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Abstract

Background: Haemophilus influenzae serotype b (Hib) conjugate vaccine was introduced in France in 1992 as a 3 +
1 scheme at 2, 3, and 4 months (primary vaccination) with a booster at the age of 16–18 months. The vaccination
was simplified in 2013 to a 2 + 1 scheme at 2 and 4months (primary immunization) and a booster at the age of 11
months. The coverage was 95.4% in France at 24 months in 2017. During the period 2017–2019 the number of Hib
invasive infections increased with several cases of vaccine failure.

Methods: The numbers and proportions of Hib invasive isolates during the period 2017–2019 were compared and
vaccine failure cases were explored. A seroprevalence study was performed by measuring anti-polyribosyl-ribitol
phosphate (PRP) IgG concentrations by ELISA among children < 5 years of age at the time of sampling covering the
periods of the 3 + 1 or 2 + 1 schemes of Hib vaccination. A collection of residual 232 sera was tested (group 3 + 1
n = 130) and (group 2 + 1, n = 102) was used.

Results: Anti-PRP IgG concentrations were significantly higher in toddlers of 2 years (median 2.9 μg/ml) in the 3 + 1
group while these concentrations showed a median of 0.58 μg/ml among children in 2 + 1 group. The proportion
of children of 2 years of age who achieved 1 μg/ml threshold (56%) was higher in the 3 + 1 group than that
observed in the 2 + 1 group (25%). All the detected cases of vaccine failure received the 2 + 1 scheme and anti-PRP
IgG levels were less than 1 μg/ml at the admission. However, these levels increased significantly 1 month after the
admission suggesting a secondary immune response to the Hib infection.

Conclusions: The simplification of the vaccination to a 2 + 1 scheme seems to reduce the level of anti PRP IgG. Hib
antibodies wane rapidly after the 11 months booster and may not be enough to ensure long term protection.
Surveillance of cases and monitoring of titres need to be continued to inform future vaccination policy.
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Background
Haemophilus influenzae (Hi) is a Gram negative bacter-
ium that can be capsulated or non-capsulated. The
structure of the capsule polysaccharides allows dividing
the capsulated isolates into six distinct serotypes (Hi a to
f) while non-capsulated isolates correspond to non-
typeable isolates (NTHi). Hi is a commensal resident of
the respiratory and the genital mucosa. Asymptomatic
carriage of Hi in healthy children under 5 years is com-
mon (27.7%) varying between 73.2% in winter and 26.8%
in summer [1]. Hi isolates can be responsible for non-
invasive local infections (most frequently respiratory in-
fections) and invasive systemic infections that are de-
fined by the detection of Hi by culture and / or by
detection of Hi DNA in a normally sterile site. These in-
vasive infections are mainly septicaemia and meningitis
but also arthritis and epiglottitis. The incidence of con-
firmed cases of invasive infections in Hi in Europe was
0.7 cases per 100,000 in 2016 (0.5 in 2012) with an inci-
dence that varies between 0.0 and 3.6 per 100,000 people
in 2016 according to the country (France 0.9 per
100,000 people) [2]. NTHi isolates caused the majority
of cases in all age groups (78% of all cases for which typ-
ing results were available). Hif caused 11% of all cases
with known type. Hib ranked second among these iso-
lates with 6%. However, Hib were the most frequent
typeable isolates among children under the age of 5 years
[2]. Prior to routine immunization against Hib in the
early 1990s, Hib was the most prevalent cause of inva-
sive Hi disease (IHiD) among children. Studies suggested
that a serum anti-PRP antibody concentration of at least
0.15 μg/ml and 1.0 μg/ml might correlate with short-and
long-term protection respectively from invasive Hib dis-
ease [3]. In France, the Hib conjugate vaccine was intro-
duced into the routine childhood immunization
program in early 1992 as a 3 + 1 scheme at 2, 3, and 4
months (primary vaccination) and a booster at the age
of 16–18 months. The vaccination scheme was simplified
in 2013 to a 2 + 1 scheme at 2 and 4months (primary
vaccination) and a booster at the age of 11 months using
a hexavalent vaccine (against diphtheria, tetanus, pertus-
sis (acellular vaccine), poliomyelitis, Haemophilus influ-
enzae b, and hepatitis B). In 2017, the vaccine coverage
was estimated at 95.4% at the age of 24 months (https://
www.santepubliquefrance.fr/determinants-de-sante/
vaccination/donnees. Accessed 14/03/2020).
In France, in 2017, NTHi represented 75% of invasive

