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Synergistic interactions between re-
spiratory viruses and Streptococcus 
pneumoniae (pneumococcus) have 
been extensively investigated. Although 
impactful viral–pneumococcal inter-
actions have been described with 
common respiratory viruses, including 
human rhinovirus and respiratory syn-
cytial virus [1–4], these interactions have 
been most widely studied with influenza 
and pneumococcus, in part, prompted by 
the dramatically increased mortality due 
to secondary pneumococcal pneumonia 
during the 1918 influenza A/H1N1 pan-
demic [5–12]. It has been hypothesized 
that respiratory viral infections create 
favorable conditions in the nasopharyn-
geal mucosa for colonizing pneumococci 
to invade, leading to mucosal disease 
such as pneumonia and otitis media, as 
well as invasive pneumococcal diseases 
(IPD), including bacteremia and menin-
gitis. Several mechanisms for viral facili-
tation of bacterial colonization have been 
proposed. Respiratory viruses may alter 
the integrity of the respiratory epithelia, 

enhancing conditions for bacterial ad-
herence and translocation, as well as 
inducing factors required for bacterial 
adherence and by influencing immuno-
logical defenses of the host epithelium 
[13]. Epidemiological and ecological ob-
servations suggest that coinfection with 
respiratory viruses such as influenza, 
human rhinovirus, and respiratory syn-
cytial virus is common in children with 
pneumococcal pneumonia and IPD [14, 
15], and rates of IPD temporally correlate 
with periods of high activity of these vir-
uses [4, 16, 17].

Despite the widespread global ef-
fects of the coronavirus disease 2019   
(COVID-19) pandemic, until now little 
has been reported regarding the poten-
tial bacterial, specifically, pneumococcal 
interactions with severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), 
the virus associated with COVID-19. 
Several earlier studies that used various 
methods and definitions to identify 
bacterial coinfections in patients hospi-
talized with COVID-19 have reported 
coinfection frequencies that ranged from 
3.5% for confirmed community-onset 
bacterial infection [18] to 28% among pa-
tients admitted to the intensive care unit,   
when detections of respiratory bacteria 
in multiplex panels from upper respira-
tory samples were included in the def-
inition [19–21]. In one study, while the 
overall frequency of secondary bacterial 
infection, defined as bacterial detection 

in a bronchoalveolar lavage, bronchial, 
or sputum samples, was 8.5%, 35% of pa-
tients with “critical” disease were found 
to have secondary bacterial infection 
compared with only 4% of those with 
moderate and 9% with “severe” disease 
[20]. Another study that reported sec-
ondary bacterial infection (defined as 
positive blood or lower respiratory tract 
culture) frequencies of 15% overall, but 
frequencies of 50% of nonsurvivors com-
pared with 1% of survivors of COVID-19 
[21]. These important studies, however, 
did not examine the role of coinfection 
with specific bacteria, such as pneumo-
cocci, in COVID-19–associated clinical 
course and outcomes.

In this issue of Clinical Infectious 
Diseases, Amin-Chowdhury [22] and 
coauthors present one of the first exam-
inations of potential interactions that 
may occur in the setting of pneumo-
coccal and SARS-CoV-2 coinfection. 
The authors provide evidence to support 
a potentially synergistic relationship be-
tween SARS-CoV-2 and pneumococci, 
with markedly higher mortality associ-
ated with coinfection and/or secondary 
infection occurring within 28  days of 
the initial infection than with either in-
fection alone. The authors used national 
data from the well-established Public 
Health England (PHE) surveillance 
system, capturing clinical and micro-
biological data on all cases of IPD, de-
fined as pneumococcal detection from a 
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sterile site, since 2000. This surveillance 
platform also linked SARS-CoV-2 in-
fections identified in PHE laboratories 
and national hospitals, the main source 
of SARS-CoV-2 testing during the study 
period, and IPD during the pandemic 
period. They found that rates of IPD 
were significantly lower in 2019/2020 
than in 2018/2019 across all age groups, 
with the greatest reductions observed 
during March 2020 to June 2020, co-
inciding with the sharp rise in SARS-
CoV-2 detections and implementation 
of lockdown measures to reduce SARS-
CoV-2 transmission. Simultaneous 
SARS-CoV-2 infections and cases of 
IPD were uncommon and occurred pri-
marily in the early period of the pan-
demic. Even fewer cases of secondary 
infection occurred within 3–28  days of 
diagnosis of the first infection, with IPD 
preceding SARS-CoV-2 infection in all 
but 1 of the identified cases. However, 
despite being uncommon, after adjust-
ment for age, pneumococcal serotype, 
and gender, simultaneous IPD/COVID-
19 coinfections were associated with 
more than 7-fold higher odds and sec-
ondary COVID-19 following IPD was 
associated with nearly 4-fold higher 
odds of death within 28 days compared 
with IPD alone.

