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Objective: The 23 French Regional Pneumococcal Observatories (ORPs) analyzed antibiotic resistance and
serotypes of Streptococcus pneumoniae strains isolated from invasive infections in France over a 12-year
period.
Methods: Between 2009 and 2021, the ORPs analyzed 19,319 strains, including 1,965 in children and
17,354 in adults. Strains were assessed for their resistance to penicillin G, amoxicillin and cefotaxime.
Serotypes were identified in collaboration with the National Reference Centre.
Results: During this period, the number of strains collected yearly decreased significantly. The decrease
was particularly pronounced up until 2013, especially in children (-61.0%). However, penicillin non-
susceptible strains (PNSPs) increased in children (24.7% in 2009 vs 45.0% in 2021, p < 0.0001) and in
adults (27.1% in 2009 vs 31.3% in 2021, p < 0.05), as well as resistance (I + R) to amoxicillin (children:
12.5% in 2009 vs 19.4% in 2021, p < 0.05; adults: 13.4% in 2009 vs 14.5% in 2021, NS) and resistance
(I + R) to cefotaxime (children: 8.0% in 2009 vs 13.1% in 2021, p < 0.05; adults: 7.1% in 2009 vs 11.9%
in 2021, p < 0.0001). All in all, the proportion of strains belonging to serotypes present in the PCV13 vac-
cine has fallen sharply, from 64.8% in 2009 to 23.6 % in 2021. At the same time, serotypes such as 8, 10A,
11A, 15B/C and 9N, not included in PCV13, were increasing.
Conclusion: During the study period, data collected by the network highlighted an increase of invasive
PNSPs in children and non-vaccine serotypes. Surveillance of resistance and serotypes remains instru-
mental, particularly to monitor the evolution of vaccine efficacy.
1. Introduction

Streptococcus pneumoniae is a commensal bacterium of the
oropharyngeal microbiota colonizing the upper respiratory tract
of children and adults. S. pneumoniae infections are frequent and
mostly community-acquired. In France, invasive pneumococcal
diseases (IPD) represent the leading cause of community-
acquired bacterial pneumonia and meningitis in adults, and esti-
mated mortality ranges between 10 and 30% [1]. Although both
children and adults might be affected, the incidence is higher in
infants and people over 65 years of age [2,3].

In 2001, the percentage of pneumococci with decreased suscep-
tibility to penicillin G (PDSP) isolated from IPD reached its highest
rate in France, with an overall proportion of 47.3%, reaching 50.7%
in children [4]. At the end of that year, the French national plan
went into effect, aiming to rationalize the use of antibiotics and
to preserve their effectiveness, associating them with vaccination
of young children with the 7-valent pneumococcal conjugate vac-
cine (PCV7, containing serotypes 4, 6B, 9V, 14, 18C, 19F, 23F) which
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was initiated in 2003. It enabled decreased incidence of S. pneumo-
niae isolates resistant to antibiotics and of invasive infections due
to vaccine serotypes [5]. However, starting in 2005 increased inci-
dence of IPD due to serotypes not contained in PCV7, particularly
serotypes 7F and 19A, was observed [6–8]. It led to the introduc-
tion in 2010 of the 13-valent pneumococcal conjugate vaccine
(PCV13, containing PCV7 serotypes + additional serotypes 1, 3, 5,
6A, 7F, 19A) for all children under 2 years of age. From 2011, pri-
mary vaccination coverage of PCV13 exceeded 90% in 9-month-
old children [9]. Since January 1st, 2018, this vaccine is mandatory
for children, and administered from the age of 2 months. Coverage
at 8 months of age with at least one dose of vaccine for children
born in the first trimester of 2021 was estimated at 99.7% [10].
In addition, a 23-valent pneumococcal polysaccharide vaccine
(PPV-23, containing serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A,
11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F and 33F) is avail-
able in France. This vaccine is indicated for immunocompromised
patients and for those with an underlying disease associated with
specific risks of IPD (aspleny, congenital heart disease, chronic
obstructive pulmonary disease, severe asthma, renal failure,
chronic liver disease, unbalanced diabetes, osteo-meningeal
breach. . .).

