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Background. Haemophilus influenzae (Hi) serotype b (Hib) vaccination was introduced in Germany in 1990. This study presents a
comprehensive overview on the burden of invasive Hi infections for 2001-2016, including serotype distribution and ampicillin resistance.

Methods. Nationwide data from statutory disease surveillance (2001-2016) were linked with laboratory surveillance data
(2009-2016). Besides descriptive epidemiology, statistical analyses included multiple imputation to estimate secular trends.

Results. In 2001-2016, 4044 invasive Hi infections were reported. The mean incidence was 3.0 per million inhabitants, higher
in males (3.2 vs 2.9 in females) and in the age groups <1 year (15.2) and >80 years (15.5). Nontypeable Hi (NTHi) caused 81%
(n = 1545) of cases in 2009-2016. Of capsulated cases, 69% were serotype f and 17% serotype b. Of Hib cases eligible for vaccination,
10% (3/29) were fully vaccinated. For 2009-2016, significant increasing trends were observed for NTHi and Hif infections in the age
groups <5 years and >60 years and for ampicillin resistance in NTHi.

Conclusions. This is one of the most comprehensive Hi data analyses since the introduction of Hib vaccines. NTHi and Hif
cause an increasing disease burden among elderly patients and infants. Ampicillin resistance in NTHi must be considered in the

treatment of invasive Hi infections.
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BACKGROUND

Haemophilus influenzae (Hi) is a gram-negative bacillus [1]
that colonizes the human nasopharynx and may cause infec-
tions of the eyes, ears, and upper and lower respiratory tract.
Occasionally, serious systemic infections including pneumonia,
meningitis, and septicemia can occur. Six capsular serotypes
(a-f) can be distinguished from unencapsulated strains [2],
so-called nontypeable H. influenzae (NTHi). Hi serotype b
(Hib) has been particularly associated with invasive infections
[3-5]. Globally, the burden of invasive Hib disease is still signif-
icant especially in children [6]. However, the incidence of in-
vasive Hib cases has been drastically reduced in countries that
introduced Hib vaccination in the 1980s-1990s [7]. There is ev-
idence for an increase of NTHi infections, especially in the eld-
erly [8-12] and in newborn children [13-15]. However, robust
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data covering a large population over a long period of time
are scarce. Because aminopenicillins play a crucial role in the
treatment of Hi infections, resistance against these antibiotics
is of high relevance. Recent studies report a continuous rise of
aminopenicillin resistance, especially in NTHi [16].

Routine vaccination against Hib in infants has been recom-
mended by the Standing Committee on Vaccination (STIKO)
in Germany since 1990. The current vaccination schedule in-
cludes 3 (monovalent) or 4 (hexavalent) vaccinations at 2 [3], 4,
and 11-15 months of age with individual catch-up vaccination
before the age of 5 years. In 2017, vaccination coverage for a
completed series was 91.6% at school entry [17]. In addition,
vaccination against Hib is recommended for individuals with
anatomic or functional asplenia.

The aim of our study was to provide a comprehensive over-
view of the burden of invasive Hi infections in a large population
(>80000000) covering all age groups with an extended surveillance
period of 15 years. Special focus was laid on secular trends, serotype
distribution, age-specific incidences, and ampicillin susceptibility.

METHODS

Surveillance Data
In Germany, Hi isolated from blood and cerebrospinal
fluid (CSF) is notifiable according to the German Infection
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Protection Act since 2001. Laboratories notify the local
health authorities that transmit the pseudonymized in-
formation electronically via the respective state health au-
thority to the national public health institute, the Robert
Koch Institute (RKI). Since 2009, laboratories have been en-
couraged to submit clinical isolates to the German National
Reference Laboratory for Meningococci and H. influenzae
(NRZMHi) for species confirmation, serotyping, and anti-
microbial resistance surveillance. Local health authorities
are then informed by the NRZMHIi of the serotyping results
on a case-to-case basis. This allows immediate public health
measures, if necessary, and the transmitted results corrobo-
rate the notification data.

