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bstract

The long-term impact of Haemophilus influenzae type b (Hib) conjugate vaccine, introduced throughout Latin America in the late 1990s,
as not been evaluated. Active surveillance for H. influenzae meningitis was performed from August 9, 1996 to August 8, 2004 in Metropolitan
alvador, Brazil. Five years after the introduction of Hib conjugate vaccine, Hib meningitis incidence decreased from 2.39 to 0.06 cases per
00,000 population (98%) overall, and from 60.9 to 3.1 cases per 100,000 population (95%) in children <1 year of age. A transient serotype

eplacement phenomenon was observed associated with a small increase of meningitis due to two H. influenzae type a clonal groups. These
ndings indicate that Hib immunization campaign has led to the virtual elimination of Hib disease in this region.
2007 Elsevier Ltd. All rights reserved.
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. Introduction

Introduction of Haemophilus influenzae type b (Hib)
olysaccharide-protein conjugate vaccines have dramatically
educed the burden of Hib invasive disease in the last 20 years
1–3]. Clinical trials demonstrated that conjugate vaccines
ave an efficacy of 90–100% in preventing Hib invasive dis-

ase [4,5]. Furthermore, the vaccine has been highly effective,
ven in populations where coverage is not complete, due to
ts ability to reduce nasopharyngeal colonization in immu-
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swaldo Cruz, Ministério da Saúde, Rua Waldemar Falcão, 121, Salvador,
ahia 40296-710, Brazil. Tel.: +55 71 3176 2302; fax: +55 71 3176 2281.

E-mail address: aik2001@med.cornell.edu (A.I. Ko).

e
[
f
H
y
a
g
i

264-410X/$ – see front matter © 2007 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2007.03.024
ized individuals [6,7] and induce herd immunity [8,9]. In
he United States (US) and most industrialized countries, Hib
nvasive disease has been virtually eliminated [1–3]. Whereas
ore than 10,000 cases of Hib invasive disease were reported

nnually in the US prior to introduction of conjugate vaccines,
ess than 100 cases are now reported each year [1].

The priority for Hib invasive disease is to extend the ben-
fits afforded by conjugate vaccines to developing countries
2]. Worldwide, in 2003, 61% of children in target age groups
or immunization did not receive the conjugate vaccine [10].
ib diseases remain the cause of an estimated 386,000 deaths

early [11]. However, major progress has been made in South
nd Central Americas and the Caribbean where Hib conju-
ate vaccines were introduced in the late 1990s and are used
n all but four countries [12]. Although several studies have
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eported the effectiveness of Hib immunization campaigns
13–21], the long-term impact of these programs has not been
valuated in the region.

In Salvador, a city in Northeast Brazil, the Hib immuniza-
ion program caused a 69% decrease in the Hib meningitis
ate 1 year after its initiation in 1999 [21]. Moreover, we
ound that a serotype replacement phenomenon had occurred
uring the same period which led to a small but significant
ncrease in the H. influenzae type a meningitis rate [21].
opulation-based evidence for serotype replacement had not
een reported in other settings in association with the use of
ib conjugate vaccines and may be a transient phenomenon
ependent on the presence of circulating virulent non-type b
lones. Here, we report findings from active surveillance in
alvador, Brazil conducted to evaluate the impact of the Hib

mmunization program 5 years after its initiation and deter-
ine whether the serotype replacement phenomenon initially

escribed continued to persist.