Hi isolates while Hif and Hib represented 10 and 7% re-
spectively. However, 50% of the Hib cases were among
children < 5 years old and represented 13% of Hi cases
among children < 5 years [4]. The proportion of Hib
cases among children < 5 years prompted enhancing sur-
veillance of Hib cases and conducting a seroprevalence
study to measure Hib antibodies in population before

and after changing the vaccination schedule. Enhancing
surveillance was also warranted as waning of immune
response was reported after vaccination schemes in in-
fants < 1 year with conjugate polysaccharide vaccines
against Neisseria meningitidis serogroup C as protective
titres fell to 36% 18months after vaccination [5]. Similar
observation was reported for Hib [6] and for several se-
rotypes of Streptococcus pneumoniae [7]. For example,
after primary vaccination at 2, 3, and 4 months of age,
antibody levels that were measured at 8, and 11months
declined for serotype 4 below the seroprotection level of
0.35 μg/ml [7].

Methods
Culture conditions and identification of H. influenzae
Surveillance of IHiD was previously reported with a case
definition that relies on the detection of Hi in sterile
sites. Typing of the isolates is performed at the National
Reference Centre for meningococci and Haemophilus
influenzae (NRCMHi) that has all permissions to access
the samples and the data. Full typing of isolates includ-
ing whole genome sequencing (WGS) was performed as
previously described [4]. Multilocus Sequence Typing
(MLST) scheme and sequence types (ST) were extracted
from WGS [8]. Genomic analysis was performed using
the Bacterial Isolate Genome Sequence Database
(BIGSdb) platform on PubMLST [9] and GrapeTree was
used to visualise the resulting distance matrices [10].
Data are available on https://pubmlst.org/hinfluenzae/
through filtering by country (France) and serotype (b) to
allow retrieving of WGS sequences in FASTA formats as
well as the ENA accession numbers.

ELISA-based concentration of anti-polyribosylribitol
phosphate (PRP) IgG
The anti PRP IgG were determined using the Kit accord-
ing to the instruction of the supplier (IBL INTER-
NATIONAL, Hamburg Germany. Kit Haemophilus
influenzae b IgG ELISA).

Sero-prevalence
We performed ELISA on a collection of 232 residual
sera from subjects < 5 years of age that were initially re-
ceived for diagnosis that is part of the routine primary
management of suspected invasive bacterial infections.

Statistical analysis
The individual IgG concentrations were analysed using
GraphPad InStat® version 3.06 (GraphPad Software, San
Diego, CA, USA). ELISA titres were compared using the
Medians values in the different subgroups and the per-
centages of subjects achieving the threshold of 0.15 μg/
mL and 1 μg/mL. Geometric means of IgG concentra-
tions as well as lower and upper 95% confidence
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intervals were also calculated for cases of vaccine failure.
Data were analysed using the Chi-squared test and
Mann-Whitney test was used for nonparametric test. A
P value of < 0.05 was considered to be statistically
significant.

Results
Evolution of invasive H. influenzae cases
The total number (n = 501) of invasive isolates of Hi
is depicted in Fig. 1 that showed an increase of the
total number between 2017 and 2019. The isolates
were of serotype a (n = 20; 4%), serotype b (n = 56;
11.1%), serotype c (n = 2; 0.4%); serotype d (n = 1;
0.2%), serotype e (n = 8; 1.6%) and serotype f (n = 49;
9.7%). The majority of the isolates (n = 365; 72.6)
were non-typeable. The number of cases due to sero-
type b isolates increased to reach 25 cases in 2019
with a total number of 56 Hib invasive isolates during
this 3-years period. Most of these Hib isolates (n = 37;
66.1%) were among children under 5 years of age
(median age of 0.8 that ranged between 0.2 years and
4.7 years. This was also observed for Hia invasive iso-
lates with 13 out of 20 isolates (65.0%) among chil-
dren under 5 years old during the 2017–2019 period.
However, Hif and non-typeable invasive isolates were
more frequently observed among subjects of 5 years
of age and older n = 29 out of 49 (59.2%) and n = 302
out of 365 (82.7%) respectively. Whole genome se-
quence (WGS) data were available for 55 of the 56
Hib isolates (98.2%) and showed that most of these
isolates belonged to the ST-6 (n = 32) and 21 other
isolates differed by 1, 2 or three loci from ST-6
(Fig. 2). Indeed, 53 isolates (96% of the sequenced
Hib isolates) can then be grouped in one clonal com-
plex (clonal complex ST-6). Only two isolates
belonged to two distinct ST (ST-280 and ST-836) that
both were detected in adult cases of Hib invasive
disease.