Anonymized national surveillance data for the years 2001-
2016 were extracted using the SurvNet@RKI software package
[18]. Case information included month/year of birth, sex, no-
tification week and year, county and state of residence, date of
disease onset, clinical presentation, vaccination status, and out-
come (survival/death). Using an automated algorithm, notified
cases were matched to the cases identified by the NRZMHI,
where species diagnosis was confirmed for the clinical isolates
during 2009-2016. Matching was based on identical sex, month/
year of birth, county and state of residence, <7 days between
date of illness onset and date of sampling, and the fact that it
was a unique match. For potential further matches, a manual
search was performed where cases needed to fulfill fewer cri-
teria. Serotype information was available from the NRZMHi.
Yearly data exchange between RKI and NRZMHi comprised
additional case information including ampicillin resistance. If
case information diverged between the 2 data sources, surveil-
lance data were favored over NRZMHIi case data, except for the
parameter capsule type. Due to German data protection laws,
information on date of birth is only available to the NRZMHi.
Life months for separate analysis of infants aged <12 months
was therefore provided by the NRZMHi.

Laboratory Testing

Species diagnosis of isolates from blood, CSE, or both submitted
to the NRZMHi was confirmed phenotypically by gram staining,
positive oxidase reaction, and factor-dependent growth on
BBL Hemo ID QUAD plates (BD, Heidelberg, Germany) and
genotypically by polymerase chain reaction (PCR) for the pres-
ence of the Hi-specific genes fucK or ompP2 [19, 20]. If both
genes were missing, sequencing of ompP6 was performed to ex-
clude H. haemolyticus [21]. Hi strains were serotyped by slide
agglutination (Remel, ThermoFisher Scientific, Braunschweig,
Germany), and capsulation was confirmed by PCR targeting
bexA as described previously [22, 23]. Antimicrobial suscep-
tibility to ampicillin was tested as published previously [22].
Minimal inhibitory concentrations (MICs) were determined
by gradient agar diffusion tests (Etest, bioMérieux, Niirtingen,
Germany) and interpreted using breakpoints of the European

Committee for Antibiotic Susceptibility Testing (EUCAST).
Additionally, nitrocefin tests (Fluka/Sigma Aldrich, St. Louis,
MO, USA) were performed on all isolates.

Statistical Analysis

Cases were stratified into the following age groups (in years):
<1,1-4,5-9,10-14, 15-19, 20-39, 40-59, 60-79, and >80. Signs
of meningitis were defined as 1 of the following: meningism,
altered mental status, bulging fontanella, or other signs of el-
evated intracranial pressure. Incidence data were calculated
based on 2001-2016 notification data and population estimates
from the Federal Statistics Office. Because reliable serotype
data were only available at the NRZMHi since 2009, analyses
regarding capsule types were restricted to the years 2009-2016.
Proportions and incidences were compared using the chi-
square test. For incidence rate ratios (IRRs), Poisson regression
was used with 95% Cls.

As reliable serotype data were missing for cases where no
Hi isolates had been submitted to the NRZMHIi, we used mul-
tiple imputation to create different versions of complete data
for 2009-2016. The different versions reflect uncertainty about
the missing information. Each version was created by sampling
from the results of an imputation model that quantified the as-
sociation of the serotype with the time of diagnosis (given by re-
porting year and week) and the age group of the patient. In the
second step, the secular trend was estimated by a Poisson model
in each version of the completed data, and then the results were
pooled using Rubin’s rules [24, 25].

For statistical analysis, STATA, version 14.1, was used, and
multiple imputation was performed using the mi commands.

RESULTS

Matching

Between 2001 and 2016, a total of 4044 Hi cases were re-
ported to the national disease surveillance system. Of 3253
cases that were reported between 2009 and 2016, 1910 (59%)
were able to be matched with invasive isolates that had been
sent to the NRZMHi. Of these, 8 were tested by the NRZMHi
to be Haemophilus spp. other than H. influenzae, resulting
in a total of 4036 reported cases and 1902 matched cases
for further analyses. For 6 (0.03%) matched cases, the sub-
mitted isolates were not culturable; therefore serotyping was
not possible. The proportion of matched cases increased
from 45% in 2009 to 63% in 2016 and was higher (74%-
86%) among 0-14-year-olds compared with >15-year-olds
(52-58%). The proportions of matched cases were some-
what higher when cases presented with septicemia (66%)
or meningeal signs (63%) than with pneumonia (58%). The
proportions of matched cases by federal state ranged from
26% in Bremen (34 cases; population 0.54 million) to 83%
in Baden-Wuerttemberg (481 cases; population 11 million).
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Of the 1902 submitted case isolates, 1726 (91%) were derived
from blood samples and 164 (8.6%) from CSE and in 12 cases
(0.6%) blood and CSF were submitted.

