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Summary

Background: In late 2022, health care institutions in Germany re-
ported an unusual number of severe, invasive bacterial infections in
association with a high incidence of viral respiratory infections.

Methods: We analyzed routine data on invasive infections due to
Haemophilus influenzae, Neisseria meningitidis, Staphylococcus
aureus, Streptococcus pneumoniae, and Streptococcus pyogenes
(2017-2023) from a voluntary, laboratory-based surveillance system
involving continuously participating facilities providing diagnostic rou-
tine data that cover approximately one-third of the German population.

Results: In the first quarter (Q1) of 2023, the number of invasive S.
pyogenes isolates rose by 142% (n = 837 vs. mean

Q1/2017-2019 = 346, 95% Cl [258; 434]), while the number of H.
influenzae isolates rose by 90% (n = 209 in Q1/2023 vs. mean
Q1/2017-2019 = 110, 95% CI [79; 142]), compared to pre-pandemic
seasonal peak values. The number of invasive S. pneumoniae iso-
lates was high in two quarters (n = 1732 in Q4/2022 und Q1/2023).
Adults aged 55 and older and children younger than 5 years were
most affected by invasive H. influenzae, S. pneumoniae, and S.
pyogenes infections. N. meningitidis was most commonly found in
children under age 5.

Conclusion: The reason for the marked rise in in-
vasive bacterial infections may be an increased
circulation of respiratory pathogens and elevated
susceptibility in the population after relaxation of
the measures taken to prevent COVID-19 infec-
tion. Coinfections with respiratory viruses may
have reinforced this effect. We recommend con-
tinuous surveillance, preventive measures such as
raising awareness about invasive bacterial dis-
eases, and vaccination as recommended by the
German Standing Committee on Vaccinations
(STIKO).
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I n the fourth quarter (Q) of 2022, pronounced increases
in the incidence of acute respiratory infections with
fever, cough, or sore throat (ARI) and of influenza-like
illness (ILI; defined as ARI with fever) were observed in
Germany (1). In calendar weeks (CW) 47-51/2022, the total
ARI and total ILI rate was much higher than the reference
rate for the same CW of preceding years. ICD-10 code-
based hospital surveillance (ICOSARI) showed that the
number of severe acute respiratory infections (SARI) in-
creased sharply between CW 47/2022 and CW 51/2022,
reaching a level close to the peaks of previous waves of
influenza (2).

In light of this increase in SARI cases, in December 2022
the German Interdisciplinary Association for Intensive
Care and Emergency Medicine (Deutsche Interdisziplindire
Vereinigung fiir Intensiv- und Notfallmedizin) reported high
occupancy of intensive care units, with a high proportion

of non-COVID-19 cases requiring respiratory
support (3). In CW 52, influenza virus was de-
tected in 28% of hospitalized SARI patients,
respiratory syncytial virus (RSV) in 18%, and
severe acute respiratory syndrome coronavi-
rus type 2 (SARS-CoV-2) in 11% (4). A sharp in-
crease in influenza infections was discerned
(4).

Simultaneously with the early and intense
influenza A wave, medical professionals and
local public health authorities in Germany
reported an unusually high increase in cases
of invasive (secondary) bacterial infections,
especially due to Streptococcus (S.) pyogenes
(group A streptococci). Other European coun-
tries also reported a rise in invasive S. pyogenes
infections in December 2022, as well as an
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increased number of fatalities, especially in children under
15 years of age (5-7).

Bacterial infections with respiratory transmission due
to Haemophilus (H.) influenzae, Neisseria (N.) meningitidis
(meningococci), Streptococcus (S.) pneumoniae (pneumo-
cocci), and S. pyogenes are seasonally endemic in Europe.
These pathogens are typically transmitted via droplets
and constitute the principal cause of invasive illness and
of secondary infections after viral respiratory disease (8).
Invasive infections with Staphylococcus (S.) aureus are also
associated with viral respiratory tract infections and
severe illness (9). Such invasive bacterial infections are
observed particularly in association with influenza
viruses and occur more frequently in the winter months
(10-12).

Our aim was to establish whether Germany was also af-
fected by an unusually high increase in invasive bacterial
infections in winter 2022/2023 and to make specific rec-
ommendations accordingly.

Methods
Pathogen detection data from the ARS
The primary source of the data analyzed was the Antibiotic
Resistance Surveillance (ARS) system of the Robert Koch
Institute (RKI). The ARS relies on laboratories’ voluntary
reporting to the RKI of data on pathogen identification and
resistance testing from microbiological routine diag-
nostics (Figure 1). The data fed into the ARS cover about
one third of the outpatient and inpatient care facilities in
Germany and include all clinically relevant pathogens
from all sample materials.

