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Occurrence of Hi since the introduction of a conjugate vaccine
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Abstract

Few vaccines in history have induced such a dramatic decline in
incidence over such a short period of time as the Haemophilus
influenzae type b (Hib) conjugate. This vaccine was introduced in
1988 in the United States, but only in 1999 was Hib immunization
introduced by the Brazilian Ministry of Health as part of the routine
infant National Immunization Program. The authors analyzed 229 H.
influenzae (Hi) isolates from Public Health Laboratories in three
Brazilian states: Pernambuco (Northeast, N = 54), Santa Catarina
(South, N = 19), and Rio de Janeiro (Southeast, N = 156). The isolates
were collected from Brazilian children 0-10 years of age with menin-
gitis and other infections from 1990 to 2003 and were part of the
research collection of the National Institute of Quality Control in
Health, FIOCRUZ. Bacterial strains were characterized by serotyping
and biotyping. During the pre-vaccination period the prevalence
infection due to Hib was of 165 isolates and only 2 non-b Hi among all
the notified meningitis infections caused by Hi. Our results showed a
significant decrease in the prevalence of Hib meningitis from 165 to
33 isolates after 1999. However, during the post-vaccination period of
2001-2003 we observed an increase in the number of non-b Hi
isolates: only 2 non-b strains isolated from 1990 to 1999 and 29 from
1999 to 2003. Based on the present data, the authors emphasize the
need for more sensitive epidemiological and bacteriological studies
aiming the improvement of the available Hib vaccine, in order to
protect the susceptible population to infections due to other serologi-
cal types of Hi and the reevaluation of immunization schedules used
by the National Immunization Program.
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In Brazil, during the pre-vaccination pe-
riod from 1990 to 1999, the coefficient of
incidence (annual mean) of Haemophilus
influenzae type b (Hib) meningitis in chil-
dren up to 1 year and up to 4 years of age was

22.3 and 8.8 cases per 100,000 inhabitants,
respectively (CENEPI, FUNASA, Brazilian
Ministry of Health). The lethality rates in
these age groups were 19.9 and 17.1%, re-
spectively. In August 1999, the Hib conju-
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gate vaccine was introduced by the Brazilian
Ministry of Health as part of the routine
infant National Immunization Program. Chil-
dren aged <1 year were scheduled to receive
3 vaccine doses given at 2-month intervals.
The vaccination schedule followed in Brazil
does not include the booster dose after 12
months. Children aged 12-23 months were
scheduled to receive a single vaccine dose.
Data from the Brazilian National Health
Foundation/National Immunization Program
(FUNASA/PNI/Ministry of Health) show that
in 2002 and 2003, 92.91 and 95.99% of
eligible children received the vaccine, re-
spectively (1). Before the advent of Hib
vaccination, pediatric invasive H. influenzae
(Hi) disease was caused almost exclusively
by Hib isolates. After the implementation of
vaccination, serotype b disease decreased,
and it has been predicted that after the eradi-
cation of Hib, other Haemophilus serotypes
and non-typeable strains could become rela-
tively more important (2,3).

The current study was based on a collec-
tion of 229 Hi strains isolated from Brazilian
children from 1990 to 2003. We analyzed Hi
strains (198 serotype b and 31 non-b strains)
isolated from pediatric patients with menin-
gitis (N = 189), septicemia (N = 3) and
bronchial secretion (N = 37). Clinical iso-
lates were part of the research collection of
the National Institute for Quality Control in
Health (INCQS) at the Oswaldo Cruz Foun-
dation (FIOCRUZ), Rio de Janeiro, RJ, Bra-
zil. The Institute has monitored the evolution
of phenotypic and genotypic characteristics
of Hi strains before and after the introduc-
tion of the Hib vaccine by the National Im-
munization Program. The Institute receives
clinical isolates from different regions of
Brazil, mainly from the Regional Public
Health Laboratories of Pernambuco (North-
east, N = 54) and Santa Catarina (South, N =
19) and from two other Public Health Labo-
ratories in Rio de Janeiro (Southeast, N =
156), Fernandes Figueira Institute, FIOCRUZ
(N = 46) and São Sebastião State Institute of

Infectology, State Secretary of Health (N =
110). Reference strains of Hi serotypes a to f
were obtained from the Reference Culture
Collection of the INCQS/FIOCRUZ. All ref-
erence strains were originally from the Ameri-
can Type Culture Collection (USA).

H. influenzae isolates were confirmed by
Gram staining, recognition of typical mor-
phology after growing for 24 h in 5% CO2 on
chocolate agar consisting of Mueller Hinton
agar base (Difco Laboratories, Detroit, MI,
USA) enriched with 10% defibrinated horse
blood and 1% IsoVitaleX. The biotyping
analysis scheme used was based on the pro-
duction of indole, ornithine decarboxylase,
and urease. Serotypes of Hi strains were
identified by reaction with monovalent anti-
sera (Difco) against the capsular antigens a,
b, c, d, e, and f. Non-typeable Hi strains were
determined by lack of agglutination against
any of the above-mentioned antisera (4,5).
Strains were stored at -70ºC in supplemented
brain heart infusion broth containing 20%
glycerol.