Disease Burden According to Age, Sex, and Serotype

The mean incidence for 2001-2016 for all federal states was
3.1/1 million, ranging from 1.9/1 million in Thuringia to 4.1/1
million in Berlin. Incidences were highest in <1-year-olds and
>80-year-olds (Table 1). Incidence was significantly higher in
males than in females overall and in the following age groups:
<1 year, 1-4 years, 15-19 years, 60-79 years, and >80 years
(all P < .05). The case fatality rate (CFR) was highest in the age
group >80 years, at 13.8%. The proportion of NTHi ranged
from 54.4% to 56.0% in the age group <10 years and from 75.0%
to 91.7% in the age group >10 years. Of the 351 cases that were
caused by capsulated strains, 241 (69%) were serotype f (Hif),
58 (17%) Hib, 45 (13%) serotype e (Hie), and 7 (2%) serotype
a (Hia). No reported and serotyped Hi cases occurred due to
serotypes c or d.

Imputation Model for Serotype

We chose a multinomial logistic model with Hib, Hie, Hif, or
NTHi as the categorical outcome. The probability distribu-
tion of serotypes changed over time and can be described by a
second-order polynomial. In particular, the proportion of NTHi
increased from around 70% to >80% and plateaued after 2013.
We found that using age group as an additional explanatory var-
iable improved the fit of the model, but there was no significant
interaction between age and calendar time. Reported symptoms
and mortality status of the patients were not significantly asso-
ciated with serotype distribution and, hence, were not included
in the imputation model.

Serotype Time Trends Per Age Group

Trends for Hib, Hie, Hif, and NTHi by age group were ana-
lyzed based on imputed data for 2009-2016 (Figures 1 and 2).
The imputation did not include Hia due to the small number
of cases (n =7). Hib incidences fluctuated in the age groups
<5 years, with the highest incidence of <5 cases/1 million pop-
ulation, but displayed no real overall trend. For the age groups
>5 years, incidences were continuously <1/1 million population
(Figure 1A). Trend analysis of Hie cases showed a slight increase
and decrease over the observed time period, with incidences
of <1/1 million population (Figure 1B). For Hif cases, analysis
displayed an overall yearly increase of 12% (IRR, 1.12; 95% CI,
1.06-1.20) that was caused by a continuous increase in the age
groups <5 years and >60 years (Figure 2A). Among >80-year-
olds, NTHi incidence increased from ~10 cases/1 million pop-
ulation in 2009 to 40/1 million population in 2015 (IRR, 1.42;
95% CI, 1.31-1.56). An increasing trend was also observed in
the age groups <1 year, 1-4 years, and 60-79 years, rising from
incidences <5 cases/1 million population to ~10 cases/1 mil-
lion, plateauing in 2015 (Figure 2B).

Clinical Presentation by Serotype

Clinical presentation differed by serotype and age group
(Figure 3). While in <4-year-old children Hib and Hif most
often caused signs of meningitis, septicemia was most often
seen in NTHi cases in this age group. In adults aged >40 years,
pneumonia and septicemia were the most common clinical
presentations in Hib, Hif, and NTHi cases. Other serotypes and
age groups are not displayed in Figure 3 due to small case num-
bers. Pneumonia was reported in 51% of Hie cases, septicemia
in 27%. For 9%, death was reported. Hia cases (n = 7) mainly
presented with septicemia (43%) or with pneumonia (29%); no
deaths were reported.