. Materials and methods

.1. Surveillance

Active surveillance for H. influenzae meningitis was
erformed during the 8-year period from August 9, 1996
o August 8, 2004 in Metropolitan Salvador (population,
,543,651 inhabitants [22], which includes Salvador, the third
argest city in Brazil, and 29 municipalities within a radius of
5 km. Patients were identified at the state infectious disease
ospital where according to the state health secretary pro-
edures, all suspected cases of meningitis for the region are
eferred for diagnostic procedures, including routine lum-
ar puncture and cerebrospinal fluid examination, and to
mplement isolation precaution protocols. A study team of
hysicians and medical students reviewed laboratory records
days a week to identify new culture isolations. A case was
efined as a patient who had: (1) a clinical presentation of
eningitis, characterized by fever, meningismus, and altered
ental status; (2) an abnormal cerebrospinal fluid exami-

ation; and (3) positive cerebrospinal fluid or blood culture
or H. influenzae. Reporting of H. influenzae meningitis is
andatory and is performed by the epidemiological surveil-

ance staff at the study hospital. The study team reviewed
ase reports at the state health secretary and determined that
ases identified at the surveillance hospital represent 98% of
he cases notified from Metropolitan Salvador between 1996
nd 2004 [23]. Patients were enrolled in the study according
o informed consent procedures approved by the Institutional
eview Boards of the Oswaldo Cruz Foundation, Brazilian
inistry of Health and the New York-Presbyterian Hospital.
.2. Hib immunization program

Hib conjugate vaccine was introduced as part of routine
hildhood immunization on August 9, 1999. Children <12

2

C
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onths of age received a three-dose immunization schedule,
erformed at 2nd, 4th and 6th months of age. H. influenzae
ype b polyribosylribitol phosphate conjugated to tetanus tox-
id protein (PRP-T) was used as the vaccine in all surveillance
ears except for the 1st year when the Hib polysaccharide
onjugated to modified diphtheria toxoid CRM197 protein
HbOC) was used. The Hib conjugate vaccine was admin-
stered at the same time as the diphtheria-tetanus-whole cell
ertussis (DTP) vaccine. In Metropolitan Salvador, 82, 77, 69,
6 and 82% of the target population completed a three-dose
chedule in 2000, 2001, 2002, 2003 and 2004, respectively
24]. During the 1st and 2nd year of the Hib immunization
ampaign, children with 12–23 months of age received a
ingle dose of the vaccine. The coverage for the catch up
mmunization program was 37 and 24% in this age group in
999 and 2000, respectively [24].

.3. Data collection

A standardized data entry form was used to extract infor-
ation on demographic, clinical presentation and outcome

haracteristics from the patient’s medical record. Neurolog-
cal examinations and assessment of sequelae are routinely
erformed by physicians for patients with bacterial menin-
itis during hospitalization. Mothers of the patients were
nterviewed and immunization cards were reviewed to obtain
nformation on the timing and number of Hib conjugate vac-
ine doses administered prior to hospitalisation.

.4. Laboratory investigation

H. influenzae was identified based on Gram stain mor-
hology and growth requirement for hemin and nicotinamide
denine dinucleotide. Prior to 1999, isolates were indepen-
ently serotyped at two research laboratories in Brazil. The
lide agglutination method was used to determine serotype
ith a complete panel of type a to f-specific antisera (Difco
aboratories) and a saline control. A semi-nested polymerase
hain reaction (PCR) method that amplifies serotype-specific
nd non-specific DNA sequences from the H. influenzae
apsular loci [25] was used to confirm the serotype status
or non-type b isolates and those with discordant serotype
esults. Beginning in 1999, isolates were routinely typed
ith serologic and PCR-based methods. Isolates were defined

s non-capsulated if agglutination was not observed with
he six type-specific antisera and if capsular loci sequences
onserved among serotypes were not amplified in the PCR
ssay [25]. Pulsed-field gel electrophoresis (PFGE) was
erformed with SmaI-digested DNA of H. influenzae type
strains obtained during surveillance [21]. Identical and

losely related PFGE typing patterns were defined according
o the criteria of Tenover et al. [26].
.5. Statistical analysis

