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We analyzed eight invasive Haemophilus influenzae strains isolated from individual children vaccinated
appropriately for their ages. Five of the strains were type b and three were nontypeable strains. Children
infected with nontypeable strains had a protective level of anti-H. influenzae type b antibodies, while only one
of the children whose cases represented true vaccine failure did.

A small number of children still develop invasive Haemophi-
lus influenzae type b (Hib) disease despite complete vaccina-
tion with anti-Hib conjugate vaccines (2–4). Recently, the in-
cidence of Hib disease in United Kingdom children has
increased, with the greatest rise occurring in vaccinated chil-
dren (2, 10). When a vaccinated child develops an invasive
infection due to H. influenzae, a key decision from the public
health point of view has to be taken as to whether the infection
represents a case of vaccine failure or whether it is a new
infection caused by a type of H. influenzae other than type b
(noncapsulated or other capsular type). Important serotype
discrepancies in Hib detection using conventional slide agglu-
tination serotyping have been reported by the Centers for
Disease Control and Prevention (6, 15).

Several predisposing clinical risk factors and immunological
conditions have been described for cases of vaccine failures
(2–4). However, in the largest published series (12), all of these
predisposing factors were present in less than half of the cases.

The aims of this study were to evaluate different molecular
techniques for distinguishing true from apparent vaccine fail-
ures and to study the molecular epidemiology of strains re-
sponsible for a series of consecutive cases of H. influenzae
invasive infections in fully vaccinated children compared with
prevaccination isolate status.

In 1996, vaccination against Hib with conjugate vaccines was
introduced in Spain, first in some Spanish Autonomous Com-
munities and then at the national level. At the beginning of the
vaccination program, children �1 year old were vaccinated
once with the conjugate vaccine. In Spain, Hib vaccine is usu-
ally given at 2, 4, 6, and 18 months of age. Our national
Haemophilus reference laboratory set up an active program
aimed at the phenotypic and genotypic characterization of
possible vaccine failures. Local microbiologists and public
health epidemiologists were contacted and asked to send iso-
lates to our laboratory. We also requested a serum sample
from each patient to determine anti-Hib antibody status and a

clinical protocol including the patient’s identity code, clinical
data, probable risk factors (premature delivery, underlying dis-
eases, immunosuppression, and congenital abnormalities),
dates of anti-Hib vaccination, and vaccine type, brand, and
batch numbers.

Cerebrospinal fluid (CSF) and/or blood isolates were iden-
tified at the reference laboratory according to standard bacte-
riological methods (5). A PCR procedure was used for capsule
genotyping of the six capsular types (types a to f) (8).

Immunoglobulin G antibody to Hib (polyribosylribitol phos-
phate [PRP]) was quantified by an enzyme-linked immunosor-
bent assay test as previously described (12). Serum samples
were sent to Helen Griffiths, Radcliffe Hospital, University of
Oxford, Oxford, United Kingdom. An antibody determination
of �1.0 �g/ml was considered to be protective (13).

For the purposes of molecular epidemiological comparisons,
in addition to the study strains, we selected eight Hib isolates
that had caused invasive infection in children prior to wide-
spread vaccination with Hib conjugate vaccines in Spain. His-
torical controls were the Hib strains 23095, 1494, 2995, 4194,
11194, 4394, 0994, and 3295. All of these strains were isolated
between 1994 and 1995 from patients from similar geograph-
ical areas and with similar ages and clinical diagnoses to those
of members of the study group of vaccine failure cases. The
reference Hib strain Eagan was studied in parallel. All bacte-
rial isolates were examined by pulsed-field gel electrophoresis
(PFGE) after digestion of bacterial DNA with SmaI (MBI
Fermentas, Vilnius, Lithuania). A cluster analysis was per-
formed, and a similarity index was calculated by the un-
weighted pair-group average method (16).

Genotyping of Haemophilus strains was performed by South-
ern blot analysis using the pUO38 cap probe (14), a DNA
probe hybridizing to the region of the chromosome involved in
the synthesis and expression of capsular type b. The same Hib
historical controls as for PFGE were included for comparison.
The cluster analysis was performed as described previously
(16).

True vaccine failure was defined by Heath et al. (12) as the
isolation of an invasive Hib strain from CSF or blood at either
�2 weeks after a single dose of vaccine had been given to an
infant �1 year of age or �1 week after at least two doses had
been given to a child of �1 year of age.
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From 1997 to 2002, eight consecutive strains of H. influenzae
(isolated from the CSF and/or blood of individual children
previously vaccinated fully for their ages with conjugate vac-
cines against Hib) were submitted to our reference laboratory.
The children’s isolates came from distinct geographical areas
of the country. Two cases occurred in the same area (Bara-
kaldo, Basque Country, Spain) but were not epidemiologically
linked and occurred 8 months apart. Among the vaccine failure
cases, no common pattern of vaccine type, brand, or batch
number was found.

