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Surveillance for Haemophilus influenzae meningitis cases was performed in Salvador, Brazil, before and after

introduction of H. influenzae type b (Hib) immunization. The incidence of Hib meningitis decreased 69% during

the 1-year period after initiation of Hib immunization (from 2.62 to 0.81 cases/100,000 person-years; P <.001).
In contrast, the incidence for H. influenzae type a meningitis increased 8-fold (from 0.02 to 0.16 cases/100,000
person-years; P = .008). Pulsed-field gel electrophoretic analysis demonstrated that H. influenzae type a isolates
belonged to 2 clonally related groups, both of which were found before Hib immunization commenced. Therefore,
Hib immunization contributed to an increased risk for H. influenzae type a meningitis through selection of
circulating H. influenzae type a clones. The risk attributable to serotype replacement is small in comparison to
the large reduction in Hib meningitis due to immunization. However, these findings highlight the need to maintain
surveillance as the use of conjugate vaccines expands worldwide.

A major public health advance has been the development

and widespread use of Haemophilus influenzae type b
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(Hib) polysaccharide conjugate vaccines. Hib is an im-
portant cause of meningitis, pneumonia, and epiglottitis
in the pediatric population and is responsible each year
for >2 million cases of invasive disease and 300,000
deaths worldwide among children aged <5 years [1]. Hib
infection rates have been reduced dramatically in coun-
tries that have implemented Hib conjugate vaccine pro-
grams as part of routine infant immunization [1, 2]: in
the United States, annual cases of Hib meningitis among
children aged <5 years decreased from >10,000 cases to
<200 cases within a 10-year period after licensure of Hib
conjugate vaccines [3].

In addition to preventing Hib invasive disease, sev-
eral studies have shown that conjugate vaccines are ef-
fective in reducing nasopharyngeal colonization [4-7]
and therefore may confer protection to populations not
targeted for immunization through herd immunity [8].
On the other hand, reduction of Hib carriage may open

ecological niches for H. influenzae non—type b strains

H. influenzae Meningitis after Hib Immunization
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and therefore potentially increase the risk of colonization and
invasive disease by these strains [9, 10]. H. influenzae non—type
b strains are generally believed to be less pathogenic than Hib
[11] and are an infrequent cause of severe invasive disease
[12-14]. However, reports have shown that these strains can
cause outbreaks of meningitis and bacteremia [11, 15]. Fur-
thermore, in the conjugate vaccine era, the incidence of H.
influenzae non—type b invasive disease has increased in certain
geographical locations [16-18]. In Salvador, Brazil, through
active surveillance for meningitis, we had the opportunity to
examine the incidence of H. influenzae non—type b disease be-
fore and after introduction of routine Hib immunization. In
the present study, we provide evidence for serotype replacement
with H. influenzae type a associated with the use of the Hib
conjugate vaccine.

METHODS

Study site.  The metropolitan region of Salvador is comprised
of 30 municipalities in Northeast Brazil, with a total population
of 3,208,893 inhabitants [19]. State health secretary protocol
requires that suspected cases of meningitis from metropolitan
Salvador be referred to the state infectious disease hospital for
diagnosis and assessment of the need for isolation procedures.
Notification of a case of meningitis to state health officials is
mandatory, and this hospital reports 98% of the cases among
residents of metropolitan Salvador [20].

In August 1999, the Hib conjugate vaccine was introduced

as part of the routine infant immunization program in Brazil.
Children aged <1 year were scheduled to receive 3 vaccine doses
given at 2-month intervals. Children aged 12-23 months were
scheduled to receive a single vaccine dose. Between August and
December 1999 in metropolitan Salvador, 71,213 vaccine doses
(Haemophilus b CRM-197 protein conjugate vaccine [HbOC];
Wyeth-Lederle) were administered to a target population of
58,412 children aged <1 year, and 22,488 vaccine doses were
administered to a target population of 60,051 children aged
12-23 months [21]. In 2000, 162,303 doses (Haemophilus b
tetanus toxoid protein conjugate vaccine [PRP-T]; Pasteur-
Merieux) were administered to a target population of 59,261
children aged <1 year, and 14,461 doses were administered to
a target population of 60,486 children aged 12-23 months. On
the basis of information obtained from immunization cards,
72% of the children aged <1 year completed the 3-dose schedule
in 2000. Of the children aged 12-23 months, 24% received the
1-dose schedule in 2000.