The need to assess the impact of pneumococcal vaccination on
serotype distribution and the evolution of pneumococcal resis-
tance to antibiotics warranted increased epidemiological surveil-
lance at the national level [11–14]. To carry it out, the French
Regional Pneumococcal Observatories (Observatoires Régionaux
du Pneumocoque, ORP), created in 1995, and working in collabora-
tion with the National Reference Center for Pneumococci and Pub-
lic Health France, set up a network of 323 biological laboratories
(78% public laboratories and 22% private laboratories) which serve
418 health facilities throughout mainland France [11].

In this paper we present the results of resistance and serotype
surveillance of pneumococci isolated in IPD between 2009 and
2019 in France.
2. Material and methods

2.1. Collection of strains

Every odd year from January 1, 2009 to December 31, 2021, all
pneumococcal strains isolated from cerebrospinal fluid (CSF) or
blood culture were included in the study. For patients with several
isolates, only the one isolate from the CSF was retained. Patients
aged at least 16 years were defined as adults, and those aged under
16 years were defined as children.
2.2. Susceptibility to antibiotics

The minimum inhibitory concentrations (MIC) of penicillin G
(PEN), amoxicillin (AMX) and cefotaxime (CTX) were determined
by the coordinating centers (composed of 253 public and 70 pri-
vate laboratories) of the Regional Pneumococcal Observatories
according to the reference method (dilution in agar medium until
2015, and then microdilution in a liquid medium (Sensititre –
ThermoFisher) from 2017). Strains were categorized as susceptible
or resistant according to breakpoints of 0.06 and 2 mg/L for PEN,
and 0.5 and 2 mg/L for AMX and CTX. A penicillin MIC > 0.064 m
g/L defined the pneumococci with decreased susceptibility to
PEN (PDSP) [15]. Susceptibility to erythromycin (ERY), cotrimoxa-
zole (SXT) and norfloxacin (NOR) was evaluated in each participat-
ing laboratory by the methods used routinely, according to CA-SFM
- EUCAST (Comité de l’Antibiogramme de la Société Française de
Microbiologie - European Committee on Antimicrobial Susceptibil-
ity Testing) guidelines [15]. Susceptibility to pristinamycin was
2

assessed from 2017. Three reference strains, R6WT (wild pheno-
type), ATCC49619 (PDSP) and 32475 (PDSP), provided by the
National Reference Center for Pneumococci, served as quality
controls.

2.3. Serotyping of strains

Every odd year, all strains isolated from CSF in adults and chil-
dren, from blood in children and a random sample of strains iso-
lated from blood in adults (1 strain out of 5 on average over the
10 years of study) were sent to the National Reference Center for
Pneumococci for serotyping using antisera (Statens Serum Institut,
Copenhagen, Denmark).

2.4. Statistical analysis

Statistical analysis was performed using SAS version 9.1.3.,
issued by SAS (version 9.1.3., SAS Institute, Cary, USA). Statistical
analysis was performed using thev2-test for trends; a p value < 0.05
was considered significant.
3. Results

Between 2009 and 2021, the 23 ORPs studied 19,319 pneumo-
coccal strains isolated from invasive infections (meningitis and/or
bacteremia), including 1965 strains (10.2%) in children and
17,354 (89.8%) in adults. The distribution of the strains analyzed
by the ORP during the study period is presented in Fig. 1. The med-
ian number of strains collected by each ORP over this period was
748, with extremes ranging from 202 to 1786. For each year of
study, the recruitment of strains by each ORP remained stable.

Between 2009 and 2015, the total number of strains collected
decreased significantly, by 49.2% (from 4272 strains to 2167,
p < 0.05). This drop was particularly significant in children, with
a 67.8% decrease (from 575 strains to 185 – Fig. 2-A). In adults,
the number of strains isolated from IPD during that period
decreased by 46.4%, from 3,697 1,982 (p < 0.05) (Fig. 2-B). Between
2015 and 2019, the number of strains analyzed remained stable,
declining in 2021 at the time of the COVID pandemic (�22.3%
between 2019 and 2021 in children; �46.0% between 2019 and
2021 in adults).

