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Background. Limited clinical data suggest a ~16% prevalence of bacterial superinfections among critically ill patients with
coronavirus disease 2019 (COVID-19).

Methods. We reviewed postmortem studies of patients with COVID-19 published in English through September 26, 2020, for
histopathologic findings consistent with bacterial lung infections.

Results. Worldwide, 621 patients from 75 studies were included. The quality of data was uneven, likely because identifying
superinfections was not a major objective in 96% (72/75) of studies. Histopathology consistent with a potential lung superinfection
was reported in 32% (200/621) of patients (22-96 years old; 66% men). Types of infections were pneumonia (95%), abscesses or
empyema (3.5%), and septic emboli (1.5%). Seventy-three percent of pneumonias were focal rather than diffuse. The predominant
histopathologic findings were intra-alveolar neutrophilic infiltrations that were distinct from those typical of COVID-19-associated
diffuse alveolar damage. In studies with available data, 79% of patients received antimicrobial treatment; the most common agents
were beta-lactam/beta-lactamase inhibitors (48%), macrolides (16%), cephalosoprins (12%), and carbapenems (6%). Superinfections
were proven by direct visualization or recovery of bacteria in 25.5% (51/200) of potential cases and 8% of all patients in postmortem
studies. In rank order, pathogens included Acinetobacter baumannii, Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella

pneumoniae. Lung superinfections were the cause of death in 16% of potential cases and 3% of all patients with COVID-19.

Conclusions.

Potential bacterial lung superinfections were evident at postmortem examination in 32% of persons who died

with COVID-19 (proven, 8%; possible, 24%), but they were uncommonly the cause of death.
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The world is in the midst of a pandemic precipitated by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
causative agent of coronavirus disease 2019 (COVID-19). It is
clear that bacterial superinfections, in particular pneumonias,
can complicate COVID-19 [1]. However, data on the frequency
of superinfections and their microbiology, treatment, and out-
comes are incomplete. In a review of published COVID-19
studies, bacterial superinfections were reported in ~8% and
~16% of hospitalized and critically ill patients, respectively
[2]. Lung infections, in particular health care- and ventilator-
associated pneumonias, accounted for most cases, followed
by other types of nosocomial infections; community-acquired
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infections were less common [1]. These data must be inter-
preted with caution because most COVID-19 studies have not
included superinfections, or they have presented them as sub-
sidiary rather than major end points. Clinical, microbiologic,
and antimicrobial susceptibility data were usually limited and
presented in passing; standardized diagnostic testing and rig-
orous case definitions of infections were rarely employed [1].
More comprehensive data on superinfections are crucial for un-
derstanding the spectrum of COVID-19 and its complications,
and in optimizing patient care and antimicrobial stewardship.
Autopsies and other postmortem examinations are pow-
erful but underutilized resources for understanding disease
pathogenesis and manifestations [3, 4]. Histopathologic
studies of archived tissue samples demonstrated that bac-
terial pneumonia, mostly commonly due to Streptococcus
pneumoniae, was a leading cause of death among pa-
tients with influenza during the 1918-1919 pandemic [5].
Postmortem studies of patients dying with COVID-19 were
initially limited by concerns over potential disease transmis-
sion [3]. Recently, however, autopsy studies have been pub-
lished from throughout the world that have defined diffuse
alveolar damage (DAD) as the histopathologic hallmark of
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severe SARS-CoV-2 infection [6]. The most common cause
of death is acute respiratory distress syndrome (ARDS) stem-
ming from DAD, often complicated by cardiopulmonary and
other organ failure [6, 7]. To date, postmortem data on infec-
tions complicating COVID-19 have not been collated. We hy-
pothesized that postmortem studies would give insight into
the frequency, clinical and microbiologic features, and se-
verity of bacterial superinfections. In this study, we reviewed
published reports of persons who died with COVID-19 in
whom postmortem histopathologic findings were consistent
with bacterial lung infections.

