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Abstract

Background Infections with respiratory viruses [e.g. influenza and respiratory syncytial virus (RSV)] can increase the risk of severe
pneumococcal infections. Likewise, pneumococcal coinfection is associated with poorer outcomes in viral respiratory infection. How-
ever, there are limited data describing the frequency of pneumococcus and SARS-CoV-2 coinfection and the role of coinfection in
influencing COVID-19 severity. We, therefore, investigated the detection of pneumococcus in COVID-19 inpatients during the early
pandemic period.

Methods The study included patients aged 18 years and older, admitted to the Yale-New Haven Hospital who were symptomatic for
respiratory infection and tested positive for SARS-CoV-2 during March-August 2020. Patients were tested for pneumococcus through
culture-enrichment of saliva followed by RT-qPCR (to identify carriage) and serotype-specific urine antigen detection (UAD) assays (to
identify presumed lower respiratory tract pneumococcal disease).

Results Among 148 subjects, the median age was 65 years; 54.7% were male; 50.7% had an ICU stay; 64.9% received antibiotics; and
14.9% died while admitted. Pneumococcal carriage was detected in 3/96 (3.1%) individuals tested by saliva RT-qPCR. Additionally,
pneumococcus was detected in 14/127 (11.0%) individuals tested by UAD, and more commonly in severe than moderate COVID-19 [OR:
2.20; 95% CI: (0.72, 7.48)]; however, the numbers were small with a high degree of uncertainty. None of the UAD-positive individuals
died.

Conclusions Pneumococcal lower respiratory tract infection (LRTI), as detected by positive UAD, occurred in patients hospitalized with
COVID-19. Moreover, pneumococcal LRTI was more common in those with more serious COVID-19 outcomes. Future studies should
assess how pneumococcus and SARS-CoV-2 interact to influence COVID-19 severity in hospitalized patients.
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Introduction the rates of COVID-19 disease, hospitalization, and death were

Most infections with SARS-CoV-2 are mild-to-moderate in sever- lower among those who received pneumococcal conjugate vac-

ity while some progress to severe manifestations of COVID-19 in-
cluding pneumonia, acute respiratory distress syndrome (ARDS),
and death (Gupta et al. 2020). The factors that determine dis-
ease severity remain incompletely understood. For other viral
pathogens, coinfections with bacteria influence the severity of in-
fection. This is evident during seasonal epidemics of influenza
and respiratory syncytial virus (RSV), as well as during histori-
cal pandemics (Morens et al. 2008, McCullers 2014). Streptococcus
pneumoniae (pneumococcus) is one of the most common coinfect-
ing pathogens with influenza and RSV (Klein et al. 2016). There
has, therefore, been interest in the possible role of bacterial coin-
fections in influencing the severity of COVID-19. Clinical studies
have generally reported a small percentage of COVID-19 cases
with secondary bacterial pneumonia (Langford et al. 2020, Zhu
et al. 2020, Dirkx et al. 2021, Lehmann et al. 2021). In contrast,

cines (PCVs) compared with those who did not (Noale et al. 2020,
Nunes et al. 2021, Lewnard et al. 2022). This is consistent with pre-
vious work from a randomized trial that demonstrated lower rates
of hospitalization for a number of viruses among children receiv-
ing PCVs, including endemic coronaviruses (Madhi et al. 2004).
We sought to quantify the prevalence of pneumococcal infec-
tion among patients hospitalized with COVID-19 and to explore
whether pneumococcal carriage or infection was associated with
COVID-19 disease severity. Pneumococcus is commonly found in
the upper respiratory tract of healthy children (Auranen et al.
2010) and adults (Wyllie et al. 2016a), and can be detected by bac-
terial culture or qPCR in samples from the upper respiratory tract.
When individuals go on to develop lower respiratory tract infec-
tions (LRTIs), samples are not typically obtained from the lower
respiratory tract, rather, evidence of infection is indirect. The de-
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tection of pneumococcal capsular polysaccharides in the urine
has been demonstrated to be a reliable marker of LRTIs caused
by pneumococcus and can distinguish between carriage and dis-
ease.

