reliable data and supported by statisti-
cal tools.
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