Surveillance.  Active surveillance for H. influenzae men-
ingitis was performed at the state infectious disease hospital
between 9 March 1996 and 8 September 2000. A case was
defined by the isolation of H. influenzae from the blood or
cerebrospinal fluid of a patient with clinical signs and symptoms
of meningitis. Clinical laboratory records were reviewed during
the 5 workdays of the week to identify culture-positive case
patients. A standardized data entry form was used to obtain
information about demographic characteristics, clinical pre-
sentation, and outcome after discharge from the medical rec-
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Figure 1.  Monthly distribution of 522 Haemophilus influenzae meningitis cases identified during surveillance from March 1996 to August 2000 in
Salvador, Brazil. Case patients were stratified according to the serotype status of the clinical isolate: H. influenzae type b (gray bars), type a (black bars),
type f (horizontal hatched bars), noncapsulated (cross-hatched bars), and not typed, because the isolate was unavailable for serotyping (white bars).
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ord. Immunization cards were reviewed to obtain information
on the timing and number of Hib conjugate vaccine doses
administered before hospitalization.

Laboratory investigation.  H. influenzae was identified ac-
cording to Gram-stain morphology and growth requirement for
factors V and X. Biotyping was performed by use of the indole
spot (Difco Laboratories) and ornithine decarboxylase and urease
(BBL Microbiology Systems) tests. Commercial antiserum (Difco
Laboratories) was used to determine capsular serotype. Each iso-
late was tested for slide agglutination with the complete panel
of type a— to type f-specific antisera and a saline control. Isolates
were serotyped at 2 laboratories in Brazil, and those identified
as a H. influenzae non—type b serotype and those with discordant
results were reanalyzed at the Centers for Disease Control and
Prevention (CDC). A seminested polymerase chain reaction
(PCR) method was used to amplify serotype-specific and non-
specific DNA sequences from the H. influenzae capsular loci [22].
Isolates were defined as noncapsulated if agglutination was not
observed with the 6 type—specific antisera and if PCR capsular
loci sequences conserved among serotypes were not detectable
by PCR [22].

Pulsed-field gel electrophoresis (PFGE) was performed with
Smal-digested DNA [23, 24] of H. influenzae type a strains
from Salvador and with those obtained during reference lab-
oratory-based surveillance in Brazil and the United States.
PFGE typing patterns were defined according to the criteria of
Tenover et al. [25]. Closely related (1-3-band difference) and
identical patterns were assigned a unique letter and number
code, respectively.

Statistical analysis. Data entry and statistical analyses were
performed with Epi Info version 6.04 software (CDC). Fisher’s
exact test or the x’ test was used to compare proportions, and
the Kruskal-Wallis test was used to compare continuous data.
Cumulative incidence was calculated on the basis of the number
of case patients from metropolitan Salvador and population
counts from the 1996 national census. The pre- and postvaccine
periods were defined as the 3.5-year interval before and 1-year
interval after 9 September 1999, respectively. Rates from the
prevaccine period were used as the expected value to calculate
the probability, according to the Poisson distribution, of ob-
serving postvaccine period rates.

RESULTS

Active surveillance identified 522 case patients with H. influen-
zae meningitis during the 4.5-year period between 9 March
1996 and 8 September 2000 (figures 1 and 2). In 483 (93%)
of these case patients, isolates were serotyped by slide agglu-
tination; 467 (96.7%) of the 483 isolates were Hib, 13 (2.7%)
were H. influenzae type a, 2 (0.4%) were noncapsulated, and
1 (0.2%) was H. influenzae type f. PCR-based detection of
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Figure 2. Distribution of 552 Haemophilus influenzae meningitis cases
according to identification during 6-month surveillance periods, March
1996 to August 2000. Case patients were stratified according to the
serotype status of the clinical isolate: H. influenzae type b (gray bars),
non—H. influenzae type b (non-Hib; black bars), and not typed, because
the isolate was unavailable for serotyping (white bars). Periods before
(prevaccine) and after (postvaccine) initiation of the Hib immunization
campaign are noted as lines below the figure. Dates are month/year.

capsular loci sequences confirmed the serotype of all H. in-
fluenzae non—type b isolates (results not shown). Isolates were
serotyped from 431 (92%) of 467 cases identified during the
prevaccine period and 52 (95%) of 55 of the cases identified
during the postvaccine period. The proportion of H. influenzae
type a cases increased from 5 (1.2%) of 431 to 8 (15.4%) of
52 (P<.001) after introduction of routine Hib immunization,
but no significant increase was observed in the proportion of
cases due to other H. influenzae non—type b isolates.