We hypothesized that pneumococcus would be detected fre-
quently in this population, in both saliva and urine, and that in-
dividuals coinfected with pneumococcus and SARS-CoV-2 would
have more severe COVID outcomes compared with individuals in-
fected with SARS-CoV-2 alone. We used data and samples from a
retrospective cohort of individuals hospitalized with COVID-19 to
evaluate the prevalence of pneumococcus and to explore the as-
sociation with severity. Understanding these relationships is im-
portant when designing public health response measures that
could mitigate both pneumococcal disease and COVID-19.

Materials and methods
Study design

During March-August of 2020, paired saliva and urine samples
were collected from hospitalized patients at the Yale-New Haven
Hospital who were admitted to the hospital with symptomatic
SARS-CoV-2 infection, diagnosed from a nasopharyngeal swab-
based PCR test, and enrolled in the Yale IMPACT study (Wyllie et
al. 2020). Signed informed consent was obtained from all study
participants following the Yale University HIC-approved protocol
#2000027690. Demographic and case information was collected
through systematic and retrospective review of patient electronic
medical records, including vaccination history and a peak mea-
sure of disease severity as described elsewhere (Lucas et al. 2020).
SARS-CoV-2 positive individuals with non-COVID reasons for ad-
mission (i.e. patients admitted for injury, to give birth, and so on)
and those under 18 years of age were excluded from this study.

Sample collection

Saliva self-collection was attempted every 3 days over the course
of the hospital stay, using previously described methods (Ott et
al. 2020). Samples were transported to the Yale School of Public
Health at room temperature within 5 hours of sample collection
and tested for SARS-CoV-2 within 12 hours of sample collection.
Urine collection was also attempted every 3 days from enrolled
participants and stored at —80°C until further processing.

Detection of pneumococcal carriage using the
molecular method

For all COVID-19 inpatients with at least one SARS-CoV-2 positive
test, remaining saliva samples were tested for pneumococcal car-
riage. Thawed saliva samples were first culture-enriched with 100
ul plated on gentamicin (10%)-supplemented blood agar plates
(Krone et al. 2015). Cultures were incubated overnight after which
all growth was harvested and stored at —80°C (Trzcinski et al.
2013). Pneumococcal detection was performed by DNA extraction
of 200 pl of each sample using the MagMAX Ultra viral/pathogen
nucleic acid isolation kit (ThermoFisher Scientific) on the King-
Fisher DNA extraction robot (ThermoFisher Scientific) following
manufacturer’s protocol. Samples were classified as positive when
both piaB (Wyllie et al. 2016b, Trzcinski et al. 2013) and IytA (Car-
valho et al. 2007) targets reported a cycle threshold (Ct) value <
40 Ct by RT-gPCR.

Table 1. Distribution of patient samples tested either by urine
antigen detection (UAD) and/or RT-gPCR of culture-enriched
saliva.

Urine Saliva
Total inpatients 127 %6
Total samples 219 156
Positive inpatients 14 (11%) 3(3.1%)

A total of 75 inpatients had both their saliva and urine tested; none of these 75
individuals tested positive for pneumococcus on both sample types.

Detection of pneumococcal LRTI using urine
antigen detection

Urine samples were thawed at room temperature and aliquoted
into PIPES buffer. Aliquots were refrozen at —80°C in preparation
for batch shipping on dry ice to the reference laboratory of Pfizer
Vaccine Research (Pearl River, NY) for testing (Huijts et al. 2013).
Upon receipt, samples were stored at —80°C until batched urine
antigen testing according to the manufacturer’s protocol could be
performed. All samples were tested using the serotype-specific
UAD (SSUAD) test, which targets 24 of the 100 known pneumo-
coccal serotypes and the BinaxNOW test, which targets a pan-
pneumococcal antigen to determine the presence of any pneu-
mococcus of serotype not covered by the SSUAD.