METHODS

Review of Literature and Inclusion Criteria

We conducted a PubMed search of papers published in the peer-
reviewed, English language literature through September 16,
2020, using the terms “coronavirus disease 2019,” “COVID-19,

» <«

“novel coronavirus,” “severe acute respiratory syndrome virus

» «

coronavirus-2” or “SARS-CoV-2” and “autopsy, “postmortem,’
or “histopathology.” Studies were considered for inclusion if
they presented histopathologic data from postmortem samples
of lungs from SARS-CoV-2-infected persons. Papers cited in el-
igible studies identified by PubMed searches were also reviewed.
Cases were included if they described histopathologic findings
in the lung that were consistent with bacterial superinfections
(see definitions below). An author of this study (C.J.C. and/
or I.S.S.) contacted the corresponding authors of eligible post-
mortem studies by e-mail with requests for clarification of pub-
lished data, as well as queries about pathogen visualization and
culture and polymerase chain reaction (PCR) results that may
not have appeared in the respective publications.

Definitions

Proven superinfections were defined if bacteria were directly
visualized in lung tissue or detected by culture or PCR in pa-
tients for whom histopathologic findings were consistent with
superinfection. Culture results described as “mixed flora” or
“consistent with postmortem contamination” were excluded.
Histopathology consistent with superinfection was defined as (a)
descriptions of intra-alveolar and/or peribronchial neutrophilic
infiltrates that were distinct from diffuse interstitial and mild
intra-alveolar neutrophil accumulations typically seen with
DAD; (b) intra-alveolar and/or peribronchial neutrophilic in-
filtrates that were described as distinct from typical findings of
proliferative, organizing, or fibrotic DAD; (c) statements that
findings were “consistent with bacterial pneumonia”; or (d)
direct visualization of bacteria within tissue [8, 9]. Possible su-
perinfection was defined as a case in which histopathology was
consistent with superinfection, but bacteria were not visualized
in tissue, or detected by culture or PCR. Potential superinfections
encompassed both proven and possible superinfections.

RESULTS

Potential Lung Superinfections

From 75 published postmortem studies, we identified 621 pa-
tients with COVID-19 for whom descriptions of lung histopa-
thology were provided [8-82]. Ninety-six percent (72/75) of
studies did not have a stated objective of specifically investigating
superinfections. Histopathologic findings that were consistent
with potential bacterial lung superinfections were reported in
32% (200/621) of patients (Table 1). These patients were from
the United States (59 patients, 16 studies), Austria (27 patients,
3 studies), Germany (21 patients, 5 studies), Switzerland (12 pa-
tients, 3 studies), Brazil (12 patients, 2 studies), Italy (9 patients,
2 studies), Belgium (10 patients, 2 studies), Iran (10 patients,
2 studies), the Netherlands (7 patients, 1 study), the United
Kingdom (5 patients, 2 studies), Spain (5 patients, 1 study),
China (3 patients, 3 studies), Romania (2 patients, 1 study),
Japan (1 patient, 1 study), and either the United States or Italy
(17 patients, 1 study). At least 1 patient with a potential bacterial
lung superinfection was included in 60% (45/75) of the studies.
Relevant tissue samples were obtained at open autopsy (84.5%,
169/200) or by ultrasound-guided minimally invasive autopsy
(12%, 24/200) or other biopsy method (7/200, 3.5%). Dates of
COVID-19 cases were stated or inferred in 66 studies; in each
of 536 cases, postmortem examinations were performed before
the end of May 2020. Thirty percent (160/536) of patients in
these studies had lung histopathologic findings consistent with
potential bacterial superinfection.

Patients with potential bacterial lung superinfections ranged
from 22-96 years of age; 66% (90/136) and 34% (46/136) of those
for whom data were presented were men and women, respec-
tively. Predominant symptoms were fever, cough, and dyspnea,
which were first noted 0-100 days before death. Information
on antibiotic treatment was provided in 53% (24/45) of studies.
In these studies, 79% (75/95) and 21% (20/95) of patients were
treated or not treated with antibacterial agents, respectively.
Among 50 patients for whom specific treatment was listed,
the most commonly prescribed antibiotics were beta-lactam/
beta-lactamase inhibitors (48%, 24/50), macrolides (16%,
8/50), cephalosporins (12%, 6/50), carbapenems (6%, 3/50),
clindamycin (4%, 2/50), linezolid (4%, 2/50), and vancomycin
(2%, 1/50).