The frequency of serotypes and source of
isolates are shown in Table 1. We note that
165 of 167 strains maintained in our collec-
tion from the pre-vaccination period (1990-
1999) are serotype b and only two are non-b
strains (type a). These strains were isolated
from children with meningitis aged one month
to 10 years. Of these, 94% (N = 157) were
from children under 5 years of age following
the introduction of Hib conjugate vaccine in
Brazil (1999). Thus, our findings show an
expected and rapid reduction in the number
of invasive Hib infections (from 165 to 33),
but other Hi serotypes and non-typeable
strains showed increased isolation rates com-
pared to the pre-vaccination period (Table
1). Based on data from the Brazilian Na-
tional Health Foundation (FUNASA/Minis-
try of Health), following the introduction of
Hib conjugate vaccine, the incidence of Hib
meningitis in Brazil decreased by 83% in 2
years, from 1368 cases in 1999 to 234 cases
in 2001 (1).
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During the period from 2001 to 2003, we
observed the appearance of other serotypes
(non-b Hi) as well as an upward trend in both
type b and non-typeable Hi. In Brazil no
epidemiological pattern has been determined
for the country as a whole, suggesting differ-
ences in the quality of meningitis surveil-
lance programs in each Brazilian geographic
area (6). The Hib strains causing invasive
disease during this period may be represen-
tative of the pool of strains circulating among
carriers, or they may have been a subset of
these carrier strains. It is also possible that
the invasive strains were introduced from an
unrecognized source. It is therefore of inter-
est to determine differences between inva-
sive and carrier Hib strains. Invasive Hi dis-
ease is now associated primarily with non-
typeable Hi or with Hi of capsule types a, c,
d, e, and especially f (4). An adequate epide-
miological surveillance system would be
helpful to evaluate the role of these non-b Hi
and non-typeable Hi strains as significant
pathogens showing an increase in isolation
rates.

It is important to determine the potential
pathogenicity of Hi strains by encouraging
the use of molecular typing methods for
molecular epidemiology studies based on
geographic origin and isolation periods. It is
also important to investigate associations
between the types/biotypes and clinical mani-
festations and age groups during the post-
vaccination versus the pre-vaccination pe-
riod. We call attention to the fact that severe
forms of disease are still present during the
post-vaccination period. Table 1 shows that,
despite the drastic decrease of reported cases
between the pre-vaccination (1990-1999) and
post-vaccination (2001-2003) periods, 22 out
of 25 strains isolated from meningitis and
septicemia were type b, 1 was type a, 1 type
c, and 1 type d. There are few publications
about Brazilian Hib strains, and one of the
latest studies examining strains isolated in
the Northeast region of Brazil showed an
increase in type a isolates after vaccination

against Hib (7,8).
Recent studies show an increase of non-

b Hi isolates, suggesting possible serotype
replacement, a potential concern for public
health surveillance, since so far there are no
vaccines available against serotypes a, c, d,
e, and f (4,5,9). Other studies show the re-
emergence of Hib strains among vaccinated
patients in different countries, despite the
different vaccination strategies used in their
respective Immunization Programs (10,11).
Some reports have described increased rates
of non-b Hi invasive disease in regions where
Hib conjugate vaccines have been used
(12,13) and outbreaks of Hib disease have
been reported (14). Results reported by the
Centers for Disease Control show that be-
cause Hib vaccines protect against type b
and not against other Hi strains, serotyping
of all Hi isolates from patients with invasive
disease is necessary to monitor the effective-
ness of the vaccination program and the
national progress towards Hib elimination.
Serotype information is needed to measure
the sensitivity of the surveillance system and
to detect the emergence of invasive disease
from non-type b Hi strains (15).

Biotyping of Hi isolates can be used for
epidemiological research purposes, but it is
of minor value for patients. Likewise, bio-
types I and II were the most prevalent among
invasive strains. Biotype I, serotype b, for
instance, is often associated with severe

Table 1. Frequency distribution of source of isolates and serotypes of 229 Haemophi-
lus influenzae strains isolated from 1990 to 2003.

Year of isolation Source Serotypes

CFS B BS a b c d e f NT

1990-1999 167 0 0 2 165 0 0 0 0 0
2001 3 0 0 0 3 0 0 0 0 0
2002 9 2 16 0 14 0 1 1 1 10
2003 10 1 21 3 16 3 2 0 0 8
Total 189 3 37 5 198 3 3 1 1 18

82.5% 1.3% 16.2% 2.2% 86.5% 1.3% 1.3% 0.4% 0.4% 7.9%

CFS = cerebrospinal fluid; B = blood; BS = bronchial secretion; NT = non-typeable.



780

Braz J Med Biol Res 38(5) 2005

A.E.C.C. de Almeida et al.

meningitis in children (4,16). Worthy of note
is the finding that in 1990-1999 the higher
prevalence was of biotypes I and II. After the
introduction of the conjugate vaccine (1999),
a higher variability of biotypes was observed
among Hi isolates, including biotypes III, IV
and VIII (Table 2). The higher variability of
biotypes and the various clinical manifesta-
tions caused by non-b Hi and non-typeable
strains may reflect an apparent relationship
between biotype and site of infection which
should be evaluated by further epidemio-
logical studies (17).

These considerations emphasize the need
for close clinical, epidemiological, and labo-
ratory surveillance using sensitive methods
for determining the genetic patterns of circu-

lating strains and their temporal evolution.
The continued monitoring of all invasive
infections caused by Hi in Brazil is impera-
tive in order to provide accurate epidemio-
logical data that will permit more effective
measures in immunization campaigns. It is
also important to reevaluate the current im-
munization schedules or even to identify
modifications in the conjugate Hib vaccine
currently in use in order to also protect against
invasive disease caused by H. influenzae
strains of any serotype, as well as non-type-
able Hi strains.
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Table 2. Frequency distribution of biotypes of 165 Haemophilus influenzae strains
isolated from 1990 to 2003.

Year of isolation Biotypes

I II III IV V VI VII VIII

1990-1999 47 26 3 5 4 9 3 6
2001 1 1 0 1 0 0 0 0
2002 14 7 0 0 3 2 1 0
2003 10 9 5 3 0 0 1 4
Total 72 43 8 9 7 11 5 10

43.6% 26.1% 4.9% 5.5% 4.2% 6.7% 3.0% 6.0%
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