Epi-Info Version 6.04 software (Centers for Disease
ontrol and Prevention, US) was used for data entry and
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tatistical analysis. Incidence was calculated based on the
umber of cases from Metropolitan Salvador and popu-
ation counts from the 2000 national census [22]. The
ncidence for culture-positive Neisseria meningitidis and
treptococcus pneumoniae meningitis was determined to
valuate changes in overall case ascertainment which may
ave occurred during the 8-year surveillance period. Pre
nd post-vaccine periods were defined as the 3-year inter-
al between August 9, 1996 and August 8, 1999 and the
-year interval between August 9, 1999 and August 8, 2004,
espectively. The percent of change in the H. influenzae
ncidence and 95% confidence intervals were calculated
or each of the post-vaccine years in comparison with the
ean incidence during the pre-vaccine period to evalu-

te the effectiveness of the Hib immunization program.
ases were defined as eligible to receive the Hib conju-
ate vaccine if they were born after August 9, 1997. The
umber of vaccine doses received was determined based on
mmunizations that were administered more than 1 month
rior to hospitalization with H. influenzae meningitis. The
ssociation between Hib conjugate vaccine use and acqui-
ition of H. influenzae type a strains was evaluated by
omparing the proportions of prior vaccine use among H.
nfluenzae type a and non-type a cases identified during

he post-vaccine period. The chi-square test or Fisher’s
xact test was performed to compare proportions. Differ-
nces were defined to be significant if the two-tailed P-value
as <0.05.

p
r
h
f

ig. 1. Distribution of H. influenzae meningitis cases (N = 483) identified in Salv
ospitalization and isolate serotype. Hib meningitis cases are represented as cross-
ype e (open box), and non-capsulated (horizontal hatched box) meningitis cases a
ampaign was initiated in August 1999.
5 (2007) 4420–4428

. Results

.1. Surveillance

During the 8-year period between August 9, 1996 and
ugust 8, 2004, active surveillance identified 522 H. influen-

ae meningitis cases. Among the identified cases, 356
68.2%) were residents of Metropolitan Salvador, a region
hich has a primarily urban-based population and accord-

ng to the national census in 2000, had 128,576 and 191,423
hildren less than 2 years and 2–4 years, respectively, of age.
he majority of the H. influenzae meningitis cases were chil-
ren less than 2 (321 cases, 61.5%) and 2–4 years (148 cases,
8.4%) of age. A higher proportion of cases were males than
emales (56.9% versus 43.1%, respectively). Among the 483
92.5% of 522) cases for whom an isolate was stored and
vailable for serotyping, 458 (94.8%), 19 (3.9%), 3 (0.6%),
nd 3 (0.6%) had H. influenzae type b, type a, type e and
on-capsulated isolates, respectively (Fig. 1).

.2. Clinical outcome

Overall case fatality was 15.9% (83 of 522). There was no
tatistically significant difference between case fatality in the

re-vaccine and post-vaccine period (14.8% versus 19.5%,
espectively, P > 0.05). Among survivors, 112 (25.5% of 439)
ad neurological sequelae on hospital discharge. The most
requent types of sequelae encountered were ataxia (50 cases,

ador, Brazil between August 1996 and July 2004, according to month of
hatched boxes above the horizontal axis. H. influenzae type a (black box),
re represented as boxes below the horizontal axis. The Hib immunization
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Table 1
Incidence of Haemophilus influenzae type b (Hib) meningitis before and after introduction of the Hib immunization program in Salvador, Brazil

Age group Surveillance yeara

Pre-vaccine period Post-vaccine period

1 2 3 4 5 6 7 8

Cases per 100,000 population (No. of casesb)
Total 2.18 (77) 2.65 (94) 2.34 (83)c 0.85 (30) 0.42 (15) 0.31 (11) 0.14 (5) 0.06 (2)

<5 years 23.44 (75) 28.44 (91) 24.38 (78) 8.44 (27) 3.44 (11) 2.19 (7) 1.56 (5) 0.63 (2)
<1 year 60.92 (39) 62.49 (40) 59.36 (38) 18.75 (12) 7.81 (5) 6.25 (4) 4.69 (3) 3.12 (2)
1 year 30.98 (20) 43.37 (28) 30.98 (20) 6.20 (4) 1.55 (1) 0.00 (0) 1.55 (1) 0.00 (0)
2 years 17.10 (11) 21.76 (14) 15.54 (10) 7.77 (5) 1.55 (1) 1.55 (1) 0.00 (0) 0.00 (0)
3–4 years 3.93 (5) 7.08 (9) 7.87 (10) 4.72 (6) 3.15 (4) 1.57 (2) 0.79 (1) 0.00 (0)

