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To the Editor:

Following the emergence of the COVID-19 pandemic in early 2020, many countries implemented
containment measures to curb the spread of SARS-CoV-2. These containment measures were associated
with a substantial reduction in the activity of other respiratory viruses as well as bacterial disease such as
pneumococci [1, 2]. Consequently, as containment measures were gradually withdrawn, a rebound of RSV
disease in children [3] and increases in pneumococcal diseases (IPD) were observed [4]. However, little is
known how increasing population-immunity against SARS-CoV-2, the circulation of new SARS-CoV-2
variants, and withdrawal of containment measures have impacted the microbiology of community-
acquired pneumonia (CAP) over time. Here, we describe the etiology of hospitalized CAP among adults in
Germany during 2021, the second year of the COVID-19 pandemic. In 2021, Germany had implemented
strict COVID-19 containment measures, which were gradually withdrawn over the year and re-

implemented before 2022 [5].

This ongoing prospective, population-based surveillance study is conducted since January 4, 2021, at one
community and two large tertiary care hospitals in Thuringia, Germany, serving a population of about
280,000 inhabitants. Adult patients with suspicion of lower respiratory tract infection admitted to study
hospitals were screened for eligibility and individuals with documented or clinically suspected pneumonia
were enrolled. Patients included in this analysis (1) were enrolled between January 1 and December 31 of
2021, (2) had radiologically-confirmed CAP diagnosed within 48 hours of hospital admission, and (3) had
information on hospital discharge disposition available. Study staff collected data on patient
characteristics, medical history, hospital course, and standard of care microbiologic testing. NPS were
tested by PCR for 10 respiratory viruses (SARS-CoV-2, respiratory syncytial virus, influenza virus,
parainfluenza virus, human metapneumovirus, rhinovirus, human endemic coronavirus, adenovirus,
enterovirus, bocavirus). Urine samples were tested with the pneumococcal urinary antigen test (PUAT,
BinaxNOW S. pneumoniae) and with proprietary serotype-specific urinary antigen detection (UAD) assays
[6, 7]. UAD assays detect all serotypes included in currently licensed vaccines. All data were descriptively
summarized. The association of S. pneumoniae coinfection among COVID-19 patients with severe outcome

adjusted for patient age was analyzed using the Mantel-Haenszel method.

Of 2084 patients with study-qualifying pneumonia, 804 were enrolled, and 760 were included in this
analysis (Figure 1A). The median age of patients with radiologically-confirmed CAP was 67 years (Q1, Q3:
58, 79) and 57.6% were male. Approximately three quarters (75.9%) of patients had at least one

comorbidity. The uptake for same season influenza vaccine, cumulative uptake of 23-valent pneumococcal



polysaccharide vaccine (PPV23), and the 13-valent pneumococcal conjugate vaccine (PCV13) were 23.4%,
25.0% and 3.0%, respectively. The uptake for 21 dose of a COVID-19 vaccine was 14.3% in the first half of
2021 and increased to 50.6% in the second half. The median hospital length of stay was 8 days, 122 patients
(16.1%) were admitted to the ICU, 43.7% had a pneumonia severity index (PSI) grade of IV or V, and in-

hospital case-fatality rate was 8.4%.

Adherence to the diagnostic testing protocol was high throughout the study period and did not differ
between the first and second half of 2021. Overall, 96% of all CAP cases were tested for SARS-CoV-2, 91%
for other respiratory viruses, and 80% for S. pneumoniae using UAD and PUAT. Additionally, the proportion
of CAP cases with prior antibiotic treatment did not differ between the first and second half of 2021 (7.8%
and 8.0%, respectively). A respiratory pathogen was detected in 553 (72.8%) patients with CAP. The most
frequent pathogen was SARS-CoV-2 (n=498, 68.2%), followed by S. pneumoniae (n=40, 6.4%), rhinovirus
and parainfluenza virus (n=16, 2.3% each), and RSV (n=14, 2.0%) (Figure 1D). Other viruses were infrequent
(21.0% each), and no case of influenza was identified. Of the 40 pneumococcal CAP cases, 30 had a positive
UAD test, in 17 PUAT was positive, and in 8 S. pneumoniae grew from culture (blood, n=6; sputum and
tracheal aspirate, n=1 each). The percentage of CAP patients with SARS-CoV-2 detection was higher in
patients aged 18 to 59 years (n=176, 79.3%) than those aged 260 years (n=322, 63.4%). Conversely, S.
pneumoniae was more frequently detected in patients aged 260 years (n=33, 7.8%) than in patients aged
18 to 59 years (n=7, 3.6%). Of the 40 pneumococcal CAP cases, PCV13-, PCV15-, PCV20- and PPV23-
included serotypes, accounted for 42.5% (n=17), 45.0% (n=18), 70.0% (n=28), and 73% (n=29). The most
frequent serotypes were 3 (n=5), 8 (n=4), and 19A/6A/11A (3 detections each).

The etiology of CAP changed substantially throughout 2021 (Figure 1). The monthly proportion of CAP
cases associated with SARS-CoV-2 ranged from 76.7% to 93.7% between January and May, dipped to 7.1%
in July, and then rose continuously to 82.4% until December (Figure 1B). S. pneumoniae caused 0.0% to
2.9% of CAP between January and May and accounted for 5.9% to 16.7% afterwards (Figure 1B). The
proportion of CAP cases associated with SARS-CoV-2 decreased from the first to second half of 2021 in
both older adults (from 74.7% to 51.4%) and younger adults (from 88.0% to 72.1%) (Figure 1C). By contrast,
the proportion of CAP cases associated with S. pneumoniae increased between the first and second half of

2021 in older adults from 2.5% to 12.4% and in younger adults from 1.1% to 5.6% (Figure 1C).