To avoid duplicates and overestimation, one isolate per
patient, per quarter, and per material type was included.
To avoid any sampling effects that might arise from fluc-
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tuating participation of hospitals and medical practices in
the surveillance system over time, data analysis was
restricted to facilities whose participation was uninter-
rupted. These comprised 10 263 medical practices and 470
hospitals that submitted samples to 49 laboratories during
the period concerned.

Data on notifiable diseases

In Germany, surveillance of invasive bacterial infections is
partly integrated into the nationwide mandatory
reporting system as laid down in the German Infection
Protection Act (IfSG). The detection of H. influenzae,
N. meningitidis, S. aureus, and S. pneumoniae (since 2020) in
blood or cerebrospinal fluid anywhere in Germany has to
be reported under section 7(1) of the IfSG (13). Isolated de-
tections of S. pyogenes are not subject to nationwide man-
datory reporting, but outbreaks of scarlet fever (caused by
S. pyogenes) in community facilities have to be reported
(13, 14). To confirm the epidemiological trend, data on
H. influenzae, N. meningitidis, and S. pneumoniae reported
according to the IfSG were also analyzed, together with
data on scarlet fever outbreaks.

Pathogen typing data

The Institute for Medical Microbiology at the University
Hospital, RWTH Aachen University (appointed as
National Reference Center [NRC] for streptococci up to
the end of 2022) and the NRC for meningococci and H.
influenzae receive voluntarily submitted invasive isolates
of H. influenzae, N. meningitidis, S. pneumoniae, and S. pyo-
genes from all routine laboratories in Germany. The lab-
oratories analyze the serogroups and serotypes/emm
types of the pathogens as well as their antibiotic
resistance.
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Invasive isolates (blood culture, sterile aspirate) of S. pneumoniae (n = 12 478), S. pyogenes (n = 6707), H. influenzae (n = 2037), and N. meningitidis
(n = 332) per quarter (sampling date), 2017-2023, Germany (ARS, as of 11 April 2023)

Case definition

The analysis embraced bacterial pathogens with respir-
atory transmission that may cause secondary infections in
the wake of a viral respiratory tract infection: H. influenzae,
N. meningitidis, S. aureus, S. pneumoniae, and S. pyogenes.
Invasive diseases due to H. influenzae, N. meningitidis, S.
aureus, and S. pneumoniae are defined by detection in
blood, cerebrospinal fluid, or, in some cases, other norm-
ally sterile substrates; classified by case category; and then
reported to the RKI. Invasive bacterial infections caused
by these pathogens are defined in the ARS data as
detection in a blood culture or another normally sterile as-
pirate. Non-invasive isolates are defined in the ARS data
as swabs, predominantly from the upper respiratory tract
and the ear.

Data analysis
A descriptive analysis of the invasive and non-invasive
bacterial infections was conducted, and the number of de-
tected cases reported via the ARS in the season 2022/2023
was compared with the reports from the seasons in the
period 2017-2019. The years 2020-2021 were excluded
from this comparative analysis because of the COVID-19
pandemic and the low case numbers due to the measures
adopted to protect against infection. The ARS data were
stratified by material, age, sex, and region and evaluated in
age-standardized fashion per 100 000 population (not all
data shown).

Owing to the low number of cases of N. meningitidis
detected, and a stable trend for invasive S. aureus, not all of
these data are presented.

The data were analyzed using Excel Office Professional
Plus 2019 and R version 4.1.3.

Results
Pathogen detection data from the ARS
In the period 2017-2020 the numbers of invasive isolates
of H. influenzae, N. meningitidis, S. pneumoniae, and S.
pyogenes derived from the ARS system predominantly
peaked in the first quarter of the year (Q1) (Figure 2). The
numbers of invasive and non-invasive (not shown) bac-
terial infections decreased sharply in Q2/2020 but in-
creased again gradually up to the end of 2022. Invasive S.
pneumoniae, S. pyogenes, and H. influenzae infections
showed an unusually early and steep increase in Q4/2022.
The seasonally highest number of invasive bacterial in-
fections due to S. pneumoniae was observed unusually
early already in Q4/2022. The numbers reached a level
similar to the mean seasonal peaks observed in Q1 of the
years 2017-2019 (Table). Notably, compared with the fore-
going seasons and the other pathogens analyzed, the
number of invasive S. pneumoniae isolates stayed high in
Q1/2023, so that many more invasive infections occurred in
winter 2022/2023 than in the years preceding the pandemic.
There were similarly striking increases in invasive
S. pyogenes and H. influenzae infections in Q1/2023, clearly
exceeding the mean peak values in the preceding seasons.
The number of invasive N. meningitidis isolates also in-
creased, but the value for Q1/2023 was below the peaks in
the prepandemic years. The number of S. aureus isolates
stayed constant over the observation period (data not
shown).
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Overall, adults over 55 years of age were most commonly
affected by invasive infections by S. aureus (14.4/100 000
population), S. pneumoniae (2.1/100000 population), S.
pyogenes (1.4/100 000 population), and H. influenzae
(0.6/100 000 population) in Q1/2023, while N. meningitidis
was most commonly found in children <5 years. The in-
crease in invasive S. pyogenes isolates was apparent in all age
groups, the rates being much higher than in the years before
(Figure 3). Children <5 years showed a sudden jump of
300% in numbers of invasive S. pyogenes isolates between
Q3/2022 and Q4/2022 (from 0.2/100 000 population to
0.8/100 000 population). In winter 2022/2023 the rate of
invasive S. pyogenes was almost as high in children
<5 years as it was in > 55-year-olds (1.3/100 000 population
versus 1.4/100 000 population in Q1/2023).