Table 1.
Reported Invasive Haemophilus influenzae Cases by Age Group in Germany

Incidence and Case Fatality Rate for 2001-2016 (n = 4036) and Serotyping Results (Serotypes a—f and Nontypeable) for 2009-2016 (n = 1896) of

Incidence (per 1 million inhabitants) Case Fatality, % Serotypes a—f NTHi

Age, y All Male Female No. % No. % No. %

<1 15.0 18.6 1.3 3/164 1.8 29 42.6 37 54.4
1-4 4.9 5.5 4.2 12/215 5.6 46 45.1 56 54.9
5-9 0.9 1.0 0.9 2/55 3.6 M 44.0 14 56.0
10-14 0.6 0.6 0.6 1/39 2.6 4 211 15 78.9
15-19 0.6 0.8 0.4 0/41 0 3 18.8 13 81.3
20-39 0.7 0.7 0.6 2/208 1.0 13 15.5 71 84.5
40-59 1.5 1.5 1.5 28/578 4.8 67 25.0 201 75.0
60-79 5.8 70 4.7 108/1572 6.9 135 176 629 82.2
>80 156.5 18.0 14.1 148/1069 13.8 43 77 509 91.7
Total 3.1 3.2 2.9 304/3941 77 351 18.5 1545 81.2

Denominator can differ depending on completeness of information.
Abbreviation: NTHi, nontypeable.
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Figure 1. Trend analysis for Haemophilus influenzae type b and type e by age group in Germany based on imputed data, 2009-2016.

Infant Cases Aged <12 Months

Of 90 reported infant cases in 2009-2016, 68 (76%) could be
matched with NRZMHi data. Of these, 36 (53%) were male
and 32 (47%) female; 21 (31%) cases occurred within the first
month of life, 27 (40%) between 1 and 5 months, and 20 (29%)
between 6 and 11 months. All infections occurring at <1 month
of age were caused by NTHi; 13/21 (62%) cases showed signs
of septicemia, and 2 (9%) died, 1 of them reportedly due to Hi
infection. For the age group 1-5 months, 11/27 (41%) cases
were caused by NTHi, 7 (26%) by Hib, 5 (19%) by Hif, and 2
(7%) each by Hia and Hie. The symptoms most often reported

were signs of meningitis (n = 7; 26%), followed by septicemia
(n =5; 19%) and pneumonia (n = 3; 11%). In the age group
6-11 months, 10/20 (50%) cases were caused by Hif, 6 (30%)
by NTHi, 3 (15%) by Hib, and 1 (5%) by Hie. The symptoms
most often reported were signs of meningitis (n = 8; 40%), sep-
ticemia (n = 5; 25%), and pneumonia (n = 4; 20%). In the latter
2 age groups, no deaths occurred.

Breakthrough Infections by Hib
Information on vaccination status was available for 29/35
(83%) Hib cases aged <27 years, who were eligible for Hib
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Figure 2.  Trend analysis for Haemophilus influenzae type f and nontypeable Haemophilus influenzae (NTHi) by age group in Germany based on imputed data, 2009-2016.

vaccination during childhood according to the STIKO rec-  Ampicillin Resistance

ommendation: 24/29 (83%) were unvaccinated, 3 (10%) For 1890/1902 (99%) isolates of matched Hi cases, ampicillin
had received a full course of vaccine (cases 1 and 2: 2 and  susceptibility was tested. Three hundred six of those (16%)
3 years of age, both with pneumonia, each had 4 vaccine  were ampicillin resistant. Among Hib isolates, 9% (5/57) were
doses; case 3: 17 years of age, meningitis and septicemia, se- ampicillin resistant, among Hif isolates 5% (12/237), among
vere preexisting neurological condition, 3 monovalent vac- Hie isolates 7% (3/45), and among Hia isolates 0% (0/7). For
cinations), and 2 (7%) were incompletely vaccinated (case NTHi isolates, ampicillin resistance could be observed in 19%
4: 3 months of age, arthritis and pneumonia, 1 vaccination; ~ (286/1544). During the observed time period, the proportion
case 5: 3 years of age, epiglottitis, 3 hexavalent vaccinations) of ampicillin-resistant NTHi isolates increased (Figure 5). The
(Figure 4). trend analysis for the proportion of ampicillin-resistant NTHi
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Figure 3. Proportions of Haemophilus influenzae—related symptoms and Haemaphilus influenzae—caused deaths for serotype b (Hib), serotype f (Hif), and nontypeable
Haemophilus influenzae (NTHi) by age groups <4 years and >40 years in Germany, 2009-2016. °Case data available for death status: 89 cases. "Case data available for death

status: 180 cases. “Case data available for death status: 1272 cases.

isolates showed an odds ratio (OR) of 1.11 (95% CI, 1.04-1.19;
P =.001) per year for 2009-2016.