Vaccine failure among Hib cases
The high number (n = 37) and proportion (66.1%) of Hib
cases among children under 5 years of age during the
period 2017–2019 was unexpected. We checked the vac-
cination status of Hib cases. There were 24 children who
were vaccinated completely (n = 9) or partially (n = 15
with one or two doses) while the remaining 13 did not
receive any dose. There was no geographical clustering
of vaccine failure cases. The clinical presentations were
mainly meningitis (n = 16) followed by bacteraemia (n =
7) and one case of epiglottitis. All the 24 vaccinated
cases were vaccinated according to the new schedule
2 + 1 that was implemented in 2013 in France. They

Fig. 1 Distribution of Hib invasive cases in France during the period
2017–2019 according to the isolates received at the NRCMHi. Data
correspond to number of cases per age and per year

Fig. 2 GrapeTree based on the 7 MLST loci from 55 genome of Hib
invasive. The nodes were drawn to scale according to the number
of isolates and years are indicated by gray colours (indicated by the
pie chart) of each node. The ST corresponding to each node was
indicated inside the node. The branches between the nodes were
drawn to scale only for nodes that differ by no more than two loci

Fig. 3 Anti-PRP IgG titres for the 6 cases of vaccine failure among
children under the age of 5 years. Titres are given in μg/ml at the
admission and 1month post infection. The data represent each
individual tested serum as scattered points around the mean (solid
lines). The dotted lines indicate the threshold of 0.15 μg/ml and
1 μg/ml. P value was calculated using Mann-Whitney test
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were non premature with no known immunodeficiency.
These cases were distributed during this period as 2
cases in 2017 and 11 cases in each 2018 and 2019. We
next explored the levels of anti-PRP IgG among the
completely vaccinated children and obtained sera at the
admission from the 6 corresponding vaccine failures
with a complete 2 + 1 scheme.
The levels of anti-PRP IgG were lower than 1 μg/ml

among all the 6 vaccine failure cases (complete 2 + 1
scheme) with median and geometric mean of anti-PRP
IgG concentration of 0.43 μg/ml and 0.40 μg/ml (95% CI
0.16–0.98) Respectively (Fig. 3). The median age of these
6 children at the onset of the disease was 2.5 years old
and ranged between 1.2 years and 4.1. The median delay
between the third dose and the onset of the disease was
1.6 years and ranged between 0.3 and 3.2 years. Sera after
1 month of infection were available from four of these 6
patients with a significantly higher median (6.85 μg/mL)
and higher geometric mean of anti-PRP IgG concentra-
tion 6.59 μg/ml (95% CI 2.85–15.22; P = 0.01), indicated
a significant secondary immune response 1 month post
infection. All these data suggest that the vaccine failures
are most likely due to decline of IgG titres after the third
dose at the age of 11 months.

Sero-prevalence of anti-PRP IgG
The observation that all vaccine failures were among
children who were immunised according to the 2 + 1
schedule that was introduced since 2013 prompted the
exploration of the seroprevalence of anti-PRP IgG
among children under the age of 5 years. We used a col-
lection of residual 232 sera that were classified into two
groups according to the age: the first group (n = 130)
was composed of children borne before 2013 and named

“3 + 1 group” as this schedule was used before 2013. The
second group (n = 102) contained the children borne
since 2013 and corresponded to the “2 + 1 group”. Each
group was further divided into 6 subgroups according to
age at the time of sampling: < 6 months, 6–11 months, 1
year, 2 years, 3 years and 4 years of age (Fig. 4).
The median values of anti-PRP IgG were lower in the