5–9 years 0.63 (2) 0.94 (3) 1.26 (4) 0.94 (3) 1.26 (4) 1.26 (4) 0.00 (0) 0.00 (0)
a Each surveillance year corresponds to the period between August 9th and August 8th. Surveillance years 1–3 (1996–1999) and 4–8 (1999–2004) are the

periods prior to and after, respectively, the introduction of Hib conjugate vaccines in the national childhood immunization program.
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b A total of 317 Hib meningitis cases were identified in Metropolitan Salv
c The total does not match with the sum because there was one patient old

1.4%), auditory deficit (21, 4.8%), motor deficit (20, 4.6%)
nd hydrocephalus (19, 4.3%).

.3. Population-based analyses

Of the 483 cases with serotype information, 331 (68.5%)
ere residents of Metropolitan Salvador. Hib was the cause
f meningitis in 317 (95.8%) of the 331 cases. Annual inci-
ence of Hib meningitis during the 3-year pre-vaccine period
anged from 2.18 to 2.65 cases per 100,000 population (mean
ncidence, 2.39 cases per 100,000 population) (Table 1). Chil-

ren <1 year of age were the age group with the highest risk
or Hib meningitis (mean incidence, 60.92 cases per 100,000
opulation) (Table 1 and Fig. 2A). Mean incidences of Hib
eningitis among children <2 and <5 years was 48.01 and

i
F
t
c

ig. 2. Incidence of bacterial meningitis in children from Salvador, Brazil for the
eningitis in children <1 year (closed lozenge), 1 year (open square), 2 years (c
ib (closed lozenge), Streptococcus pneumoniae (open square) and Neisseria men

mmunization campaign was initiated in August 1999.
ring the 8-year surveillance period.
9 years of age.

5.42 cases per 100,000 population, respectively, during the
re-vaccine period.

Hib meningitis rates decreased sharply in the <2 years age
roups in the first years of the Hib immunization campaign
Table 1 and Fig. 2A). In children <1 year of age, Hib menin-
itis incidence decreased by 69.2 and 94.9%, respectively,
and 5 years after introduction of the Hib conjugate vac-

ines (Table 2). Although children 2–4 years of age were not
accinated during the 1st year (surveillance year 4) of the
ib immunization program, a reduction of 57.1 and 25.0%
as observed in the Hib meningitis incidence for children
n the 2 and 3–4 year age groups, respectively (Table 2 and
ig. 2A). All children with <5 years of age were eligible

o have received Hib immunization by the 5th year of Hib
ampaign (surveillance year 8). Hib meningitis incidence

8-year period between August 1996 and July 2004. (A) Incidence of Hib
losed triangle), and 3 and 4 years (open circle) of age. (B) Incidence of
ingitidis (open triangle) meningitis in children <5 years of age. The Hib
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Table 2
Reduction in the Haemophilus influenzae type b (Hib) meningitis incidence after the introduction of Hib immunization in Salvador, Brazil

Age group Surveillance yeara

4 5 6 7 8

% Reduction [95% CI]b

Total 64.6 [48.4–75.7] 82.3 [70.3–89.4] 87.0 [76.4–92.8] 94.1 [86.1–97.5] 97.6 [91.3–99.4]