3.1. Susceptibility to antibiotics

The susceptibility of pneumococcal strains to antibiotics is dis-
played in Table 1 and Table 2. During the full study period (2009–
2021), the proportion of PDSPs isolated in a context of meningitis
increased by 22.2% in children (from 29.2% to 51.4%, p < 0.05)
and by 20% in adults (from 26.1% to 46.1%, p < 0.0001) (p < 0.05).
With regard to strains isolated in blood cultures, the PDSP rate in
children increased from 23.7% to 43.1% (+19.4%, p < 0.0001), and
less pronouncedly in adults from 27.2% to 29.8% (+2.6%,
p < 0.0001).

Regarding strains resistant to AMX isolated from CSF (MIC > 0.
5 mg/L), the changes were similar during the full study period,
with an increase from 13.2% to 29.7% (+16.5%, p < 0.05) in children,
and a slight increase from 14.2% to 20.0% (+5.8%, NS) in adults.
Between 2009 and 2021, the frequency of strains not susceptible
to AMX (MIC > 0.5 mg/L) isolated from blood cultures increased
from 12.4% to 16.3% (+3.9%, NS) in children and from 13.3% to
13.9% (+0.6%, NS) in adults.

Regarding CTX, the frequency of resistant strains (MIC > 0.5 mg/
L) isolated from CSF in children increased slightly, from 7.5% to
16.2% (+8.7%, NS), with only 1 strain in 2019 exhibiting a MIC of
4 mg/L. Regarding strains isolated from blood cultures in children,
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the proportion of non-susceptible strains (MIC > 0.5 mg/L)
increased from 8.1% to 12.2% (+4.1%, NS), with 2 resistant strains
with a MIC of 8 mg/L. The proportion of strains isolated from CSF
in adults and not susceptible to CTX (MIC > 0.5 mg /L) increased
from 6.1% to 16.5% (+10.4%, p < 0.001), with 9 CTX-resistant strains
with a MIC � 4 mg/L, 2 being isolated in 2021. The frequency of
strains isolated from blood cultures and not susceptible to CTX
(MIC > 0.5 mg/L) likewise increased, from 7.2% to 11.4% (+4.2%,
p < 0.0001), with 28 resistant strains (MIC � 4 mg/L).

With regard to the other antibiotics assessed, between 2009
and 2021 the percentage of strains resistant (I + R) to ERY increased
slightly in children (from 23.8% to 28.8%, NS), and fell in adults
(from 29.3% to 22.7%, p < 0.0001). Similar results were observed
for resistance (I + R) to SXT between 2009 and 2021, as the rate
in children increased from 15.0% to 17.6% (NS) and decreased in
adults from 15.3% to 9.2% (p < 0.0001). Finally, concerning resis-
tance to NOR between 2009 and 2021, the rate in children fell from
28.7% to 1.9% (p < 0.0001) and in adults from 29.7% to 1.8%
(p < 0.0001). Only 4 unrelated pristinamycin-resistant strains were
isolated, all of them in 2017.
3.2. Serotype distribution

A total of 7875 S. pneumoniae strains isolated from invasive
infections in adults (n = 6054) and children (n = 1821) were sero-
typed during the study period (Figs. 3 and 4). Between 2009 and
2021, the rate of serotypes present in PCV13 decreased signifi-
cantly, from 64.8% to 23.6%, (p < 0.05).

In children, this decrease was more pronounced, with a disap-
pearance of serotypes 1 and 7F (23.6% and 21.4% in 2009, respec-
tively, vs 0% in 2021 for both), and a significant decrease of
serotype 19A (19.6% in 2009 vs 2.6% in 2021) (Fig. 3). Although
included in PCV13, the serotype 3 kept circulating, with 5.2% in
2009 and 3.9% in 2021. During this period, an increase of serotypes
8, 10A, 11A, 15B/C, 33F, particularly 24F, none of them included in
the PCV13 vaccine, was observed. The highest increase was
observed for 24F serotype, ranging from 3.7% in 2009 to 15.6% in
Fig. 1. Distribution between 2009 and 2021 of pneumococcal strains a
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2021. This growth was particularly pronounced in the 0–23-
month age group (5.2% vs 18.1%) and 2–5 years (4.3% vs 14.9%).
In 0–23 months, serotypes 8 and 11A, absent in 2009, both repre-
sented 6.4% of the strains in 2021. Finally, other serotypes emerged
in the 0–23-month age group: 10A (1.2% vs 10.6%), 15B/C (2.8% vs
8.5%), 23B (0.4% vs 3.2%) and 33F (2.4% vs 6.4%).