The incidence of H. influenzae meningitis among the 357
(68%) of the 522 patients who resided within metropolitan
Salvador, decreased 64% during the 1-year period after the
introduction of Hib immunization (pre- and postvaccine rates:
2.88 and 1.03 cases/100,000 person-years, respectively; P<
.001; table 1). This decrease was a result of the significant re-
duction in the incidence of Hib meningitis among children
aged <2 years (77%) and those aged 2—4 years (49%). However,
the incidence of H. influenzae type a meningitis increased 8-
fold after introduction of routine Hib immunization (pre- and
postvaccine rates; 0.02 and 0.16 cases/100,000 person-years,
respectively; P = .008). There was a significant difference be-
tween the rates of H. influenzae type a meningitis between pre-
and postvaccine periods in the target population for Hib im-
munization (children aged <2 years; 0 and 1.77 cases/100,000
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Table 1. Annual incidence of Haemophilus influenzae meningitis in Salvador, Brazil, before and
after introduction of routine H. influenzae type b (Hib) immunization

Prevaccine  Postvaccine

Type of infection, age group

period period

RR (95% Cl) P

All H. influenzae meningitis cases (n = 357)°

0-4 years 30.08 (308) 9.91 (29) 0.33 (0.23-0.48) <.001
<2 years 57.59 (228) 15.91 (18) 0.28 (0.17-0.45) <.001
2-4 years 12.74 (80) 6.13 (11) 0.48 (0.26-0.90) .022

5-9 years 1.02 (11) 0.98 (3) 0.95 (0.27-3.42) 1.00

Overall 2.88 (324) 1.03 (33) 0.36 (0.25-0.51) <.001
With Hib isolates (n = 320)

0-4 years 27.54 (272) 8.20 (24) 0.30 (0.20-0.45) <.001
<2 years 53.80 (213) 12.38 (14) 0.23 (0.13-0.40) <.001
2-4 years 10.98 (69) 5.57 (10) 0.51 (0.26-0.98) .042

5-9 years 0.93 (10) 0.65 (2) 0.70 (0.15-3.19) 1.00

Overall 2.62 (294) 0.81 (26) 0.31 (0.21-0.46) <.001

With H. influenzae type a isolates (n = 7)
0-4 years
<2 years
2-4 years
5-9 years
Overall

0.20 (2) 1.03 (3) 5.25 (0.88-31.42) .08
0.00 (0) 1.77 (2) — .049
0.32 (2) 0.56 (1) 1.75 (0.16-19.30) .53
0.00 (0) 0.33 (1) — 22
0.02 (2) 0.16 (5) 8.75 (1.70-45.10) .008

NOTE. Data are cases per 100,000 person-years (no. of cases), unless otherwise noted. Cl, confidence interval; RR,

relative risk; —, values could not be determined.

@ Includes 2 case patients with noncapsulated isolates and 28 with isolates that were not serotyped.

person-years, respectively; P = .049), but not in the other age
groups (table 1).

H. influenzae type a meningitis cases did not cluster spatially
with respect to the neighborhood of residence during pre- and
postvaccine periods. There were no significant differences with
respect to age, sex, prior hospitalization, attendance at day care
centers, and underlying chronic diseases between H. influenzae
type a and H. influenzae non—type a meningitis cases (table 2).

Isolates from the 13 H. influenzae type a meningitis cases
belonged to 2 distinct groups of closely related PFGE typing
patterns (A [4 isolates] and B [9 isolates]; figure 3; table 3).
Pattern A isolates were biotype I, and those with pattern B were
biotypes II or III (table 3). H. influenzae type a patterns were
unrelated to the 4 molecular typing patterns found in PFGE
analyses of 15 of 44 Hib isolates obtained during the postvac-
cine period (results not shown). Two of 4 pattern A and 3 of
9 pattern B H. influenzae type a strains were isolated from case
patients identified in Salvador before the introduction of Hib
immunization. Furthermore, 7 of the 8 H. influenzae type a
clinical isolates identified during national laboratory-based sur-
veillance from other Brazilian cities during 1992-1998 had
PFGE patterns (A [3 isolates] and B [4 isolates]) identical to
those of H. influenzae type a isolates from Salvador (figure 3).
PFGE patterns A and B found in H. influenzae type a strains