Much of the existing literature fo-
cuses on the risk of secondary bacterial 
infections following respiratory viral 
infections. The unique observations 
presented in this manuscript, that in-
fections appeared to occur primarily in 
the reverse sequence with IPD most fre-
quently followed by COVID-19, raises 
interesting questions. While the premise 
that respiratory viral infection may pre-
dispose to secondary bacterial infection 
is well studied, current understanding 
of a potential role for colonizing respira-
tory bacteria in influencing the response 
to subsequent viral infection is very 
limited. The findings presented by Amin-
Chowdhury and colleagues may suggest a 
hypothesis that infection with certain re-
spiratory bacteria may influence the risk 
of infection and severe illness associated 

with SARS-CoV-2 infection. This is of 
particular interest given that while some 
risk factors for severe disease associated 
with SARS-CoV-2 infection have been 
identified [21], these remain incom-
pletely described, and severe outcomes 
may occur even in individuals with no 
underlying comorbidities.

Nasopharyngeal pneumococcal colon-
ization, which is common in children as 
well as in adults with close contact with 
children, is typically asymptomatic but 
represents a critical initial step preceding 
the development of IPD. The authors’ 
finding that death occurred in nearly 
half of individuals with SARS-CoV-2 
infection within the 3- to 27-day period 
after IPD suggests that nasopharyngeal 
pneumococcal carriage prior to SARS-
CoV-2 exposure/infection may modify 
risk of severe COVID-19 illness. While 
data are limited, an earlier study con-
ducted by our group among young chil-
dren in rural Peru suggests that increases 
in the density of colonizing nasopharyn-
geal pneumococci during asymptomatic 
periods is associated with the subsequent 
development of acute respiratory illness 
within 4 weeks. The illnesses that fol-
lowed increases in pneumococcal density 
were typically mild, brief, and associated 
with detection of a respiratory virus, and 
the great majority resolved without anti-
biotics [23, 24]. This suggests a contrib-
uting role, but not necessarily a primary 
etiological role, for colonizing pneumo-
cocci in the pathogenesis of these mild 
“cold”-like respiratory illnesses that 
have typically been considered virus-
associated. Further study is needed to 
determine whether a similar contrib-
uting role exists for preexisting naso-
pharyngeal pneumococcal colonization 
in influencing the symptom course of 
SARS-CoV-2 infection.

While compelling, the findings pre-
sented by Amin-Chowdhury et al should 
be interpreted in the context of several 
important considerations. The authors 
acknowledge that very little commu-
nity testing was performed during 
the initial phase of the SARS-CoV-2 

pandemic, resulting in the majority of 
testing occurring in symptomatic pa-
tients who presented to the hospital for 
care. Therefore, that IPD occurred in the 
3- to 27-day period following mild SARS-
CoV-2 infection that was managed in the 
outpatient setting would have remained 
undetected as such. Additionally, it is not 
possible to determine the sequence of in-
fection in coinfection cases. Thus, while 
few secondary cases of IPD were ob-
served, the incidence of secondary IPD 
cases following COVID-19 may be under-
estimated. Furthermore, a number of the 
SARS-CoV-2 infections were acquired 
during the 3- to 14-day period after IPD 
diagnosis among patients with a negative 
SARS-CoV-2 test at hospital admission, 
suggesting the possibility of nosocomial 
acquisition among this vulnerable group. 
Additionally, from available data, it is 
difficult to estimate whether coinfection 
with SARS-CoV-2 and pneumococci oc-
curred at a rate that is greater than that 
expected by chance, given the dynamic 
patterns of SARS-CoV-2 circulation and 
detection throughout the early and later 
phases of the pandemic, as well as the 
national lockdown, which may have re-
sulted in unpredictable transmission pat-
terns for both pathogens differentially 
across specific subpopulations. Finally, 
while the significantly higher mortality 
observed in patients with coinfection 
or subsequent SARS-CoV-2 infection 
within 28  days after IPD is compelling, 
the authors note that most deaths oc-
curred in the elderly and among those 
with multiple comorbidities. Patients 
who are more medically frail and/or ex-
hibit certain comorbidities may be more 
likely to be exposed to and/or exhibit 
severe manifestations of pneumococcal 
and SARS-CoV-2 infection [20, 21, 25]. 
A more detailed understanding of this as-
sociation of SARS-CoV-2 and pneumo-
coccal infection with increased mortality 
could be strengthened by accounting for 
these potentially confounding factors in 
future studies.

Respiratory viral infections infect the 
nasal mucosa in the setting of a complex 
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and dynamic microbial community, and 
interactions that occur between respira-
tory viruses and nasopharyngeal bacteria 
may have important implications for dis-
ease pathogenesis and severity. Studies of 
pneumococcal infections associated with 
both the 1918 and the 2009 influenza 
pandemics as well as with other respira-
tory viral infections have underscored 
this concept. However, whether SARS-
CoV-2 and pneumococcal interactions 
exist in the upper respiratory tract and 
whether these dynamic interactions may 
alter the course of SARS-CoV-2 and/or 
pneumococcal infection remain largely 
unexplored. The findings presented by 
Amin-Chowdhury and colleagues re-
veal new and important insights into 
a potential synergistic interaction be-
tween SARS-CoV-2 and pneumococcal 
infection, findings that may contribute 
improved insight into the pathogenesis 
of SARS-CoV-2. Future studies that use 
longitudinal assessments, taking into 
account pneumococcal colonization and 
density patterns before, during, and after 
SARS-CoV-2 infection, will further eluci-
date the contributions of these potential 
interactions to SARS-CoV-2 pathogen-
esis and ultimately enhance response ef-
forts to this global threat.
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