2 + 1 group compared to those of the 3 + 1 group in all
the 6 subgroups. However, these values did not differ
significantly between the corresponding sub-groups ex-
cept for the two subgroups of children of 2 years of age.
The median values of anti-PRP concentrations for chil-
dren of 2 year of age were 2.9 and 0.58 for the 3 + 1 and
2 + 1 groups respectively (P = 0.047) (Fig. 4).
The proportion of children who achieved the threshold

of 0.15 μg/ml of anti PRP IgG (the putative threshold for
short-term protection from invasive Hib disease) were
also lower for the 2 + 1 group compared to those of the
3 + 1 group. This was also observed when the threshold
was 1 μg/ml of anti-PRP IgG (the putative threshold for
long-term protection from invasive Hib disease) and par-
ticularly for children of 2 years of age (56% versus 25%)
(Fig. 5). These data did not reach significant levels due
to small numbers in each subgroup. However, they still
suggest that the 3 + 1 group showed higher and more
persistent titres of anti-PRP IgG.

Discussion
Vaccination against Hib allowed the control of Hib in-
fections worldwide [11]. In France, the vaccination in
early 1992 resulted in a marked decline of 96% of Hib
disease among children aged < 5 years and the incidence
declined from 12 to 0.4 /100000 [12]. Hib meningitis be-
came rare among children in France Between 2001 and

Fig. 4 Distribution of values of anti-PRP IgG among children under
the age of 5 years. The data are shown as median values per age
group and per vaccination schemes (2 + 1 or 3 + 1) as indicated. The
number of children in each group is given in the table beneath the
Fig. P value was calculated using Mann-Whitney test. Only P value of
< 0.05 is shown for the group of 2 year of age

Fig. 5 Distribution of percentages of children under the age of 5
years who were vaccinated according to 2 + 1 or 3 + 1 schemes as
indicated in the Figure. Sera achieved the threshold of 0.15 μg/ml of
anti-PRP IgG are shown by the two curves at the top of the figure.
Sera or the threshold of 1 μg/ml are shown in the lower of
the figure
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2006, with only 36 cases in one series of 2539 cases of
bacterial meningitis [13].
However, the recent increase of Hib invasive cases in

France observed in this work in spite of high vaccine
coverage and the absence of any known risk factor raised
several questions. Indeed, all the Hib isolates in children
< 5 years of age belonged to the ST-6 or closely linked
STs as was already reported at the end of the twentieth
century for Hib isolates [8]. This observation suggests
that the isolates in our study did not differ from other
Hib isolates and particularly in children under the age of
5 years that were all of ST-6 or its derivatives. Our data
clearly showed that anti-PRP IgG titres did not peak
after a complete 2 + 1 (2, 4 and 11months) scheme that
was launched in 2013 and declined thereafter. At the op-
posite, the children who were immunised according to
the 3 + 1 scheme (2, 3, 4 months and a booster at 16–18
month) showed a peak at the age of 2 years. In parallel,
all cases of vaccine failure were observed among children
immunised according to the 2 + 1 schemes. High anti-
PRP IgG titres are directly associated with protection
and lead to a good control of invasive Hib infections as
reported in children under 10 years eligible for the 2003
and 2007 campaigns in the United Kingdom [14].
Two thresholds of serum concentration (0.15 and

1.0 μg/ml) of anti-PRP IgG are used to correlate anti-
PRP IgG with protection against Hib disease. These
thresholds were reported to be correlated with short and
long term protections respectively [3]. However, our
data from vaccine failure cases argue that the threshold
of 0.15 μg/ml is not sufficient for immediate protection.
The anti-PRP IgG level of at least 1 μg/ml may be more
suitable to predict protection. Our data further showed
that the levels of these antibodies after 1 month of infec-
tion increased significantly with a geometric mean of
concentration of 6.59 μg/ml. This important increase is
in favour of a memory-based secondary immune re-
sponse suggesting that vaccine failures are most likely
due to a decline of the immune response in children
immunised using the 2 + 1 scheme. The median interval
between the completion of the 2 + 1 vaccination and the
onset of the disease (1.6 years) is also in favour of “titre
decline” hypothesis.
Measuring antibody avidity and the isotype of these

antibodies can also add to the understanding of these
cases and to refine the hypothesis [3].

Conclusion
The simplification of anti-Hib vaccination in France in
2013 to a 2 + 1 scheme seems to be associated with
lower levels of anti PRP IgG. Hib antibodies also wane
rapidly after the 11months booster and may not be
enough to ensure long term protection. Seroprevalence

studies as performed in this work are required to inform
the decision making in choosing vaccination polices.