from Brazil were unrelated to those of H. influenzae type a
clinical isolates or reference strains from the United States.
Information on Hib immunization status was obtained from
14 (52%) of 27 H. influenzae meningitis case patients who were
identified in the postvaccine period and were in the vaccine
target population. Of the 4 case patients with H. influenzae type
a meningitis interviewed, 2 had completed a 3-dose Hib im-
munization schedule, and 2 had received 2 doses of the vaccine
(table 3). In contrast, of the 10 interviewed case patients with
Hib meningitis, 4 had not received any doses of the conjugate
vaccine, and 6 had received 1 dose before acquiring their illness.
The clinical manifestations seen in the 13 H. influenzae type
a meningitis cases were similar in severity to those seen in the
549 H. influenzae non—type a cases (547 with Hib strains and
2 with noncapsulated strains) for whom clinical information
and isolate serotype were obtained (table 2). Significant differ-
ences were not observed in mortality from meningitis due to
H. influenzae type a and H. influenzae non—type a strains (case-
fatality ratios, 23% vs. 16%, respectively; P>.05) or disease
caused by these strains during the periods before or after the
initiation of the Hib immunization campaign (results not
shown). Neurological sequelae, such as hydrocephalus and au-
ditory deficits, were observed at similar frequencies among sur-
vivors with H. influenzae type a (20%) and H. influenzae non—
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Table 2. Characteristics of case patients with Haemophilus influenzae type a and
H. influenzae non-type a meningitis identified between 1996 and 2000.

H. influenzae H. influenzae

Characteristic type a non-type a
Median age in years (range) 1(0-15) 1 (0-53)
Male sex 7 (54) 260 (57)
Underlying disease® 1(10) 26 (6)
Seizures 4 (31) 127 (28)
Focal neurological signs 4 (31) 110 (24)
CSF examination®
Leukocyte count, median cells X10%ulL (range) 7.8 (0.8-10.0) 5.8 (0.03-31.0)
Glucose level, median mg/dL (range) 20 (20-39) 20 (20-60)
Protein level, median mg/dL (range) 260 (150-500) 300 (30-500)
ICU admission 3(23) 96 (21)
Days in ICU,° median (range) 7 (3-8) 2 (1-33)
Case-fatality rate 3 (23) 75 (16)
Days of hospitalization, median (range)
Among those who died 2 (1-3) 2 (1-16)
Among survivors 16 (12-40) 16 (10-75)
Neurological sequelae on disoharged 2 (20) 96 (25)

NOTE. Data are no. (%) of case patients, unless otherwise noted. Information on isolate serotype
and clinical characteristics was obtained from 472 (90%) of 522 patients with H. influenzae meningitis
identified during surveillance. Of these 472 patients, 13, 457, and 2 patients had H. influenzae type a,
H. influenzae type b, and noncapsulated isolates. CSF, cerebrospinal fluid; ICU, intensive care unit.

? Percentages were calculated on the basis of 10 patients with H. influenzae type a isolates and 442
patients with H. influenzae non-type a isolates for which information on underlying disease was available.

® Results of CSF examination are shown for 13 patients with H. influenzae type a isolates and for

454 patients with H. influenzae non-type a isolates.

¢ Median days were calculated for patients admitted to the ICU. There was a significant difference
(P<.05) between the 2 groups for this but not other characteristics.
d Sequelae among 394 survivors included ataxia (48), motor deficit (20), auditory deficit (15), and

hydrocephalus (15).

type a (25%) meningitis (tables 2 and 3). H. influenzae type a
case patients did not have outcomes different from those of H.
influenzae non—type a case patients with respect to admission
to the intensive care unit (ICU) or duration of hospitalization,
although those who were admitted to the ICU did have a longer
duration of stay than did H. influenzae non—type a cases (7 vs.
2 days; P = .02).