Among the 2–5-year age group, no vaccine serotype was clearly
dominant. Regarding non-vaccine serotypes, 24F increased by
10.6% (4.3% vs 14.9%). The 15B/C serotype emerged (from 0.7% to
8.5%). The other serotype that increased significantly in this age
group was 10A (0.7% vs 12.8%; p < 0.005) but in 2021, only 47
strains were serotyped in this age group.

Finally, among the 6–15-year age group, among the non-
vaccine serotypes, 8 showed the greatest increase, from 0% to
16.7% between 2009 and 2021, followed by 9N (1.9% vs 8.3%) and
33F (0.6% vs 8.3%). In 2021, only 12 strains in this age group were
isolated and serotyped.

In adults, a decrease in the PCV13-included serotypes was like-
wise observed, in particular serotypes 7F (15.4% vs 0.0%) and 1
(7.5% vs 0.0%), which disappeared, and 19A (10.8% vs 4.9%)
(Fig. 4). Of note, serotype 3 remained predominant among the vac-
cine serotypes (9.4% vs 12.5%), with the majority of strains isolated
from patients over 65 years of age. Serotypes, 8, 9N, 10A and 11A,
not included in PCV13 but included in PPV23, increased during the
study period.
3.3. Serotype and resistance

Among the strains whose serotype is included in PCV13, among
those isolated from CSF (n = 576), the rate of strains I + R at CTX
was 14.4% (vs 6.9% overall) and mainly involved strains of sero-
types 19A and 19F (n = 231), of which 29.0% of the isolates had a
MIC > 0.5 mg/L (Fig. 5). For those isolated from blood culture and
whose serotype is included in PCV13 (n = 2,386), the frequency
of strains I + R to AMX was 19.3% (vs 11.4% overall), and involved
mainly serotypes 14, 19A and 19F (Fig. 6).
nalyzed by the 23 Regional Pneumococcal Observatories, France.



Fig. 2. Evolution between 2009 and 2021 of the number of pneumococcal strains isolated from cerebrospinal fluids (in blue) and blood cultures (in green), A: in children; B: in
adults. Data from the Regional Pneumococcal Observatories network, France.

C. Plainvert, E. Varon, D. Viriot et al. Infectious Diseases Now 53 (2023) 104632
Concerning serotypes 8, 9N, 10A, 11A, 15A, 15B/C 23B, 24F and
33F, known as ‘‘emerging” in children and/or in adults during the
study period, the frequency of decreased susceptibility to AMX or
CTX was low, with the exception of serotype 11A.
4. Discussion

The surveillance of strains involved in IPD is essential to assess
the impact of pneumococcal vaccination, adapt the vaccine for-
mula according to emerging serotypes and, if necessary, change
the recommendations for the management of these infections
according to the evolution of resistance. In conjunction with the
National Reference Center for Pneumococci and the French agency
of Public Health, the ORPs constitute an essential nationwide net-
work, monitoring the evolution of resistance and the distribution
of pneumococcal serotypes. The stability of the collection of strains
observed within each ORP illustrates the constant participation of
4

the laboratories associated with the various coordinating centers of
the surveillance network and is a guarantee of its quality.

Our study included 12 years of data, with constant participation
of laboratories linked with the coordinating centers of the surveil-
lance network, and with trained and stable data collectors. The sta-
bility of the strain collection procedures renders our data
comparable over the years. However, we collected the data only
every two years (odd years), instead of annually. Nevertheless, this
is unlikely to have affected the long-term trends monitored in this
study.

Between 2015 and 2021, a significant increase in the frequency
of PDSPs was observed among pneumococcal strains isolated from
CSF and blood culture, both in adults and in children. Moreover, a
significant increase of pneumococcal strains not susceptible to CTX
(MIC � 0.5 mg/L) was also observed in CSF and blood culture from
adults. The change of technique for determining MICs (from dilu-
tion in agar medium until 2015 to microdilution in a liquid med-



Table 1
Evolution between 2009 and 2021 of antibiotic resistance rate among pneumococcal strains isolated from invasive infections in children, France.