Abbreviations
IHiD: Invasive Haemophilus influenzae disease; Hib: Haemophilus influenzae
serotype b; MLST: Multilocus sequence typing; PRP: Polyribosylribitol
phosphate; WGS: Whole genome sequencing

Acknowledgements
This publication made use of the Haemophilus influenzae Multi Locus
Sequence Typing website (https://pubmlst.org/) developed by Keith Jolley
and sited at the University of Oxford. We also acknowledge the PIBNET-P2M
platform at the Institut Pasteur.

Authors’ contributions
AED and MKT designated the work with contribution of EH. AT, EH, MAT, MD
and MF who performed the experiments. AED, EH and MKT analysed the
data. MKT drafted the manuscript and all authors read, edited and approved
the manuscript.

Funding
The study was supported by the Institut Pasteur (024519) and Santé
Publique France (024598). All funding bodies had no role in the design of
the study and collection, analysis, interpretation of data and in writing the
manuscript. The authors are solely responsible for final content and
interpretation.

Availability of data and materials
Genomic data are available on https://pubmlst.org/hinfluenzae/. The data
that support the findings of this study are available on request from the
corresponding author [MKT].

Declarations

Ethics approval and consent to participate
Invasive H. influenzae isolates were sent to the National Reference Centres for
meningococci and Haemophilus influenzae (NRCMHi) as part of national
laboratory surveillance systems for invasive bacterial diseases. Residual sera
samples were initially received for diagnosis that is part of the routine
primary management of suspected invasive bacterial infections. According to
the French public health code (Art L1211–2, https://www.lexbase.fr/texte-de-
loi/57091269-art-l1211-2-code-de-la-sante-publique) informed consent (verbal
or written) is not required to perform non-genomic analysis on samples.
However, the patients and their guardians were informed on the secondary
use of their samples for research and they did not oppose to this use. The
written form of this non-opposition is sent to our laboratory. Data are anon-
ymised in the database of NRCMHi with no information allowing identifying
patients.

Consent for publication
Not applicable.

Competing interests
All authors declare no competing interests.

Received: 30 April 2020 Accepted: 15 July 2021

References
1. Ortiz-Romero MDM, Espejo-Garcia MP, Alfayate-Miguelez S, Ruiz-Lopez FJ,

Zapata-Hernandez D, Gonzalez-Pacanowska AJ. Epidemiology of
nasopharyngeal carriage by Haemophilus influenzae in healthy children: a
study in the Mediterranean coast region. Pediatr Infect Dis J. 2017;36(10):
919–23. https://doi.org/10.1097/INF.0000000000001625.

2. ECDC: European Centre for Disease Prevention and Control. Haemophilus
influenzae. In: In: ECDC Annual epidemiological report for 2016. Stockholm:
ECDC; 2018.

3. Granoff DM, Lucas AH. Laboratory correlates of protection against
Haemophilus influenzae type b disease. Importance of assessment of
antibody avidity and immunologic memory. Ann N Y Acad Sci. 1995;754(1
Combined Vacc):278–88. https://doi.org/10.1111/j.1749-6632.1995.tb44461.x.

Hong et al. BMC Infectious Diseases          (2021) 21:715 Page 5 of 6

https://pubmlst.org/
https://pubmlst.org/hinfluenzae/
https://www.lexbase.fr/texte-de-loi/57091269-art-l1211-2-code-de-la-sante-publique
https://www.lexbase.fr/texte-de-loi/57091269-art-l1211-2-code-de-la-sante-publique
https://doi.org/10.1097/INF.0000000000001625
https://doi.org/10.1111/j.1749-6632.1995.tb44461.x


4. Deghmane AE, Hong E, Chehboub S, Terrade A, Falguieres M, Sort M, et al.
High diversity of invasive Haemophilus influenzae isolates in France and the
emergence of resistance to third generation cephalosporins by alteration of
ftsI gene. J Inf Secur. 2019;79(1):7–14.

5. Trotter CL, Borrow R, Findlow J, Holland A, Frankland S, Andrews NJ, et al.
Seroprevalence of antibodies against serogroup C meningococci in England
in the postvaccination era. Clin Vaccine Immunol. 2008;15(11):1694–8.
https://doi.org/10.1128/CVI.00279-08.