DISCUSSION

The present study’s findings demonstrate the major public health
impact of Hib immunization 1 year after its introduction in
Brazil. The benefits are similar to those observed previously in
countries, mostly in the developed world, that have adopted Hib
conjugate vaccines [1]. Within the first year of the campaign in
Salvador, overall Hib meningitis rates decreased 77% among chil-
dren aged <2 years. Serious neurological sequelae were identified
during hospitalization in >20% of children with H. influenzae
meningitis. In addition to decreased meningitis and mortality

rates, a major impact of Hib immunization in Salvador was the

prevention of long-term morbidity and social burdens due to
neurological sequelae.

In parallel, surveillance in Salvador identified a small but
significant increase in H. influenzae type a meningitis rates. H.
influenzae non—type b has been described to be the cause of
invasive disease [11, 14-18, 26, 27]. However, strong evidence
of serotype replacement has not been detected anywhere since
Hib conjugate vaccines were introduced in the late 1980s [10].
In the present study, the evidence that serotype replacement
occurred after introduction of routine Hib immunization in
Salvador, Brazil is as follows: (1) a significant increase in the
incidence of H. influenzae type a meningitis cases was observed
after the initiation of the Hib conjugate vaccine campaign; (2)
all H. influenzae type a strains belonged to 2 clonal groups
present in Salvador before the introduction of the Hib con-
jugate vaccine; and (3) H. influenzae type a meningitis was
documented in subjects who had previously been immunized
with the conjugate vaccine. Because surveillance was limited to
those with meningitis, the study’s findings may not apply to
the other forms of invasive H. influenzae disease.
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Figure 3. Pulsed-field gel electrophoresis (PFGE) analysis of Smal-digested DNA from Haemophilus influenzae type a isolates. H. influenzae type
a strains were isolated from meningitis case patients that were identified before (lanes 6-7 and 12—14) and after (lanes 8 and 15-20) introduction
of routine H. influenzae type b (Hib) immunization. These isolates belonged to 2 closely related PFGE patterns (A1, /anes 6-8; B1 and B2, lanes 12-19
and 20, respectively). H. influenzae type a clinical isolates from other Brazilian cities had PFGE patterns identical to the A1 and B1 pattern (A1, Curitiba,
lane 9, and S&o Paulo, /ane 10; B1, Séo Paulo, lanes 21, 23, and 24, and Recife, lane 22). The 2 closely related patterns observed for H. influenzae
type a isolates from Salvador were unrelated to those for Hib isolates obtained during surveillance in Salvador (not shown), the H. influenzae type
a reference strain (ATCC 9006), and isolates from the United States (US) (/anes 2 and 3-5, respectively). The position and size (kb) of fragments in
the molecular mass standards (M; /anes 7, 11 and 25) are shown on the right.

Improved surveillance is an alternative explanation for the
serotype shift identified after the introduction of the vaccine.
However, increases in the rate of disease due to non-Hib other
than H. influenzae type a were not observed. Moreover, dif-
ferential case ascertainment for H. influenzae type a and non—
type a meningitis cases is unlikely, given the similarity between
patient groups and clinical presentations (table 2). Outbreaks
of H. influenzae type a disease have been reported [11, 15], but
H. influenzae type a cases identified in this study were not
clustered in space or time and did not occur in specific risk
groups, other than the pediatric population targeted by the
immunization campaign. In addition, the similarity of host
characteristics between H. influenzae type a and H. influenzae
non-type a cases indicates that the increase in H. influenzae
type a disease was not associated with a change in the popu-
lation at risk for H. influenzae meningitis. Introduction of a
new hypervirulent strain was not observed, because H. influen-
zae type a isolates from the postvaccine period had PFGE pat-
terns identical to those of isolates from the prevaccine period.

Serotype replacement has not been previously detected for
H. influenzae nasopharyngeal carriage [4, 6, 7] or invasive dis-
ease [12, 28] in the postvaccine era. Few reports have described

increased rates of H. influenzae non—type b invasive disease in
regions where Hib conjugate vaccines have been used [16-18],
but molecular typing studies were not performed to determine
whether increased rates were due to serotype replacement. Fur-
thermore, long-term surveillance in countries such as the
United States, which have used conjugate vaccines for >10
years, has not found sustained increases in the rates of H.
influenzae non—type b invasive disease [29]. We demonstrated
that 2 clonally related groups of strains were responsible for
transmission of H. influenzae type a meningitis in Salvador.
Identification of serotype replacement in meningitis cases,
therefore, appears to be due in part to the presence of circu-
lating virulent H. influenzae type a clones not found in other
locations. The presence or lack of circulating virulent H. in-
fluenzae non—type b clones may be an explanation why in-
creased rates of H. influenzae non—type b disease after Hib
immunization have been observed in few epidemiological set-
tings. However, we found that H. influenzae type a strains from
geographically disparate regions of Brazil had PFGE patterns
identical to those in Salvador, which indicates that dissemi-
nation of these clonal groups is not a local phenomenon that
is restricted to our surveillance region. With increasing reports
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Table 3.
Salvador, Brazil.