Table 1 summarizes relevant clinical and laboratory data of
the study patients. Five patients had meningitis. From the
results of PCR capsule genotyping, five cases were shown to be
true vaccine failures caused by Hib while the other three were
shown to be caused by nonencapsulated strains. All of the
children infected by nonencapsulated isolates had antibody
levels against PRP of �1.0 �g/ml, whereas only one of the
children whose cases involved true vaccine failure did (Table
1). The patient infected by Hib strain 2999 was human immu-
nodeficiency virus (HIV) positive, but she had not developed

FIG. 1. Dendrogram illustrating the genetic relationship of H. influenzae strains isolated from cases of invasive infections of vaccinated patients
(as determined by PFGE) to prevaccination Hib isolates. Strains from vaccinated children: 37398 (b), 2999 (b), 67299 (b), 52901 (b), 42402 (b),
70097 (nontypeable), 90797 (nontypeable), and 38398 (nontypeable). Prevaccination H. influenza type b isolates: 23095, 1494, 2995, 4194, 11194,
4394, 0994, and 3295. The x axis represents percentages of the genetic relationship.

TABLE 1. Characteristics of patients vaccinated against Hib who presented with invasive infections

Strain Date of
isolation

Age of
patient

Clinical diagnosis
of patient

Source
of

isolate
Strain type Anti-PRP

(�g/ml) Risk factor
No. of
vaccine
doses

90797 1/31/97 3 yr Bacteremia Blood Nontypeable H. influenzae 6.24 No 1
70097 5/16/97 4 yr Meningitis CSF Nontypeable H. influenzae 2.81 No 1
38398 4/20/98 15 mo Bacteremia Blood Nontypeable H. influenzae 4.55 No 3
398 4/24/98 12 mo Meningitis CSF Hib �0.15 No 3
2999 1/08/99 4 yr Pneumonia Blood Hib 2.29 HIV positive 1
67299 9/23/99 15 mo Meningitis CSF Hib 0.17 No 3
52901 6/08/01 12 mo Meningitis CSF Hib �0.15 No 3
42402 7/18/02 19 mo Meningitis CSF Hib �0.15 No 4
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AIDS, her CD4� T-cell count was normal, and her viral load
was undetectable; no immunoglobulin abnormalities were re-
ported in any of the vaccine failure cases.

PFGE clearly separated Hib strains from nonencapsulated
strains (Fig. 1); most of the Hib strains (including historical
controls, the Eagan reference strain, and the Hib vaccine fail-
ures) displayed little genetic diversity, as their genetic distances
were 0.20 or lower (Fig. 1). The Hib strain 2999 (isolated from
a case of true vaccine failure) exhibited an intermediate ge-
netic distance (0.38) between the major Hib clone and the
nonencapsulated strains.

Little genetic variability was found in the cap b genetic
structure, as 8 out of 13 of the Hib strains, whether responsible
for vaccine failure or not, displayed the same Eagan-like pat-
tern (Fig. 2). Probe hybridization was not observed in the three
nonencapsulated strains. Three of five Hib isolates causing
vaccine failure had a cap b pattern identical to that of the
Eagan strain and five other prevaccination Hib strains (Fig. 2).
Hib strain 2999 was distant from the other vaccine failure
isolates (genetic distance, 0.75), although its cap pattern was
identical to that of another Hib prevaccination control isolated
in 1995.

Recently, a resurgence of invasive Hib cases in well-vacci-

nated children was reported in Alaska (9) and the United
Kingdom (10, 11).

In this study, capsulated and nonencapsulated H. influenzae
strains were able to be clearly separated by PCR and the two
additional molecular epidemiological methods used. Type b
strains can lose their capsulated phenotype to become pheno-
typically nonencapsulated while nevertheless retaining capsu-
lation genes and therefore remaining hybridization positive
(14). The fact that these strains were hybridization negative
argues strongly that they are not mutants of b-positive strains
but, rather, genuine nonencapsulated strains. Vaccine failure
was essentially due to the patient’s inability to develop an
appropriate immune response, as was noted in other reports
(3, 12).

Except for one case of a positive carrier of HIV who had not
developed AIDS, no underlying predisposing condition was
found in the other four cases, in agreement with other authors’
observations (13). Other possible reasons for a child with HIV
presenting with vaccine failure, such as antibody quality and
other immune dysfunctions, might exist. The effectiveness of
the Hib conjugate vaccine may be reduced in children with a
high prevalence of HIV infection (17). There is a growing
concern that some Hib vaccine failures may be the conse-
quence of reduced effectiveness of combined vaccine formula-
tions in which the pertussis component is “acellular” rather
than whole-cell pertussis (10).

We used a restrictive definition of vaccine failure. Other
Hib-invasive infections may occur in partially vaccinated chil-
dren for whom insufficient time has elapsed for true vaccine
failure to occur; these cases were not included in our study
(20). Previously, little genetic diversity had been demonstrated
for Hib by cap b genotyping or other epidemiological tech-
niques (1, 19). Van Alphen et al. (21) used phenotypic meth-
ods to analyze 16 cases of vaccine failures, of which 7 repre-
sented patients who had been fully vaccinated. All isolates
belonged to the common prevaccination clones of Hib. In
addition, cap genotyping was carried out with a collection of
Hib isolates from vaccinated children with no differences in the
distribution of cap b genotypes (7). For our patients, the vac-
cine failure case produced by Hib isolate 2999 may imply
support for the hypothesis of a change in the population struc-
ture of Hib as a result of vaccine adaptation (20) that occurred
as each patient built up a protective anti-PRP antibody re-
sponse, but the isolate was distantly related to the major clone
detected by either PFGE or, to a less accurate extent, cap b
genotyping.
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