Invasive S. pneumoniae infections were also most preva-
lent in > 55-year-olds, followed by < 5-year-olds (2.2 and
0.6 isolates/100 000 population in Q4/2022) (Figure 4).

Males were somewhat more often affected by invasive
H. influenzae, N. meningitidis, S. pneumoniae, and S. pyo-
genes infections than women (59% versus 41%,
Q1/2017-Q1/2023).

Analyses of the ARS data with regard to antibiotic
resistance showed no increase in resistance (especially to
erythromycin and clindamycin) for the pathogens investi-
gated.

Data on notifiable diseases

With regard to invasive H. influenzae, N. meningitidis, and
S. pneumoniae infections, comparison of the IfSG data
and the ARS data revealed a very similar time course and
a similar age distribution. The number of reported scarlet
fever outbreaks in community facilities in Q1/2023 ex-
ceeded the average annual total of outbreaks by 210%
(n=1730 versus mean 2017-2019=560; 95% CI [-7;
-1127]).

Pathogen typing data

More detailed microbiological analyses showed no new
clones or variants of S. pneumoniae or S. pyogenes. During
the pandemic there were marked fluctuations in the
distribution of serotypes and emm types. An increase to
prepandemic levels was seen for type emm 1 among S.
pyogenes isolates in winter 2022/2023.

There was an increase in encapsulated strains of invas-
ive H. influenzae among the isolates reported in 2022. In
the first half of 2022 and in Q4/2022 these strains made up
a larger proportion of the total isolates, in contrast to the
usual dominance of unencapsulated strains (NTHi).
Among the invasive N. meningitidis isolates an increased
prevalence of serogroup Y was discerned, particularly in
Q4/2022.

No changes in antibiotic resistance were seen for the
pathogens analyzed during the period 2017-2023.

Discussion

The COVID-19 pandemic prompted expansion of
measures to protect against infection from the early
months of 2020 onwards. Owing to these actions, and
also to increased awareness and correspondingly
adjusted behavior on the part of the population, the cir-
culation of pathogens with respiratory transmission was
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Numbers of invasive isolates (blood culture, sterile aspirate) of S.
pneumoniae, S. pyogenes, H. influenzae, and N. meningitidis relative to

mean seasonal peak values by quarter, 2017-2019*

Invasive
isolates

Mean seasonal peaks| Q4/2022 | Q1/2023
by quarter,

2017-2019
number [95% CI]

Change
(number) | (number) | Q1/2023 vs. mean
seasonal peaks
2017-2019 (%)

S. pneumoniae 910 [815; 1005] 881 851 -6%
S. pyogenes 346 [258; 434] 501 837 +142%
H. influenzae 110 [79; 142] 178 209 +90%
N. meningitidis 25[1.3; 49] 15 22 -12%

* In quarter (Q) 4/2022, Q1/2023 and difference between Q1/2023 and the mean seasonal

peak values (by sampling date), Germany (ARS, as of 11 April 2023)
Cl, Confidence interval; vs., versus

considerably suppressed for a period of almost 2 years
(15). Only with the circulation of the SARS-CoV-2
Omicron variant, which had a much lower rate of severe
illness, and the simultaneous attainment of high
COVID-19 vaccine coverage in the population were the
measures relaxed. At the same time, the population’s
risk perception and behavior changed. Following, a
sharp increase in acute viral respiratory tract illnesses
was observed in fall 2022. Together with an early and un-
usually strong influenza A virus (H3N2)-dominated
wave and a second wave dominated by influenza B, high
RSV activity was seen in Q4/2022 (16). We also found
that there was a large increase in bacterial infections due
to H. influenzae, S. pneumoniae, and S. pyogenes. Older
persons (> 55 years) and young children (< 5 years) were
most likely to be affected by both viral and invasive
bacterial infections with respiratory transmission.