Similar to S. pneumoniae, between the first and second half of 2021, respiratory viruses other than SARS-
CoV-2 increased between the first and second half of 2021 from 5.3% to 11.3%. Coinfection of SARS-CoV-
2 and S. pneumoniae occurred in 2/283 (0.7%) of patients in the first half of 2021, but in 13/215 (6.0%) in



adults 218 years and to 11/127 cases (8.7%) in adults =60 years in the second half of 2021 (Figure 1C).
Thirteen out of a total of 34 (38.5%) pneumococcal detections in the second half of 2021 were in patients
with COVID-19 (Figure 1C). We did not find evidence for an association of S. pneumoniae coinfection in
COVID-19 patients with death after pneumonia (age-adjusted odds ratio [aOR] 1.22, 95% confidence
interval [CI] 0.26, 5.72, p=0.802), admission to ICU (aOR 1.13, 95% CI 0.31, 4.15, p=0.854), or need for
mechanical ventilation (aOR 1.55, 95% Cl 0.33, 7.24, p=0.575). However, due to the relatively low numbers
of cases, our analysis was not powered to exclude such an association. Coinfections of SARS-CoV-2 with

other respiratory viruses remained unchanged at around 5% over the year 2021.

In this pneumonia surveillance study, we describe changes with CAP etiology in Germany during 2021,
covering the time of the spread of the COVID-19 Wuhan strain, and the subsequent waves of Alpha and
Delta variants [8]. SARS-CoV-2 was the predominant cause of CAP in 2021, and the percentage of CAP due
to S. pneumoniae rose from very low levels in early 2021 to near pre-pandemic levels among older patients
in the second half of 2021 [9], with 12.4% of CAP cases caused by S. pneumoniae and 78.5% of these due
to PCV20 serotypes. Previous studies reported that S. pneumoniae coinfection was rare among COVID-19
patients but if present, associated with high case-fatality [10, 11]. In the second half of 2021, S. pneumoniae
was detected in 8.7% of older adults with COVID-19, a coinfection rate higher than recently reported for
influenza [12]. The re-emergence of S. pneumoniae may be related to several factors, including changes in
social mixing with relaxation of containment measures and healthcare seeking behavior, and differences
in the interference of individual SARS-CoV-2 variants with other respiratory pathogens [13].
Underestimation of pneumococcal CAP by previous studies may also be related to the low sensitivity of the

standard-of-care culture methods compared to urinary antigen testing used in this study.

The main strength of this study lies in the high testing rates of 80% to 96% for 11 respiratory pathogens. A
limitation of the study is that only 39% of eligible patients were enrolled. The most common reason for
non-enrollment was a lack of capacity to provide consent, possibly reducing the generalizability of our
results to severely ill, debilitated patients. However, the proportion of patients with severe disease as
measured by PSI grade IV or V in our cohort is similar to that reported in other recent CAP surveillance
studies [14, 15]. Also, the roll-out of the COVID-19 vaccination campaign in 2021 preferentially targeted

older adults and this may bias comparisons across age groups.

S. pneumoniae, the leading bacterial cause of CAP prior to the COVID-19 pandemic, was reduced during
the early months of 2021 but rebounded to near pre-pandemic levels after the summer of 2021, affecting

both COVID-19 and non-COVID-19 CAP patients in Germany. This rebound occurred in the absence of



influenza circulation. With a more diverse spectrum of CAP etiologies emerging, it will be critical to
strengthen vaccination uptake not only for SARS-CoV2, but also for the currently re-emerging influenza
[16] and S. pneumoniae [17]. Finally, studies with larger sample size should re-evaluate impact of dual
infection of SARS-CoV-2 and S. pneumoniae on severe clinical outcomes. This study shows that clinicians
should be aware that coinfection with SARS-CoV-2 and pneumococci - especially in patients over 60 years

of age - is not uncommon and may continue to increase.
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Figure 1. Pathogen detection among adults with community-acquired pneumonia requiring
hospitalization in Thuringia, Germany in 2021. For all patients enrolled in the study, a nasopharyngeal
swab and urine was collected and multiplex PCR for 10 respiratory viruses and urinary antigen tests for
the C-wall polysaccharide (BinaxNow S. pneumoniae) and serotype antigens (urinary antigen detection
assay) were performed. Results from the per-protocol and standard of care testing are shown. A
Eligibility, enrollment, and analysis of patients with community-acquired pneumonia. B - Total number
of enrolled adults with radiologically-confirmed, hospitalized CAP, and proportion of patients with
detection of SARS-CoV-2 and S. pneumoniae between January 4, 2021, and December 31, 2021, by
month. C - Proportion of CAP due to SARS-CoV-2, S. pneumoniae or other respiratory viruses, by age
group and study period. D - Proportion pathogens detected, according to age group and study period. n
indicates the total number of pathogen detections. Abbreviations: SARS-CoV-2 - severe acute
respiratory syndrome coronavirus 2, S. pneumoniae — Streptococcus pneumoniae, HRV - human
rhinovirus, PIV - parainfluenza virus 1 - 4, HMPV - human metapneumovirus, HCoV - human coronavirus
(229E, OC43, NL63), RSV - respiratory syncytial virus A and B, AdV - adenovirus, HBoV - human bocavirus,
CMV - cytomegalovirus.