<5 years 66.8 [50.7–77.6] 86.5 [75.5–92.5] 91.4 [82.1–95.9] 93.9 [85.5–97.4] 97.5 [91.0–99.3]
<1 year 69.2 [44.7–82.9] 87.2 [69.5–94.6] 89.7 [73.2–96.1] 92.3 [77.1–97.4] 94.9 [81.1–98.6]
1 year 82.4 [53.5–93.3] 95.6 [74.8–99.2] 100.0 [NA] 95.6 [74.8–99.2] 100.0 [NA]
2 years 57.1 [−6.0–82.7] 91.4 [50.5–98.5] 91.4 [50.5–98.5] 100.0 [NA] 100.0 [NA]
3–4 years 25.0 [−78.5–68.5] 50.0 [−37.9–81.9] 75.0 [4.5–93.5] 87.5 [27.1–97.9] 100.0 [NA]

5–9 years 0.0 [−241.4–70.7] −25.0 [−129.5–75.5] −25.0 [−129.5–75.5] 100.0 [NA] 100.0 [NA]

Note: NA, not applicable.
a The 5 surveillance years (4–8) corresponds to the period between August 9, 1999 and August 8, 2004.
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b Percent reduction and 95% confidence intervals were calculated by comp
, 1996 to August 8, 1999) with the incidence of each of the post-vaccine su

n this age group was 0.63 cases per 100,000 population in
urveillance year 8 (Table 1), which corresponded to a 97.5%
eduction from the mean incidence during the pre-vaccine
eriod (Table 2 and Fig. 2B).

During the 3-year pre-vaccine period, 244 (57.5%), 85
20.0%), 71 (16.7%) and 24 (5.7%) of the 424 bacterial
eningitis cases among children <5 years of age were caused

y H. influenzae type b, S. pneumoniae, N. meningitidis
nd other bacterial agents, respectively. In the 4th and 5th
ears after introduction of the Hib conjugate vaccine (surveil-
ance years 7 and 8), 7 (10.6%%), 32 (48.5%), 9 (13.6%)
nd 18 (27.3%) of the 66 cases of bacterial meningitis in
hildren <5 years of age were caused by H. influenzae
ype b, S. pneumoniae, N. meningitidis and other bacte-
ial agents, respectively. There was a gradual decline (χ2

est for trend, P < 0.05) in the incidence of pneumococ-
al meningitis in children <5 years of age from 9.38 to
.69 cases per 100,000 population between the 1st and 8th
urveillance years (Fig. 2B). The incidence of meningococ-
al meningitis between the 1st and 6th surveillance years
anged from 6.88 to 7.81 cases per 100,000 population and
hen decreased sharply to 1.56 and 1.25 cases per 100,000
opulation in the 7th and 8th surveillance years, respectively
Fig. 2B).

.4. Hib meningitis in the Hib conjugate vaccine period

During the post-vaccine period, 55 Hib meningitis cases
ere eligible to receive a dose of Hib immunization prior

o developing meningitis. Of these, 24% (13 of 55) cases
ere <6 months of age at the time of their hospitalization.
mong the 29 (53% of 55) cases for whom information on

mmunization status was available, 14 (48%) and 11 (38%)
eceived none or one conjugate vaccine dose, respectively,

rior to hospitalization. A single (3.4% of 29) case of Hib
eningitis occurred during the 5-year post-vaccine period

mong children who completed a three-dose schedule of Hib
mmunization.

3
b
j

e mean annual incidence of the pre-vaccine surveillance years 1–3 (August
ce years (4–8).

.5. Non-type b H. influenzae meningitis

Surveillance identified 25 cases of H. influenzae non-type
meningitis during the 8-year period (Fig. 1). H. influenzae

ype a meningitis accounted for 19 (76%) cases of which 4 and
5 were identified in the pre and post-vaccine period, respec-
ively (Fig. 1). Geographical clustering was not observed
mong H. influenzae type a cases during the post-vaccine
eriod. The incidence of H. influenzae type a meningitis
n Metropolitan Salvador increased from 0.01 to 0.14 cases
er 100,000 population in the 1st year after introduction of
he Hib conjugate vaccine (P < 0.01). The largest increase,
lbeit not significant (0.00–1.56 cases per 100,000 popula-
ion, P = 0.06), occurred in children <2 years of age. However,
he increase in H. influenzae type a meningitis found in the 1st
ear after introduction of the Hib conjugate vaccine was not
bserved in the following 4 surveillance years, during which
ncidences were between 0.00 and 0.03 cases per 100,000
opulation.