6. Collins S, Litt D, Almond R, Findlow J, Linley E, Ramsay M, et al.
Haemophilus influenzae type b (Hib) seroprevalence and current
epidemiology in England and Wales. J Inf Secur. 2018;76(4):335–41.

7. van Westen E, Knol MJ, Wijmenga-Monsuur AJ, Tcherniaeva I, Schouls LM,
Sanders EAM, et al. Serotype-specific IgG antibody waning after
pneumococcal conjugate primary series vaccinations with either the 10-
valent or the 13-valent vaccine. Vaccines (Basel). 2018;6(4):82–91. https://doi.
org/10.3390/vaccines6040082.

8. Meats E, Feil EJ, Stringer S, Cody AJ, Goldstein R, Kroll JS, et al.
Characterization of encapsulated and noncapsulated Haemophilus influenzae
and determination of phylogenetic relationships by multilocus sequence
typing. J Clin Microbiol. 2003;41(4):1623–36. https://doi.org/10.1128/
JCM.41.4.1623-1636.2003.

9. Jolley KA, Maiden MC. BIGSdb: scalable analysis of bacterial genome
variation at the population level. BMC Bioinformatics. 2010;11(1):595. https://
doi.org/10.1186/1471-2105-11-595.

10. Zhou Z, Alikhan NF, Sergeant MJ, Luhmann N, Vaz C, Francisco AP, et al.
GrapeTree: visualization of core genomic relationships among 100,000
bacterial pathogens. Genome Res. 2018;28(9):1395–404. https://doi.org/10.11
01/gr.232397.117.

11. Jafari HS, Adams WG, Robinson KA, Plikaytis BD, Wenger JD. Efficacy of
Haemophilus influenzae type b conjugate vaccines and persistence of
disease in disadvantaged populations. The Haemophilus Influenzae study
group. Am J Public Health. 1999;89(3):364–8. https://doi.org/10.2105/AJPH.
89.3.364.

12. Georges S, Lepoutre A, Dabernat H, Levy-Bruhl D. Impact of Haemophilus
influenzae type b vaccination on the incidence of invasive Haemophilus
influenzae disease in France, 15 years after its introduction. Epidemiol Infect.
2013;141(9):1787–96. https://doi.org/10.1017/S0950268813000083.

13. Pop-Jora D, Dabernat H, Levy C, Lecuyer A, Cohen R, Grimprel E. Groupe
des Pediatres et Microbiologistes de l'Observatoire national des m:
[surveillance of Haemophilus Influenzae meningitis in children in France,
2001-2006]. Arch Pediatr. 2008;15(Suppl 3):S148–53. https://doi.org/10.1016/
S0929-693X(08)75498-8.

14. Ladhani S, Heath PT, Ramsay ME, Slack MP, Kibwana E, Pollard AJ, et al.
Long-term immunological follow-up of children with Haemophilus
influenzae serotype b vaccine failure in the United Kingdom. Clin Infect Dis.
2009;49(3):372–80. https://doi.org/10.1086/600292.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Hong et al. BMC Infectious Diseases          (2021) 21:715 Page 6 of 6

https://doi.org/10.1128/CVI.00279-08
https://doi.org/10.3390/vaccines6040082
https://doi.org/10.3390/vaccines6040082
https://doi.org/10.1128/JCM.41.4.1623-1636.2003
https://doi.org/10.1128/JCM.41.4.1623-1636.2003
https://doi.org/10.1186/1471-2105-11-595
https://doi.org/10.1186/1471-2105-11-595
https://doi.org/10.1101/gr.232397.117
https://doi.org/10.1101/gr.232397.117
https://doi.org/10.2105/AJPH.89.3.364
https://doi.org/10.2105/AJPH.89.3.364
https://doi.org/10.1017/S0950268813000083
https://doi.org/10.1016/S0929-693X(08)75498-8
https://doi.org/10.1016/S0929-693X(08)75498-8
https://doi.org/10.1086/600292

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Culture conditions and identification of H. influenzae
	ELISA-based concentration of anti-polyribosylribitol phosphate (PRP) IgG
	Sero-prevalence
	Statistical analysis

	Results
	Evolution of invasive H. influenzae cases
	Vaccine failure among Hib cases
	Sero-prevalence of anti-PRP IgG

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