The increase in invasive S. pyogenes infections was also
described in other European countries (7). In contrast to
the Netherlands (6) and the UK (5), however, we not only
saw a steep increase in children but also observed a very
high infection rate in the older population. Denmark
reported a similar trend to that in Germany (17).

The early, intense onset of the bacterial infection
season that we observed may have been promoted by the
simultaneous incidence of viral respiratory tract infec-
tions, which can increase the risk of bacterial infections
(10-12, 18). Particularly influenza viruses and RSV may
increase the risk of severe secondary bacterial infections
(12, 19). Bacteria such as H. influenzae, S. aureus, S. pneu-
moniae, and S. pyogenes are often the causes of such sec-
ondary infections (10, 12, 18). The most frequently occur-
ring combination described to date is that of influenza A
and S. pneumoniae, as found in winter 2022/2023 (16).

The German Society for Pediatric Infectious Diseases
(DGPI) and the RKI were both quick to point out the un-
usual increase in bacterial infections (20-22). It cannot
be excluded that this publicity led to an increase in
awareness and to a raised demand for diagnostic tests,
particularly those for non-invasive conditions, to detect
pathogens with respiratory transmission. However, we
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worked on the assumption that diagnostic behavior did
not change with regard to invasive infections.

Another possible cause for the increase in bacterial and
viral infections with respiratory transmission is a catch-
up effect due to elevated susceptibility on the part of the
general population. The long period of reduced contact
during the COVID-19 pandemic meant that particularly
children had less exposure to certain seasonal respir-
atory pathogens (23). When the COVID-19 measures
were rolled back, the circulation of and exposure to en-
demic pathogens resurged and intensified. Children
aged < 15 years were particularly affected, with a sharply
increased ARI rate in winter 2022/2023 (1).

Analyses showed no increase in antibiotic resistance,
neither were any alterations in serotypes or serogroups
observed. To date, therefore, there is no evidence of alter-
ed pathogen virulence or of clonal spread.

General measures to prevent infection, combined with
restriction of contacts on the appearance of symptoms
and the suggestion to consult a physician/pediatrician if
needed, can reduce the risk of respiratory infection, slow
the spread of the disease, and bring about individual risk
reduction (24). Full vaccination against influenza and S.
pneumoniae, as recommended by the German Standing
Committee on Vaccination (STIKO), may also decrease
the risk of infection and protect against severe illness.
Despite the observed increase in invasive S. pyogenes in-
fections, the DGPI continues (as of December 2022) to
recommend confining prescription of antibiotics to
patients with a sore throat, as stipulated in in the multidis-
ciplinary AWMF clinical practice guideline (25, 26). The
impact of chemoprophylaxis for household contacts of

patients with invasive S. pyogenes infections has not been
adequately researched. With regard to the risk that a close
household contact person will develop an invasive S. pyo-
genes infection within 30 days following the index case, for
example, an Australian study states an incidence rate ratio
(IRR) of 2011 [95% confidence interval 413; 5929], while re-
searchers from the UK report an IRR of 1940 [1240; 2880]
(27). Studies from different countries vary in their assess-
ment of which household contacts are particularly at risk.
For instance, postexposure prophylaxis is recommended
for close contact persons in Belgium, Canada, and some
states of Australia, but in the UK and Ireland, aside from
cluster outbreaks, it is advised above all for mothers and/
or their newborn infants (28-30). Other countries (e.g., the
USA and France) recommend postexposure prophylaxis
especially for those close household contacts who exhibit
certain risk factors, such as age > 65 years, HIV infection,
diabetes, and cancer (31). In Germany, antibiotic prophy-
laxis (e.g., rifampicin or clindamycin) for close household
contacts—together with meticulous counseling—is
recommended only in the case of severe invasive S. pyo-
genes infections (e.g., sepsis, necrotizing fasciitis, toxic
shock-like syndrome) (32).

Awareness of invasive (secondary) bacterial infections
needs to be reinforced—both in the general population
and among physicians. In the event of a leap in the inci-
dence of respiratory tract infections, additional targeted
campaigns could sensitize the public. Outbreaks and
_epidemic situations may necessitate further action. The
ultimately unexpected steep increase in invasive bac-
terial infections in winter 2022/2023 clearly shows the
importance of active surveillance of infectious diseases.
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The surveillance program should have several pillars:
laboratory-based systems such as ARS, laboratory testing,
reporting of outbreaks as laid down in the Infection
Protection Act, detailed typing by specialized reference
laboratories, syndromic and virological sentinel surveil-
lance of acute respiratory tract infections, and, when the
circumstances require, additional clinical studies and
surveys.
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