2009 (n = 575) 2011 (n = 420) 2013 (n = 224) 2015 (n = 185) 2017 (n = 195) 2019 (n = 206) 2021 (n = 160)

CSF = 106; Blood = 469 CSF = 87; Blood = 333 CSF = 61; Blood = 163 CSF = 52; Blood = 133 CSF = 53; Blood = 142 CSF = 52; Blood = 154 CSF = 37; Blood = 123

Categorisation N % N % N % N % N % N % N %

(S/I/R)a (%) S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R

PEN
Meningitis b 75 - 31 70,8 - 29,2 63 - 24 72,4 - 27,6 43 - 18 70,5 - 29,5 36 - 16 69,2 - 30,8 33 - 20 62,3 - 37,7 29 - 23 55,8 - 44,2 18 - 19 48,6 - 51,4
Other than
meningitis c

358 110 1 76,3 23,5 0,2 267 64 2 80,2 19,2 0,6 125 37 1 76,7 22,7 0,6 93 40 0 69,9 30,1 0 86 54 2 60,6 38,0 1,4 93 53 8 60,4 34,4 5,2 70 43 10 56,9 35,0 8,1

AMX
Meningitis 92 - 14 86,8 - 13,2 76 - 11 87,4 - 12,6 52 - 9 85,2 - 14,8 47 - 5 90,4 - 9,6 49 - 4 92,5 - 7,5 44 - 8 84,6 - 15,4 26 - 11 70,3 - 29,7
Other than
meningitis

411 57 1 87,6 12,2 0,2 310 21 2 93,1 6,3 0,6 149 13 1 91,4 8,0 0,6 119 11 3 89,5 8,3 2,2 128 10 4 90,2 7 2,8 136 8 10 88,3 5,2 6,5 103 8 12 83,7 6,5 9,8

CTX
Meningitis 98 8 0 92,5 7,5 0 82 5 0 94,3 5,7 0 57 4 0 93,4 6,6 0 50 2 0 96,2 3,8 0 51 2 0 96,2 3,8 0 47 4 1 90,4 7,7 1,9 31 6 - 83,8 16,2 -
Other than
meningitis

431 38 0 91,9 8,1 0 316 16 1 94,9 4,8 0,3 158 5 0 96,9 3,1 0 128 5 0 96,2 3,8 0 131 11 0 92,3 7,7 0 136 17 1 88,4 11 0,6 108 15 - 87,8 12,2 -

ERY 438 4 133 76,2 0,7 23,1 298 14 108 71,0 3,3 25,7 151 9 64 67,4 4,0 28,6 134 2 49 72,4 1,1 26,5 136 0 59 69,7 0 30,3 144 2 60 69,9 1 29,1 114 - 4 71,2 - 28,8
SXT 489 28 58 85,0 4,9 10,1 332 33 55 79,0 7,9 13,1 173 13 38 77,2 5,8 17,0 150 5 30 81,1 2,7 16,2 151 10 34 77,5 5,1 17,4 176 11 19 85,5 5,3 9,2 132 2 26 82,5 1,3 16,2
NOR 415 - 160 72,2 - 27,8 405 - 15 96,4 - 3,6 216 8 96,4 3,6 173 - 12 93,5 - 6,5 191 - 4 97,9 - 2,1 200 6 97,1 2,9 157 - 3 98,1 - 1,9

Categorization of strains is based on recommendations of CASFM/EUCAST 2019; b strains isolated from cerebrospinal fluid; c strains isolated from blood cultures;
EN: penicillin G; AMX: amoxicillin; CTX: cefotaxime; ERY: erythromycin; SXT: cotrimoxazole; NOR: norfloxacin.

able 2
volution between 2009 and 2021 of antibiotic resistance rate among pneumococcal strains isolated from invasive infections in adults, France.