Statistical analysis

Differences in demographic data between pneumococcal status
groups were tested using the Kruskal-Wallis rank sum test (con-
tinuous variable) or Fisher’s exact test (categorical variable). Esti-
mates were considered statistically significant at P < .05. All sta-
tistical analyses were performed in RStudio v1.2.133535, using R
v3.6.1.36.

Results

Study characteristics

Of the COVID-19 inpatients enrolled into the study, 156 saliva
samples from 96 inpatients and 219 urine samples from 127 inpa-
tients were available for testing (summarized in Table 1; detailed
in Figure S1, Supporting Information); both saliva and urine sam-
ples were available from 75 inpatients. Overall, data from 148 in-
patients were included in the analysis in this study. Patient char-
acteristics are summarized in Table 2. The overall cohort of SARS-
CoV-2 positive participants included in this study was 54.7% male,
with average age 64.6 years; 69 (46.6%) individuals were catego-
rized as having severe COVID-19 disease, based on supplemen-
tal oxygen level requirements and admission to ICU (Lucas et al.
2020). Antibiotic use at any point during hospitalization was high
amongst all groups and was reported for 96/148 (64.9%; range:
64.1%—71.4%) total inpatients. A total of 10 patients had no bac-
terial growth following culture-enrichment of saliva; 8/10 (80.0%)
of these patients had received antibiotics.

Detection of pneumococcal carriage or
pneumococcal LRTI in participants hospitalized
with COVID-19

In this study population, 14/127 (11%; SSUAD, n = 8; BinaxNOW,
n = 6) participants tested by urine antigen detection (UAD) had
a positive result for at least one sample, indicating pneumococ-
cal LRTI, and 3/96 (3.1%) had a positive saliva-RT-qPCR for at least
one sample, indicating pneumococcal carriage (Table 1). Individ-
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Table 2. Characteristics of patients categorized by pneumococcal status.

No pneumococcal

Characteristic detection (n = 131) UAD positive (n = 14) Culture positive (n = 3) pt
Age (years), mean =+ SD 64.6 £15.6 649 £15.2 64.0 £21.5 .896
BMI, mean + SD 31.7+£74 285+7.6 33.0+£19.8 .256
Family size, mean =+ SD 1.2+16 0.6+ 1.0 5.0+46 287
Days on Abx, mean =+ SD 51+7.8 7.8+125 30+44 574
Antibiotic use
Yes 84 (64.1) 10 (71.4 2 (66.7) 771
No 47 (35.9) 4(286 1(33.3)
Sex
Female 58 (44.3) 8(57.1 1(33.3) 407
Male 73 (55.7) 6(42.9 2(66.7
Admitted to ICU, n (%) 400
No 67 (51.1) 5(35.7 1(33.3
Yes 64 (48.9) 9(64.3 2(66.7)
Patient disposition, n (%) 129
Living 109 (83.2) 14 (100.0) 3 (100.0)
Deceased 22 (16.8) 0 (0.0 0 (0.0)
Disease severity, n (%) .260
Moderate 72 (55.0 5(35.7 2 (66.7
Severe 59 (45.0) 9(64.3 1(33.3)
Race/ethnicity, n (%) .010
Non-Hispanic White 62 (50.0) 3(21.4 0(0.0)
Non-Hispanic Black 42 (33.9) 11 (78.6 2 (66.7)
Hispanic 20 (16.1) 0(0.0) 1(333

ap-value for Kruskal-Wallis rank sum test (continuous variable) or Fisher’s exact test (categorical variable) between urine antigen detection (UAD) positive and no

Eneumococcal detection.

Numbers may not sum to totals due to missing data, and column percentages may not sum to 100% due to rounding.

uals testing positive at least once in either sample type are de-
tailed in Fig. 1. None tested positive by both RT-qPCR and urine
for pneumococcus. A total of three individuals returned indeter-
minate UAD results, which were treated as negative in the remain-
ing analyses. For the eight urine samples which tested positive by
SSUAD, serotypes detected included 4, 5, 17F, 22F, and 19A in one
patient each and 33F in three separate patients. None of the indi-
viduals had received a pneumococcal vaccination in the 30 days
prior to testing UAD-positive.