PFGE analysis showed that the 19 type a strains were
istributed among two different typing patterns, A and B,
hich contained 6 (32%) and 13 (68%) strains, respec-

ively. The strains within each group were closely related
≤3 PFGE band difference). PFGE type A and B strains
ere isolated from cases identified prior to (A, 2 cases;
, 2 cases) and after (A, 4 cases; B, 11 cases) initiation
f the Hib immunization campaign. Strains isolated from
he 7 H. influenzae type a meningitis cases identified in the
nd to 5th surveillance years in the post-vaccine period had
he same PFGE types (A, 2 strains; B, 5 strains) as strains
solated in the 1st year following introduction of the Hib
onjugate vaccine (A, 2 strains; B, 6 strains), the period
hen a significant increase in H. influenzae type a rates was

dentified.

A history for Hib immunization status was obtained from

9 (56%) of the 70 H. influenzae meningitis cases that
elonged to a birth cohort that was eligible to receive the con-
ugate vaccine. Acquisition of H. influenzae type a strains was



ccine 2

s
t
m
w
t
8
h
n
e
d

4

a
b
r
[
i
t
c
l
t

c
a
W
3
t
F
r
s
S
d
i
c
i
c

c
I
H
s
c
a
t
t
w
t
t
3
f
d
r
b

p
a
c
o
n
t
i
h
w
b
c
t
e
t
c
i
t
a
a
p
d
m
p
o
s
l

c
m
i
[
o
i
b
m
[
t
r
f
s
n
w
c
(
b
f
H
t
s
j
m

G.S. Ribeiro et al. / Va

ignificantly associated (P < 0.01) with a history of receiving
wo or more doses of conjugate vaccine prior to developing

eningitis. Among H. influenzae type a meningitis cases that
ere identified during the post-vaccine period and belonged

o a birth cohort eligible for Hib immunization, 88% (7 of
) received two or three Hib conjugate vaccine doses prior to
ospitalization. In contrast, 16% (5 of 31) of the H. influenzae
on-type a meningitis cases that belonged to a birth cohort
ligible for Hib immunization received two or more vaccine
oses.

. Discussion

Introduction of Hib conjugate vaccines throughout South
nd Central America and the Caribbean in the late 1990s has
een a major public health achievement. Several studies have
eported the significant short-term impact of this initiative
13–21]. The findings of this study from a major Brazil-
an metropolitan center provides population-based evidence
hat incorporation of Hib conjugate vaccines in the national
hildhood immunization program has produced sustained
ong-term benefit in reducing Hib disease burden, leading
owards virtual elimination of this problem for the region.

Five years after initiation of the Hib conjugate vaccine
ampaign, the Hib meningitis incidence declined by 98%
mong children <5 years of age in Metropolitan Salvador.
e estimate that the use of Hib conjugate vaccines prevented

60 cases of meningitis and 58 deaths in this metropoli-
an center of 3.5 million inhabitants during the period.
urthermore, conjugate vaccines prevented the severe neu-
ological sequelae encountered in more than 25% of the
urvivors of Hib meningitis during the pre-vaccine period.
ince active surveillance was performed for meningitis and
id not include other invasive diseases associated with H.
nfluenzae, the overall benefit of the Hib conjugate vaccine
ampaign is underestimated. Of note, the Hib meningitis
ncidence decreased by 82% within the first 2 years of the
ampaign.