2009 (n = 3,697) 2011 (n = 3,590) 2013 (n = 2,516) 2015 (n = 1,982) 2017 (n = 2,086) 2019 (n = 2,261) 2021 (n = 1,222)

CSF = 310; Blood = 3,387 CSF = 311; Blood = 3,279 CSF = 252; Blood = 2,264 CSF = 175; Blood = 1,807 CSF = 193; Blood = 1,893 CSF = 184; Blood = 2,077 CSF = 115; Blood = 1,107

Categorisation N % N % N % N % N % N % N %

(S/I/R)a (%) S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R S I R

PEN
Meningitis b 229 - 81 74 - 26 224 - 87 72,0 - 28,0 186 66 74 - 26 124 - 51 71 - 29,1 128 - 65 66,3 - 33,7 113 - 71 61,4 - 38,6 62 - 53 53,9 - 46,1
Other than
meningitis c

2467 910 10 73 27 0,3 2434 832 13 74 25 0,4 1718 536 10 76 24 0,4 1381 419 7 76 23,2 0,4 1420 424 49 75,0 22,4 2,6 1560 456 61 75,1 22,0 2,9 777 283 47 70 26 4,2

AMX
Meningitis 266 - 44 86 - 14 278 - 33 89 - 11 215 37 85 - 15 155 - 20 89 - 11,4 159 - 34 82,4 - 17,6 159 - 25 86,4 - 13,6 92 - 23 80,0 - 20,0
Other than
meningitis

2936 417 34 87 12 1,0 2946 319 14 90 9,7 0,4 2027 222 15 90 9,8 0,7 1638 154 15 91 8,5 0,8 1668 169 56 88,1 8,9 3,0 1852 150 75 89,2 7,2 3,6 953 91 63 86 8,2 5,7

CTX
Meningitis 291 19 0 94 6,1 0 295 15 1 94 4,8 0,3 237 14 1 94,0 5,6 0,4 165 10 0 94 5,7 0 170 21 2 88,1 10,9 1 166 15 3 90,2 8,2 1,6 96 17 2 84 15 1,7
Other than
meningitis

3143 238 6 93 7,0 0,2 3112 166 1 95 5,1 0,0 2136 127 1 94 5,6 0,0 1719 87 1 95 4,8 0,1 1714 172 7 90,5 9,1 0,4 1898 172 7 91,4 8,3 0,3 981 121 5 89 11 0,5

ERY 2612 57 1028 71 1,5 28 2452 103 1035 68 2,9 29 1723 81 712 69 3,2 28 1460 26 496 74 1,3 25,0 1645 9 432 78,9 0,4 20,7 1848 4 409 81,7 0,2 18,1 945 - 277 77 - 23
SXT 3129 160 408 85 4,3 11,0 2941 215 434 82 6,0 12 2099 136 281 83 5,4 11 1701 77 204 86 3,9 10,3 1783 67 236 85,5 3,2 11,3 2015 69 177 89,1 3,1 7,8 1109 22 91 91 1,8 7,4
NOR 2598 - 1099 70 - 30 3471 - 119 97 - 3,3 2410 - 106 96 - 4,2 1868 - 114 94 - 5,8 1999 - 87 95,8 - 4,2 2212 49 97,8 2,2 1200 - 22 98 - 1,8

Categorization of strains is based on recommendations of CASFM/EUCAST 2019; b strains isolated from cerebrospinal fluid ; c strains isolated from blood cultures;
EN: penicillin G; AMX: amoxicillin; CTX : cefotaxime; ERY: erythromycin; SXT: cotrimoxazole; NOR: norfloxacin.
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Fig. 3. Distribution of serotypes of pneumococcal strains isolated from invasive infections (CerebroSpinal Fluid + Blood) in children in 2009 (n = 542), 2011 (n = 376), 2013
(n = 197), 2015 (n = 168), 2017 (n = 190), 2019 (n = 194) and 2021 (n = 154). *: serotype not included in the PPV23 vaccine.

Fig. 4. Distribution of serotypes of pneumococcal strains isolated from invasive infections (CerebroSpinal Fluid + Blood) in adults in 2009 (n = 1,020), 2011 (n = 985), 2013
(n = 646), 2015 (n = 766), 2017 (n = 735), 2019 (n = 768) and 2021 (n = 1,134). *: serotype not included in the PPV23.

C. Plainvert, E. Varon, D. Viriot et al. Infectious Diseases Now 53 (2023) 104632
ium) does not seem to be involved, as the increase was only
observed for benzylpenicillin. This trend will be worth monitoring
in the coming years. AMX and CTX (or ceftriaxone) therefore
remain the reference molecules in France for the treatment of
pneumonia and meningitis, respectively. Regarding the alternative
to b-lactams, e.g., in case of confirmed allergy, if the proportion of
strains resistant to macrolides remained high (around 25%), resis-
tance to fluoroquinolones remained very low, and resistance to
pristinamycin, evaluated only from 2017, was likewise very low.