Characteristics associated with detection of
pneumococcus

With just 14 positive UAD samples, definitive associations cannot
be inferred. However, there were some demographic differences
between patients with and without detection of pneumococcus,
including larger reported family sizes amongst those with pneu-
mococcal carriage (Table 2). Detection of pneumococcus by both
UAD and qPCR was more common in non-Hispanic Black patients.

Pneumococcus was detected by UAD more commonly in severe
than moderate cases of COVID-19 [Fig. 2; OR: 2.20; 95% CI: (0.72,
7.48)]. Severe disease was more frequent in non-Hispanic Black
patients as compared to non-Hispanic White patients [OR: 1.92,
95% CI: (0.93, 4.02)].

Death was less common in UAD-positive patients; if the case-
fatality rate of 16.8% amongst those patients who did not test pos-
itive by UAD were applied to those who were UAD-positive, we
would have expected 2-3 (2.7) deaths in this latter group of 14 pa-
tients. However, the numbers were small for both severe disease
and death with a high degree of uncertainty.

Discussion

Based on previously identified interactions between pneumo-
coccus and viral respiratory pathogens, there was concern that
pneumococcus and SARS-CoV-2 could synergistically interact and
contribute to the burden from the pandemic. With other viral-
bacterial coinfections, the primary viral infection induces changes
in the host (immune response, integrity of the airway epithe-
lium), and carried bacteria—including pneumococci—which then
increases the likelihood that bacteria can both proliferate and
cause severe infection (Bosch et al. 2013). Moreover, increasing
evidence exists suggesting that bacteria can influence host im-
mune responses to viruses (Carniel et al. 2021, Mitsi et al. 2022).
Therefore, we hypothesized that mixed infections between bac-
teria and viruses could influence the severity of the initial viral
infection. To evaluate this hypothesis, we tested saliva and urine
samples collected from COVID-19 inpatients in 2020 for markers
indicative of the presence of pneumococcal carriage and infection.
While detection of pneumococcus in saliva by culture was low rel-
ative to previously reported prevalence for nonelderly (Wyllie et
al. 2016a) and elderly adults in the community (Krone et al. 2015),
detection of pneumococcal antigens by UAD (11.0%), was similar
to levels previously reported throughout the USA amongst older
adults with community-acquired pneumonia (CAP; Sherwin et al.
2013). This, together with similar findings from Italy (13.0%; Desai
et al. 2020) and Spain (9%; Anton-Vazquez and Clivillé 2021), sug-
gests that secondary infections in COVID-19 patients may be on
par with prepandemic rates of detection in CAP.

Despite decreased rates of invasive pneumococcal disease (IPD)
reported from around the world during the study period, with
respiratory viruses other than SARS-CoV-2 rarely reported both
locally and internationally, LRTI with pneumococcus was still
detected. While the small number of patients made it difficult
to draw firm conclusions, pneumococcus was more commonly
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Figure 1. Pneumococcal detection in COVID-19 inpatients. Of the COVID-19 inpatients who tested positive for pneumococcus, detection was
exclusively via PCR testing of culture-enriched saliva (indicating carriage; green) or urine antigen detection (UAD, indicating pneumococcal etiology;
blue). For some individuals, multiple samples were tested, as shown by points connected by the solid line. Note: a positive UAD result that follows a
negative UAD does not necessarily indicate a new acquisition, but can occur due to either imperfect UAD test sensitivity or low level infection or prior
carriage that was insufficient to trigger a positive UAD result. Individuals are sorted by time from admission to first positive test for pneumococcus.
The dashed line indicates separation of individuals with COVID-19 cases classified as severe (top) and moderate (bottom). All COVID-19 inpatients who
tested positive for pneumococcus survived.
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Figure 2. Outcome measures of COVID-19 infection categorized by pneumococcal status. UAD-positive individuals are disproportionately categorized
as severe disease, particularly in comparison to the other pneumococcal statuses (positive by culture of saliva or not detected). Despite this, no
culture—nor UAD-positive individuals died while hospitalized for COVID-19.