Characteristics of 13 patients with Haemophilus influenzae type a meningitis identified during surveillance in

No. of Hib Neurological
Month/year of vaccine Isolate biotype Days Outcome (days of sequelae
Patient  hospitalization Age Sex doses? (PFGE type) in ICU hospitalization) on discharge
1 07/1996 4 years M 0 I (B1) 0 Discharged (21) Auditory deficit
2 11/1996 3 years M 0 I1(B1) 0 Discharged (12) None
3 12/1997 9 months  F 0 | (A1) 0 Death (2) —°
4 09/1998 2 years M 0 I(B1) 0 Discharged (17) None
5 04/1999 4 months  F 0 | (A1) 3 Death (3) —°
6 09/1999 3 years F 0 I(B1) 0 Discharged (16) None
7 09/1999 5 months F ND I(B1) 8 Discharged (40) Hydrocephalus
8 10/1999 15 years M 0 [ (A1) 0 Discharged (13) None
9 12/1999 18 months F 2 [ (A1) 0 Discharged (12) None
10 04/2000 5 months M 2 I(B1) 7 Discharged (31) None
11 06/2000 12 months M 3 I(B1) 0 Discharged (16) None
12 07/2000 9 years M 0 IM(B1) 0 Death (1) —°
13 07/2000 8 months F 3 II(B2) 0 Discharged (12) None

NOTE. Hib, Haemophilus influenzae type b; ICU, intensive care unit; ND, not determined; PFGE, pulsed-field gel electrophoresis.

@ Hib immunization campaign was initiated on 9 August 1999.

b Sequelae were not recorded since the patient died during hospitalization.

of virulent H. influenzae type a [11, 15, 30] and H. influenzae
type f [26, 27] strains isolated from different regions of the
world and with the expanding global use of Hib conjugate
vaccines, serotype replacement may become an emerging and
more widespread possibility.

Clinically, the virulence of H. influenzae type a strains was
indistinguishable from that of Hib: the case-fatality ratios among
H. influenzae type a and H. influenzae non—type a meningitis
patients were 23% and 16%, respectively (table 2). Increased
virulence among H. influenzae type a, which was generally con-
sidered to be a rare cause of invasive disease in the prevaccine
era [11, 15, 31], appears to be associated with partial deletion of
1 of 2 bexA copies within duplicated cap loci [15] and/or am-
plification of cap loci [30]. Virulent H. influenzae type a strains
identified in this study were responsible for sporadic meningitis
cases in the prevaccine period. Introduction of the Hib immu-
nization contributed to an increase in the rates of meningitis due
to these strains. Our study found that cases of H. influenzae type
a meningitis occurred among infants who previously had received
=2 vaccine doses. We propose that, in Salvador, the use of Hib
conjugate vaccines provided circulating virulent type a strains an
increased opportunity to replace Hib during nasopharyngeal
colonization.

Although surveillance in Salvador identified a significant in-
crease in the rate of H. influenzae type a meningitis that resulted
from serotype replacement, the impact of this finding is small
in comparison to substantial and large reduction in the burden
of Hib meningitis attributable to the use of the conjugate vac-
cine (table 1). Without question, the public health priority for

H. influenzae disease is the widespread introduction of the Hib
conjugate vaccine in developing countries, where the cost of
conjugate vaccines has thus far precluded their use. More than
10 years after the introduction of Hib conjugate vaccines, im-
munization schedules contributed to <2% reduction in the
global burden of Hib disease [1]. This situation is expected to
improve as efforts progress to reduce vaccine costs, as was done
recently in Brazil [32], and as more developing countries, such
as those in Latin America, adopt Hib immunization programs.
However, the finding of this study suggests that, as global im-
munization coverage expands, continued surveillance for H.
influenzae will be needed to monitor potential increases in dis-
ease due to serotype replacement.

