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We determined the seroprevalence of protective antibodies against Hib in Mexican children under the age
of five using a standardized enzyme-linked immunosorbent assay. Hib antibodies (>0.15 �g/ml) were present
in 95.34% (�1.14% [seroprevalence � standard error]) of samples. Fewer children aged 30 to 47 months had
protective Hib antibody levels (91.45% � 2.60%) than children from 12 to 29 and 48 to 59 months (97.3% �
1.34% and 97.44% � 1.80%, respectively).

Infection caused by Haemophilus influenzae type b (Hib)
remains one of the leading causes of invasive bacterial infec-
tion in children less than 5 years of age in countries where the
Hib vaccine is not used (28). Due to the availability of Hib
conjugate vaccines (Hib-CV), universal routine infant Hib im-
munization has proven to reduce Hib invasive disease (1, 10,
16, 18, 27). This protection is afforded through direct vaccine
protection and indirectly through herd protection produced by
decreased nasopharyngeal carriage of Hib in the community
(10, 11, 15, 26).

In Latin America, Uruguay became the first country, in
1994, to introduce Hib-CV in their routine immunization pro-
gram, followed by Chile in 1996 (6). By 1998, with the support
of the Pan-American Health Organization (PAHO) revolving
fund for joint purchases of vaccine, more than 15 other coun-
tries in Latin America and the Caribbean integrated the Hib
vaccine. In 1999, Mexico was the first country to introduce Hib
vaccination using the pentavalent combination (DTP-HB/Hib)
vaccine in a three-dose schedule alone (2, 4, and 6 months of
age) (5, 9, 22).

In 2006, the World Health Organization (WHO) put for-
ward a position paper demonstrating that the administration of
a Hib booster dose during the child’s second year of life may
provide additional protection (28). PAHO is currently assisting
four countries to determine the usefulness of a booster dose in
order to adapt routine immunization programs in Latin Amer-
ica and the Caribbean (6).

Given the increasing reemergence of invasive disease due to

Hib in some settings, we were interested in assessing the per-
sistence of protective titers against Hib in sera from children
younger than 5 years of age born after the introduction of
Hib-CV into the universal immunization schedule in Mexico in
1999.

Thus, we employed sera obtained from the nationally rep-
resentative cross-sectional Mexican Health and Nutrition Sur-
vey 2006 (17). To assess the seroprevalence of protective an-
tibody titers among children in the sample, a single blood
sample was drawn from participants, and the serum was frozen
at �150°C until analysis. From a total of 2,473 available sera
from children between 12 and 60 months of age, we selected
343 samples (95% confidence interval [CI], �5%), considering
a minimum of 73 sera for each age stratum (12 to 23, 24 to 35,
36 to 47, and 48 to 59 months). The first stratum was overrep-
resented in order to evaluate children 12 to 17 months and 18
to 23 months of age separately. The complete-3-dose-schedule
vaccine coverage was 92%. Hib anti-polyribosylribitol phos-
phate-specific antibody (anti-PRP antibody) IgG classes were
quantified using a standardized enzyme-linked immunosorbent
assay (ELISA) at the Immunology Laboratory, Hospital Dr.
Hernán Henríquez Aravena, in Temuco, Chile (7). The sera
were titrated against an international Hib reference serum with
a known antibody concentration (lot 1983; Center for Biologics
and Evaluation Research, U.S. FDA). The specific HbOHA
antigen for ELISA was kindly donated by M. Nahm from the
WHO laboratory at the University of Alabama, Birmingham.

The outcome was the Hib antibody titers at the various
serum-sampling time points and whether these values were at
least 0.15 �g/ml (the putative protective level) or more than
1.00 �g/ml, which is considered predictive of longer-term pro-
tection (11). The Hib antibody concentrations were stratified
into four categories: �0.15 �g/ml, 0.15 to 1.0 �g/ml, 1.01 to 5.0
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�g/ml, and �5.01 �g/ml. The groups of children were stratified
according to age in months. Eight groups were constructed for
the analysis (Table 1). The analysis was carried out by estimat-
ing the seroprevalence and standard error at 95% (�SE). Age
groups were compared using the chi-squared test (95% confi-
dence interval and one tail). Statistical analyses were executed
using SPSS 15.0. The study was approved by the Institutional
Review Board of the National Institute of Public Health,
Cuernavaca, Mexico.