Between 2009 and 2021, regular monitoring by the ORP net-
work revealed a significant decrease in the number of pneumococ-
cal strains isolated from invasive infections, whether for children
or adults. However, this decrease was observed mainly between
2009 and 2013 and can be largely explained by the introduction
of the PCV13 vaccine in June 2010 [12,16]. This decrease is in
agreement with the observations of Ouldali et al. who showed a
6

decreased incidence rate of invasive pneumococcal infections in
France from 0.78 cases per 100,000 inhabitants in 2010 to 0.52 at
the end of 2014 [3]. These observations were in line with those
reported in other European countries that have introduced the
PCV13 vaccine, such as Denmark, which observed a 21% drop in
the incidence in its population of invasive pneumococcal infections
[17], England or Germany [18,19].

The decrease in the number of pneumococcal strains isolated
was also associated with a significant change in the distribution
of serotypes over the study period, resulting in the near-
disappearance of PCV13 vaccine serotypes, with the notable excep-
tion of serotype 3. The reason for the lower effectiveness of PCV13
against serotype 3 remains unclear.

To conclude, in 2021, only 23.6% of the strains responsible for
invasive infections had a serotype included in PCV13, compared
to 64.8% in 2009. In children, the percentage of PCV13 vaccine



Fig. 5. Distribution of serotypes of pneumococcal strains isolated from cerebrospinal fluid between 2009 and 2021 (n = 1889), according to minimal inhibitory concentration
(mg/L) of cefotaxime. *: serotype not included in the PPV23.

Fig. 6. Distribution of serotypes of pneumococcal strains isolated from blood cultures between 2009 and 2021 (n = 6113), according to the minimal inhibitory concentration
of amoxicillin. *: serotype not included in the PPV23.
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strains fell very sharply, from 76.0% in 2009 to 13.0% in 2021. These
observations were corroborated by data from the SpIDnet study
(Streptococcus pneumoniae Invasive Disease network) on the evolu-
tion of the circulation of pneumococcal serotypes in children in 8
European countries [20]. In adults, Hanquet et al. observed a
decrease in the incidence rate of IPD due to PCV13-vaccine strains
in 10 European countries, while non-vaccine strains emerged [21].
The same observation applied to the serotype coverage of PVV23,
recommended in patients at risk; in 2021, 66.1% of IPDs in adults
were due to a serotype included in this vaccine, as opposed to
79.4% in 2009. However, vaccination program in children less than
2 years led to the emergence of non-vaccine serotypes, such as ser-
otypes 8, 10A, 15B/C and especially 24F, in children, as well as ser-
otypes 8, 9N, and 10A, in adults. This was also observed in other
countries providing PCV13 vaccination [22]. Therefore, epidemio-
logical monitoring of pneumococcal serotypes responsible for IPD
7

remains critical. The upcoming availability of two conjugate vacci-
nes, one with 15 serotypes (adding the 22F and 33F serotypes to
the PCV13 serotypes), the other with 20 serotypes (adding the 8,
10A, 11A, 12F, 15B, 22F and 33F to the PCV13 serotypes) will be
very interesting from an epidemiological point of view [23].
According to our data, in 2021, 56.9% of IPDs in France were linked
to a strain of serotype included in the future PCV20 and 27.4%, to a
strain of serotype included in the future PCV15.
5. Conclusion

The ORP, in conjunction with the National Reference Center for
Pneumococci and Public Health France, constitute an essential
national network for the surveillance of invasive pneumococcal
infections. Indeed, the success of this surveillance is based on a
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structured and stable network over the long term, whose geo-
graphical representativeness is almost nationwide, with trained
and dedicated participants monitoring trends in antibiotic resis-
tance, the evolution of the distribution of serotypes and the emer-
gence of serotypes. The data provided by the ORP assess the
epidemiological impact of vaccination in France. The data are use-
ful not only insofar as they contribute to the composition of future
vaccines but also insofar as they help to change, if necessary, IPD
management recommendations according to the evolution of
resistance. All in all, widespread surveillance remains critical, as
S. pneumoniae infections remain, by their frequency and severity,
a major public health issue.
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