Acknowledgments

We thank the clinical, laboratory, and administrative staff of
Hospital Couto Maia (Salvador, Brazil), especially Ana Maria
Maia and Neide Oliveira Silva; Tatiana Silva Lobo, Ricardo
Martinez Pinheiro, Céssio Ribeiro, and Steve Copolla for their
participation in data collection and processing; Maviany Mota
for technical assistance with the laboratory analyses; Brendan
Flannery for assistance with the statistical analyses; Marlene
Tavares B. de Carvalho, Neci Ivo Ramos, and Helena Macedo
for providing information on the Haemophilus influenzae type
b immunization program and meningitis case notifications;
Leonard W. Mayer for advice during the laboratory analysis
and confirmation of the serotyping results; Art Reingold for
review of the manuscript; Warren D. Johnson, Jr., and Lee W.

H. influenzae Meningitis after Hib Immunization ¢ JID 2003:187 (1 January) * 115

TT0Z ‘92 Judy Uo Zn1D opleMSO 0Fy§yepun4 Je Bio’sfeunolpiojxo pil woiy papeojumod


http://jid.oxfordjournals.org/

Riley for critical advice during study implementation and

manuscript preparation; and, most of all, the study patients

and their families.

References

1.

10.

11.

12.

13.

14.

Peltola H. Worldwide Haemophilus influenzae type b disease at the
beginning of the 21st century: global analysis of the disease burden 25
years after the use of the polysaccharide vaccine and a decade after the
advent of conjugates. Clin Microbiol Rev 2000; 13:302-17.

. Progress toward elimination of Haemophilus influenzae type b disease

among infants and children: United States, 1987-1995. MMWR Morb
Mortal Wkly Rep 1996;45:901-6.

. Bisgard KM, Kao A, Leake J, Strebel PM, Perkins BA, Wharton M.

Haemophilus influenzae invasive disease in the United States, 1994—
1995: near disappearance of a vaccine-preventable childhood disease.
Emerg Infect Dis 1998;4:229-37.

. Takala AK, Eskola J, Leinonen M, et al. Reduction of oropharyngeal

carriage of Haemophilus influenzae type b (Hib) in children immunized
with an Hib conjugate vaccine. J Infect Dis 1991; 164:982—6.

. Murphy TV, Pastor P, Medley F, Osterholm MT, Granoff DM. Decreased

Haemophilus colonization in children vaccinated with Haemophilus in-
fluenzae type b conjugate vaccine. ] Pediatr 1993;122:517-23.

. Barbour ML, Mayon-White RT, Coles C, Crook DW, Moxon ER. The

impact of conjugate vaccine on carriage of Haemophilus influenzae type
b. J Infect Dis 1995;171:93-8.

. Forleo-Neto E, de Oliveira CF, Maluf EM, et al. Decreased point preva-

lence of Haemophilus influenzae type b (Hib) oropharyngeal coloni-
zation by mass immunization of Brazilian children less than 5 years
old with Hib polyribosylribitol phosphate polysaccharide—tetanus tox-
oid conjugate vaccine in combination with diphtheria—tetanus toxoids—
pertussis vaccine. J Infect Dis 1999;180:1153-8.

. Barbour ML. Conjugate vaccines and the carriage of Haemophilus in-

fluenzae type b. Emerg Infect Dis 1996;2:176-82.

. Lipsitch M. Vaccination against colonizing bacteria with multiple sero-

types. Proc Natl Acad Sci USA 1997; 94:6571-6.

Lipsitch M. Bacterial vaccines and serotype replacement: lessons from
Haemophilus influenzae and prospects for Streptococcus pneumoniae.
Emerg Infect Dis 1999; 5:336—45.

Adderson EE, Byington CL, Spencer L, et al. Invasive serotype a Hae-
mophilus influenzae infections with a virulence genotype resembling
Haemophilus influenzae type b: emerging pathogen in the vaccine era?
Pediatrics 2001; 108:E18.

Wenger JD, Pierce R, Deaver K, et al. Invasive Haemophilus influenzae
disease: a population-based evaluation of the role of capsular polysac-
charide serotype. Haemophilus Influenzae Study Group. ] Infect Dis
1992; 165(Suppl 1):534-5.

Falla TJ, Dobson SR, Crook DW, et al. Population-based study of non-
typeable Haemophilus influenzae invasive disease in children and ne-
onates. Lancet 1993;341:851-4.