DISCUSSION

Twenty-seven years after the introduction of Hib vaccination
into the childhood vaccination schedule, our analysis showed
that Hib has become a rare disease in Germany, with <5 cases
per 1 million inhabitants. In the prevaccine era, incidences in
<5-year-olds ranged between 200 and 500 per million inhabit-
ants in Europe [26]. During our study period, birth cohorts in
Germany ranged between 663 000 and 792 000 [27], and vacci-
nation coverage for a full vaccination series has been 92%-94%
since 2010 [28]. Nevertheless, only 35 cases of Hib infections
were reported. Of those, only 3 cases were due to breakthrough
infections in fully vaccinated individuals, whereas more than
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Figure 4.  Haemophilus influenzae serotype b cases aged <27 years with informa-
tion on vaccination status (n = 29), Germany, 2009-2016.

three-quarters of the cases occurred in unvaccinated persons in-
cluding infants that were too young for vaccination. The results
again highlight the effectiveness of Hib vaccination programs
with high vaccine coverage in preventing Hib disease.

Invasive Hi infections in Germany have been foremost caused
by NTHi, followed by Hif. Individuals aged >80 years were the
most affected age group with an Hi incidence of >15 per million
and a CFR of 14%. The observed shift toward a high burden of
disease in the elderly caused by NTHi is in line with findings
in other countries [29, 30], although German case numbers are
still at a low level [8, 29]. Our data also suggest an increasing
temporal trend in invasive NTHi and Hif infections in the age
groups >60 years. Reasons for the augmented case numbers
among the elderly may be found in prolonged life spans and
thus larger numbers of elderly individuals with more severe
comorbidities and waning immunity [31]. Because our data
did not systematically include information on comorbidities or

95% CI
95% CB

»  Annual proportion resistant
Trendline

Percentage resistant

2012 2013 2014 2015 2016

Year of diagnosis

2009 2010 2011

Figure 5.  Ampicillin-resistant nontypeable Haemaphilus influenzae (NTHi) cases
in Germany, 2009-2016 (n = 1544).
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immunosuppression/immunodeficiency, we were not able to
examine their potential influence on the observed increase.

Other factors contributing to the increase in NTHi cases
might be improvements in the quality of serotyping data of
NTHi. Hib may have been taken as a synonym for Haemophilus
influenzae in the prevaccine era, as serotyping was not always
carried out and Hib was the most prevalent type in that period.
Since 2009, the NRZMHi has been sending laboratory reports
to local public health offices on a routine basis. This resulted in
a rise in specimens submitted to the NRZMHi. Thus, notifica-
tion morale and disease awareness could have been improved.
In addition, changes in the management of notifications sup-
ported increasing notification rates. The German Infection
Protection Act was established in 2001, and notification, public
health action in controlling infectious diseases, and distinction
between the notions of Hi, Hib, and NTHi may have improved.
Nevertheless, the increasing trend of NTHi cases is following
developments in other countries and continued after stabiliza-
tion of submission rates.

It is open for debate whether disease clusters may contribute
to the high numbers of invasive NTHi infections. Disease out-
breaks have been reported sporadically, especially for nursing
homes [32]. However, public health authorities never reported
suspicious clusters of NTHi cases during the observation time.
A recent study revealed high diversity of NTHi in France [33].
Future analyses are needed to detect spatio-temporal clusters
that include genomic typing of NTHi.

Among the highly affected infants, one-third of these infec-
tions occurred in the first month of life. NTHi predominated
(95%) and led to a CFR of 9%. Increasing numbers of invasive
NTHi infections in newborns [13, 14, 34] and an association
with high case fatality [15] have been documented before and
have become the focus of interest of recent studies [15, 35]. To
further assess the burden of invasive Hi disease in neonates and
to identify potential risk factors—such as preterm birth, status
of vaginal colonization of the mother, birth mode, or maternal
age—prospective multicenter studies are needed. This could
help to implement preventive measures. In the second half of
the first year of life, most invasive Hi infections in our popu-
lation were caused by Hif, and predominant symptoms shifted
from signs of septicemia to signs of meningitis. Deaths did not
occur. However, it needs to be noted that our overall case num-
bers in infants were relatively low, and these results need to be
interpreted carefully.