Overall vaccine coverage among the target population of
hildren <1 years of age was 77–82% during this period.
ncomplete coverage includes infants who did not receive any
ib immunization, possibly due to lack of access to health

ervices, and those who received a vaccine dose but did not
omplete the three dose regimen. Information is not avail-
ble to evaluate the contribution of each of these groups to
he incomplete coverage in the study region. Nevertheless,
he ability of the conjugate vaccine to confer herd immunity
as presumably a factor in the rapid decline in incidence. In

he first year of the campaign, the incidence of Hib meningi-
is decreased by 57.1 and 25% among children in the 2 and
–4 year of age groups, respectively, which were not targeted

or immunization. The sharp decline in Hib meningitis inci-
ence may have also been attributable, as observed in other
egions [27–29], to the use of a single catch-up dose in infants
etween 12 and 23 months in the first 2 years of the campaign.
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Active surveillance was performed during an 8-year
eriod, in which changes in case ascertainment could have
ffected the accuracy of the estimate of Hib conjugate vac-
ine effectiveness. State and local protocols for the referral
f suspected meningitis cases to the surveillance hospital did
ot change during the study period. Review of case notifica-
ion records did not identify a shift of cases to other hospitals
n the region [23]. Antibiotic use prior to hospitalization may
ave led to reduced culture isolation rates among patients
ith Hib meningitis and underestimation of the Hib disease
urden during the surveillance period. We did not detect a
hange in the proportion of cases with culture-negative bac-
erial meningitis in surveys performed at the beginning and
nd of the surveillance period, which could have arisen due
o changes in culture isolation procedures or use of antimi-
robial agents prior to hospitalization. A decrease in the
ncidence for meningococcal and pneumococcal meningi-
is was observed among children with less than 5 years of
ge in the absence of any specific preventive intervention
gainst these diseases. However, rates of meningococcal and
neumococcal meningitis did not follow a similar pattern of
ecrease; neither did they follow the pattern observed for Hib
eningitis. Furthermore, the decrease in meningococcal and

neumococcal meningitis rates appears to be a phenomenon
bserved throughout Brazil since case notification data has
hown a similar, albeit unexplained, trend, at the national
evel [30,31].

This study found that routine immunization with Hib
onjugate vaccines produced a sustained reduction in Hib
eningitis disease burden throughout the 5-year period after

ts introduction. In United Kingdom [32] and Netherlands
33], an increase in Hib invasive diseases incidence was
bserved 7 and 9 years, respectively, after initiation of Hib
mmunization. Possible explanations for this increase have
een proposed and relate to the decline in immunological
emory due to an early and accelerated vaccine schedule

32,34], administration of Hib conjugate vaccine in combina-
ion with the acellular pertussis (DTaP) vaccine [32,35], and
eduction in natural boosting due to low levels of carriage
ollowing vaccine introduction [36]. In Brazil, a three-dose
chedule of Hib conjugate vaccine is administered in combi-
ation with the whole cell pertussis vaccine (DTwP). There
as no increase in Hib meningitis rates identified among birth

ohorts who were eligible to receive the conjugate vaccine
Table 1), including the initial cohort of children who were
orn in the 1st year after introduction of the vaccine and
ollowed for a 5-year period. A single documented case of
ib meningitis was identified among children who completed

he three-dose schedule. The study findings do not at present
uggest problems with the long-term effectiveness of the con-
ugate vaccine and immunization schedule used in Brazil and

ost countries in Latin America. However, the follow-up

eriod has not been sufficient and will require several more
ears of surveillance to adequately address this issue.

Our prior study in Salvador, Brazil found that a serotype
eplacement phenomenon occurred after initiation of the
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ib conjugate vaccine campaign. Identification of this phe-
omenon was based on the following evidence: (1) a small
ut significant increase in the H. influenzae type a menin-
itis incidence occurred during the 1-year period following
he initiation of the Hib conjugate vaccine campaign; (2)
ases of H. influenzae type a meningitis were due to two
lonal groups that were circulating prior to the introduction
f the Hib conjugate vaccine; and (3) prior immuniza-
ion with two or more vaccine doses was associated with
ncreased risk for H. influenzae type a meningitis and there-
ore appeared to provide a positive selective pressure for type
strains [21]. In this investigation, surveillance performed