Heath PT, Booy R, Azzopardi HJ, et al. Non-type b Haemophilus
influenzae disease: clinical and epidemiologic characteristics in the Hae-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

mophilus influenzae type b vaccine era. Pediatr Infect Dis J 2001;20:
300-5.

Kroll JS, Moxon ER, Loynds BM. Natural genetic transfer of a putative
virulence-enhancing mutation to Haemophilus influenzae type a. J In-
fect Dis 1994;169:676-9.

Urwin G, Krohn JA, Deaver-Robinson K, Wenger JD, Farley MM.
Invasive disease due to Haemophilus influenzae serotype f: clinical and
epidemiologic characteristics in the H. influenzae serotype b vaccine
era. The Haemophilus influenzae Study Group. Clin Infect Dis 1996;
22:1069-76.

Slack MP, Azzopardi HJ, Hargreaves RM, Ramsay ME. Enhanced sur-
veillance of invasive Haemophilus influenzae disease in England, 1990
to 1996: impact of conjugate vaccines. Pediatr Infect Dis ] 1998;17:
5204-7.

Perdue DG, Bulkow LR, Gellin BG, et al. Invasive Haemophilus in-
fluenzae disease in Alaskan residents aged 10 years and older before
and after infant vaccination programs. JAMA 2000;283:3089-94.
Instituto Brasileiro de Geografia e Estatistica. Anudrio estatistico do
Brasil. Vol. 56. Rio de Janeiro: Instituto Brasileiro de Geografia e Es-
tatistica, 1996.

Case notification records. Salvador, Brazil: Secretary of Health for the
State of Bahia, 2000.

Immunization records. Salvador, Brazil: Secretary of Health for the
State of Bahia, 2001.

Falla TJ, Crook DW, Brophy LN, Maskell D, Kroll JS, Moxon ER. PCR
for capsular typing of Haemophilus influenzae. ] Clin Microbiol 1994;
32:2382-6.

Saito M, Umeda A, Yoshida S. Subtyping of Haemophilus influenzae
strains by pulsed-field gel electrophoresis. J Clin Microbiol 1999;37:
2142-7.

Curran R, Hardie KR, Towner KJ. Analysis by pulsed-field gel elec-
trophoresis of insertion mutations in the transferrin-binding system
of Haemophilus influenzae type b. ] Med Microbiol 1994;41:120-6.
Tenover FC, Arbeit RD, Goering RV, et al. Interpreting chromosomal
DNA restriction patterns produced by pulsed-field gel electrophoresis:
criteria for bacterial strain typing. J Clin Microbiol 1995;33:2233-9.
Nitta DM, Jackson MA, Burry VE Olson LC. Invasive Haemophilus
influenzae type f disease. Pediatr Infect Dis J 1995; 14:157-60.
Waggoner-Fountain LA, Hendley JO, Cody EJ, Perriello VA, Donowitz
LG. The emergence of Haemophilus influenzae types e and f as sig-
nificant pathogens. Clin Infect Dis 1995;21:1322—4.

Schuchat A, Robinson K, Wenger JD, et al. Bacterial meningitis in the
United States in 1995. Active Surveillance Team. N Engl ] Med 1997;
337:970-6.

Progress toward elimination of Haemophilus influenzae type b invasive
diseases among infants and children: United States, 1998-2000.
MMWR Morb Mortal Wkly Rep 2002;51:234-37.

Ogilvie C, Omikunle A, Wang Y, St Geme IJ 3rd, Rodriguez CA, Ad-
derson EE. Capsulation loci of non—serotype b encapsulated Haemophi-
lus influenzae. ] Infect Dis 2001; 184:144-9.

Rutherford GW, Wilfert CM. Invasive Haemophilus influenzae type a
infections: a report of two cases and a review of the literature. Pediatr
Infect Dis 1984;3:575-7.

Children’s Vaccine Initiative. Vaccination news. Haemophilus influen-
zae: Hib use rising...slowly. Newswatch 1999:7-8.

116 « JID 2003:187 (1 January) * Ribeiro et al.

TT0Z ‘92 Judy Uo Zn1D opleMSO 0Fy§yepun4 Je Bio’sfeunolpiojxo pil woiy papeojumod


http://jid.oxfordjournals.org/