Besides high incidences of invasive NTHi infections, Hif
was the most frequent serotype causing invasive disease during
the observation period. This finding, as well as the increasing
trend of Hif, particularly in the elderly, is consistent with devel-
opments in other countries [11, 12]. The dominance of NTHi
and increasing trends of Hif raise the question of whether the
introduction of Hib vaccination has led to a gradual serotype
replacement. However, invasive infections due to NTHi and Hif

seem to have a different disease nature than the ones caused
by Hib. Hib used to attack mainly children and could manifest
as epiglottitis, meningitis, and septicemia. By contrast, Hi is
most prevalent in elderly patients and, to a lesser extent, in neo-
nates by most frequently causing septicemia. In line with these
speculations, an analysis of European data from 2000-2004 did
not show signs of serotype replacement [36]. Furthermore, our
analysis shows that infections with different Hi serotypes may
cause different symptoms in different age groups: Meningeal
signs were the most common symptom for Hib and Hif, whereas
septicemia was the predominant manifestation for NTHi in the
<5-year-olds. In individuals aged >40 years, Hib, Hif, and NTHi
most frequently caused pneumonia.

Infections due to Hie were relatively rare and comparable
to the case numbers of Hib infections. This is in line with re-
ports from other European countries [13] and overseas [37-39].
Consistent with the epidemiology in other European countries,
Hia was a rarity in Germany [12, 13]. This stands in contrast
to the epidemiologic situation in Canada and the United States
(40, 41], where Hia incidences are particularly high in the in-
digenous population [42].

Similar to data from Europe [12], we did observe gender
differences in Hi incidences. Male individuals among young
children (<5 years), teenagers (15-19 years), and the elderly
(>60 years) were significantly more often affected. Findings
from the United States, however, show that females are more
often affected, although gender differences varied between age
groups [43]. The reasons for and importance of this finding re-
main unclear.

Finally, our study provides information relevant to the
antibiotic treatment of invasive Hi infections. Because
aminopenicillins are first-choice antibiotics, monitoring of re-
sistance to these antibiotics is important. Our data show an
increasing trend in ampicillin resistance overall since 2009 and
especially since 2012. This trend is due to an 11% increase in
resistance of NTHIi strains per year since 2009. These observa-
tions support common recommendations of combined antibi-
otic treatment using both third-generation cephalosporines and
aminopenicillins for the empirical treatment of severe diseases
such as meningitis potentially caused by Hi [44].

Our study had some limitations. The observation period of
8 years for analysis of cases with serotype information might
not have been sufficient to generate reliable statements on strain
time trends. Therefore, further trend analyses in future years
might have to be awaited to see if the trends described here
continue. Furthermore, because our data lacked information
on comorbidities and immunosuppression/immune-deficiency,
we could not analyze whether there is an association between
the increasing number of NTHi infections in the elderly and
these factors. Finally, our strain analysis is partly based on im-
putations because there was no strain information available for
all cases. As we saw a difference in the percentage of available
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strain analysis by region (range of isolates matched per federal
state, 26%-83%) and age group, imputations might have intro-
duced a bias. However, there is no evidence that relevant re-
gional differences in Hi strain distribution in Germany exist.
As a higher proportion of cases in younger age groups could be
matched, and as in these age groups infections were more often
caused by encapsulated strains than in older age groups, the
increasing trend for NTHi especially might have been under-
estimated in our findings.

In conclusion, our findings indicate that the Hib vaccination
strategy in Germany is highly effective to prevent Hib infec-
tions in young children and needs no adaptation at the mo-
ment. However, NTHi and Hif are responsible for an increasing
burden of disease, especially in the elderly and infants. In con-
nection with rising ampicillin resistance rates in NTHi, it might
be warranted to look into the development of an NTHi vaccine
that could prevent an increasing burden of disease with a CFR
of up to 14%.
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