ver an extended 5-year period found a similar association
etween prior immunization with the Hib conjugate vaccine
nd the risk for acquiring H. influenzae type a meningitis.
owever, increased rates of H. influenzae type a meningi-

is occurred only in the first year after introduction of the
onjugate vaccine and were not observed in the following 4-
ear surveillance period, indicating that serotype replacement
as a transient phenomenon. Transmission of H. influen-

ae type a meningitis was due to circulation of two clonal
roups throughout the post-vaccine period. The decrease in
. influenzae type a meningitis rates after the 1st year follow-

ng vaccine introduction presumably relate more to decreased
ransmission of these clonal groups than changes in the type
f conjugate vaccine used or the selective pressure afforded
y these vaccines.

Although serotype replacement is a well-recognized phe-
omenon in association with the use of pneumococcal
onjugate vaccines [37], it has not been an important con-
ideration with respect to Hib conjugate vaccines. This may
elate to the relatively low virulence of H. influenzae non-type
strains, which frequently produce nasopharyngeal coloniza-

ion yet infrequently cause invasive disease. H. influenzae
on-type b invasive disease has been increasingly reported
n regions where the Hib conjugate vaccine has been used
38–44]. In addition, non-type b strains have been shown to
ause outbreaks and clusters of invasive disease as seen with
. influenzae type a in Gambia [45], Utah [46] and Alaska

47]. In some of these settings, H. influenzae type a isolates
ere found to produce increased amounts of capsule due

o amplification of cap loci [48] and/or partial deletion in
he IS1016-bexA region within duplicated cap loci [45,46].

oreover, non-type b isolates have limited genetic diversity,
uggesting that increase in invasive disease incidence may be
ue to the emergence of virulent clones [38,46,47,49]. The
resence of circulating virulent non-type b strains may there-
ore be a necessary requirement, in addition to the selection
ressure afforded by the use of Hib conjugate vaccines, to
roduce a serotype replacement phenomenon. The same H.
nfluenzae type a clones that led to a serotype replacement
henomenon in Salvador have been isolated in other regions

f Brazil [21]. Yet serotype replacement has been a transitory
nd local phenomenon, not documented outside of Salvador.
urthermore, serotype replacement has not been observed

n populations, such as Navajo and White Mountain Apache
5 (2007) 4420–4428

ommunities [50], where Hib immunization is routinely used
nd surveillance has identified the presence of circulating H.
nfluenzae type a clones. Together these findings suggest that
ype a clones may not achieve sufficient levels of transmis-
ion to become a significant problem with the use of Hib
onjugate vaccines.

In summary, this study found that within a 5-year period,
ncorporation of Hib conjugate vaccines in childhood immu-
ization program has led to the near elimination of Hib
eningitis in the third largest urban center in Brazil. Overall

uccess of the campaign may be attributed to the high cover-
ge of target populations and the absence of vaccine failure
r sustained serotype replacement phenomenon. The bene-
ts afforded by Hib conjugate vaccines, comparable to that
hich has been achieved in the industrialized world, is likely

o be widespread throughout Brazil and other countries in
atin America where the same vaccine regimens are used and
imilar coverage rates have been attained. The achievements
ccomplished in Latin America make it ever more imperative
o advance on-going initiatives [51] that aim to introduce con-
ugate vaccines in developing countries where Hib invasive
isease continues to cause a major health burden.

cknowledgements

This work was supported by grants from the Brazil-
an National Research Council (300.861/96-6) and National
nstitute of Health, USA (TW-00919, TW-007303). We thank
he clinical, laboratory and administrative staff of Hospital
outo Maia, especially Ana Maria Maia and Neide Oliveira
ilva; Steve Copolla for assistance in the data collection and
rocessing; Maviany Mota for assistance with the laboratory
nalyses; Brendan Flannery for assistance with the statisti-
al analyses; Edgar Lessa Crusoé, Orgalı́ Marques, Neci Ivo
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