detected by UAD in individuals with severe COVID-19. Larger
datasets that would allow for multivariate analysis would pro-
vide additional insights on this question. Further questions can
be raised as to whether a UAD-positive CAP (vs. pneumococcal
CAP with a false negative UAD) is predictive of disease severity
or whether more severe cases of COVID-19 are more likely to de-
velop a secondary pneumococcal pneumonia due to existing dis-
ease pathology.

The interaction of severe COVID-19 and pneumococcal detec-
tion may be confounded by the role of race-driven inequities, such
as residential segregation and inadequate delivery of high-quality
care, which can lead to increased exposure to pneumococcus and
SARS-CoV-2 as well as increased severity of COVID-19 outcomes.
More data are needed to adequately address the role of racial in-
equity, in understanding pneumococcal pneumonia in COVID-19
patients throughout the pandemic.

Amongst individuals testing positive for pneumococcus by ei-
ther culture or UAD, none tested positive by both. PCR testing of
culture-enriched saliva is intended for detection of carriage and
requires the ability to isolate viable bacteria (Huijts et al. 2013).
Culture-enrichment of saliva limits detection to living bacteria
(Wyllie et al. 2014), excluding the detection of bacteria killed by
antibiotic use. Prior studies suggest that antibiotic use in inpa-
tients may be upwards of 70% (Langford et al. 2020). Our study
population had a similar level of antibiotic use (64.9%) at any
point during hospitalization for COVID-19. With such a high level
of antibiotic usage, our estimates of the proportion of pneumonia
due to pneumococcus, as well as pneumococcal carriage detected,
may be underestimated and may have led to misclassification of
pneumococcal status.

A total of three of eight serotypes detected by SSUAD were
serotypes covered by PCV13, with seven of eight contained in
PCV15, PCV20, and 23-valent pneumococcal polysaccharide vac-
cine (PPV23). While PPV23 is not considered to provide substan-
tial protection against nonbacteremic pneumonia by the US CDC
(Smith et al. 2013), conjugate vaccines do. If serotype distribu-
tion is confirmed by larger studies, new higher-valency PCV15 and
PCV20 could provide substantial public health benefit to the older
adult population.

One of the major limitations of this study is small sample size.
Future studies could be expanded to include more individuals
of varying disease severities and demographic and socio-ecologic
backgrounds with more complete sample and data collection.
This could be done both retrospectively through chart reviews and
analysis of previously stored samples or prospectively with new
cases and data collection. Increasing longitudinal saliva and urine
collection during both inpatient and outpatient stay to monitor
both existing and newly acquired carriage as well as secondary
infection throughout the duration of disease could help inform
important questions on the roles of these different types of pneu-
mococcal states. Furthermore, longitudinal surveillance on both
the general community as well as inpatients would best inform
viral-bacterial interactions in disease pathogenesis, including the
interaction between SARS-CoV-2 and pneumococcus.

In conclusion, these data confirm that patients hospitalized
with COVID-19 continued to experience LRTI with S. pneumoniae
despite dramatic declines in IPD and are suggestive of an associa-
tion between detection of pneumococcus and severity of COVID-
19. Future studies should aim to more deeply and longitudinally
explore these dynamics to better assess how pneumococcal car-
riage may interact with SARS-CoV-2 to influence COVID-19 sever-
ity, as well as the degree to which the combination of COVID-19
and pneumococcal infection influence disease outcomes.
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Role of the funder

This study was performed as a collaborative research project be-
tween researchers (D.M.W. and A.L.W.) at the Yale School of Public
Health and Pfizer. The study protocol was designed by the Yale re-
searchers in consultation with Pfizer. The decision to publish was
made by the Yale researchers in consultation with Pfizer; all au-
thors agree with the decision to publish and with the results of
the study.
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