Among the children studied, the overall Hib seroprevalence
of protective antibody titers (�0.15 �g/ml) was 95.34%
(�1.14%), with 16 children (4.66% � 1.14%) being seroneg-
ative for Hib. Table 1 depicts the Hib antibody titers stratified
by all age groups. The groups aged 30 to 35, 36 to 41, and 42
to 47 months had the largest proportions of children seroneg-
ative to Hib (8.1, 8.3, and 10.4%, respectively). When all chil-
dren in the study were grouped into three different age stra-
tums, 12 to 29, 30 to 47 and 48 to 59 months, the group aged

30 to 47 months had a statistically significantly smaller propor-
tion with Hib-protective antibody titers (91.45% � 2.60%)
compared to the groups aged 12 to 29 and 48 to 59 months
(97.3% � 1.34% and 97.44% � 1.80%, respectively) (Fig. 1A).

The highest Hib antibody concentrations (�5.0 �g/ml) were
found among 44 children (12.8% � 1.81%) from the entire
population evaluated. The groups that were 12 to 17 months of
age and 18 to 23 months of age demonstrated proportions of
19.6% and 17.7%, respectively, that had the highest antibody
titers (Table 1). When we analyzed the entire group of children
by dividing them into two groups, aged 12 to 23 months and 24
to 59 months, we found that 18.52% of the 12- to 23-month-old
group had the highest antibody titers (�5.0 �g/ml; P �
0.0163), statistically significant compared to 10.21% in the 24-
to 59-month-old group (Fig. 1B).

Hib-CV, when incorporated into routine infant immuniza-
tion schedules, has been demonstrated to have a major impact
in different settings in decreasing the rates of invasive disease
(1, 10, 16, 18, 27). A booster dose may offer the opportunity to
have effector memory ready to offer protection for infectious
diseases with short incubation periods, such as that caused by
Hib, and where central memory responses require at least 7
days to be detected (2).

In Mexico, the decision to use the combination pentavalent
vaccine, beginning in 1999, was reached after documenting that
high anti-PRP antibody concentrations were reached 1 month
after vaccination, with 100% of subjects considered to be se-
roprotected in the combined vaccination group (antibody con-
centrations of �0.15 �g/ml), versus 99.4% in the separate-
injection vaccination group (9, 26). The use of other
combination formulations of the Hib vaccine, including the
pentavalent formulation with acellular pertussis (aP) and in-
activated polio vaccine (IPV), known in Mexico as acellular
pentavalent (DTaP-IPV/Hib), has been demonstrated to be
effective in other settings as well (3, 4, 12–14).

However, this study showed that, despite the high reported
Hib vaccination coverage in Mexico, there is a significant re-
duction of vaccine-induced seroprotection against Hib in the
group aged 24 to 59 months, particularly among those children
30 to 47 months of age. This reduction in seroprotective titers
suggests the potential need for providing one booster dose to
prevent the threat of reemergence of Hib in children from 2 to
5 years of age, as has occurred elsewhere (5, 6, 8, 19, 23–25).
The risk of Hib invasive disease occurs mostly during the first
2 years of life, but the risk remains for those between the ages
of 24 and 59 months (9). Our findings support reports demon-
strating decreased vaccine effectiveness associated with waning
protective titers against Hib (20). The increasing use of
Hib-CV and the removal of opportunities for natural boosting
mean that maintaining long-lived immunity to Hib remains a
significant challenge. These were some of the reasons behind
the 2005 recommendation from the National Vaccination
Council in Mexico to move from a three-dose regimen to a
4th-dose Hib schedule through an acellular pentavalent vac-
cine (DTaP-IPV/Hib), starting its implementation in 2007 (21).
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TABLE 1. Hib anti-polyribosylribitol phosphate-specific antibody
levels among 343 children stratified by age group, using sera

from the Mexican Nutritional Survey conducted in 2006

Age
(mo)

No. in
group

No. (%) with antibody level (�g/ml) of:

�0.15 0.15–1.0 1.01–5.0 �5.0

12–17 46 1 (2.2) 22 (47.8) 14 (30.4) 9 (19.6)
18–23 62 2 (3.2) 35 (56.5) 14 (22.6) 11 (17.7)
24–29 40 1 (2.5) 23 (57.5) 12 (30.0) 4 (10.0)
30–35 37 3 (8.1) 22 (59.5) 8 (21.6) 4 (10.8)
36–41 32 2 (8.3) 21 (65.6) 6 (18.8) 3 (9.4)
42–47 48 5 (10.4) 23 (47.9) 15 (31.3) 5 (10.4)
48–53 48 1 (2.1) 31 (64.6) 11 (22.9) 5 (10.4)
54–59 30 1 (3.3) 14 (46.7) 12 (40.0) 3 (10.0)

Total 343 16 (4.7) 191 (55.7) 92 (26.8) 44 (12.8)
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