Histopathologic findings in patients with potential lung
infections were consistent with bronchopneumonia, lobar
pneumonia, or diffuse pneumonia (95%, 191/200), lung ab-
scesses or empyema (3.5%, 7/200), and pulmonary septic
thromboemboli (1.5%, 3/200) (Table 1). The most common
histopathologic descriptions were neutrophilic infiltrations
of alveoli in a manner distinct from that typically seen with
DAD or explicit statements that findings were “consistent
with bacterial pneumonia.” For cases in which descriptions
were provided, 73% (73/100) and 27% (27/100) of potential
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pneumonias were focal and diffuse/extensive, respectively.
Histopathology-proven infections occurring with lung in-
fections included central nervous system infections (2 pa-
tients), multisystem abscesses, liver abscesses, endocarditis,
nonpulmonary septic thromobemboli, mediastinal lymphad-
enitis, and peritonitis (1 patient each).

Proven and Possible Lung Superinfections

Proven superinfections were identified by direct tissue visuali-
zation of bacteria, microbiologic cultures, and/or postmortem
PCR in 25.5% (51/200) of patients with otherwise consistent
histopathologic findings. Among the entire cohort, proven
bacterial infections were identified in 8% (51/621) of patients.
Pathogens identified by direct visualization, culture, and PCR
are listed in Table 2.

Possible superinfections were identified in the remaining
74.5% (149/200) of patients, in whom histopathologic find-
ings were consistent with an infection, but bacteria were not
visualized in tissue or detected by culture or PCR. There
were no significant differences in histopathologic findings
among patients with proven or possible superinfections
(other than in detection of pathogens), those with potential
lung superinfections in the community vs hospital, those
who received mechanical ventilation vs those who did not,
those from different continents (data not shown), or those
presenting in different months.

Lung Superinfections as Causes of Death

Lung superinfections were the cause of death of 16% (16/97)
of patients with potential bacterial infections for whom a cause
of death was assigned. In the remaining 84% (81/97) of cases,
deaths were not due to bacterial superinfection. The most com-
monly attributed cause of death was respiratory failure due to
COVID-19. Lung superinfections were the cause of death of 3%
(16/621) of all patients who underwent postmortem examina-
tion for whom a cause of death was assigned.

DISCUSSION

This is the first comprehensive review of postmortem studies of
persons with COVID-19 for histopathologic evidence of bac-
terial superinfections. The quality of data on superinfections
was uneven, which likely reflected the fact that identifying such
events was not a major objective or end point in 96% of studies.
As such, detailed clinical, microbiologic, and histopathologic
descriptions of these infections were often lacking, and accom-
panying discussions were largely cursory. Histopathologic find-
ings that were consistent with potential lung superinfections
were evident in 32% of patients. Lung infections were proven
by visualization of bacteria in tissue, microbiologic cultures, or
PCR in 8% of patients. In 24% of patients, lung superinfections
were possible based on histopathologic findings, but causative
organisms were not visualized or detected. Potential (ie, proven
or possible) bacterial superinfections included pneumonia
(95%), abscesses or empyema (3.5%), and septic emboli (1.5%).
In 73% of pneumonias, histopathologic findings were focal,
and, in many instances, they were of uncertain clinical sig-
nificance (see descriptions in the Table 1 comments column).
When causes of death were assigned, lung superinfections were
deemed responsible in only 16% of patients with potential in-
fections and 3% of all SARS-CoV-2-infected patients. Given the
limitations cited above, the data must be interpreted with cau-
tion. Nevertheless, our review indicates that 8%-32% of persons
who have died thus far with COVID-19 had superinfections
of the lungs, but such infections were uncommonly the cause
of death.

The findings here were broadly in keeping with data from
COVID-19 clinical studies, in which bacterial superinfections
were reported in ~16% of critically ill patients [2]. Seventy-
nine percent of patients with possible lung superinfections in
our review were treated with antibiotics, which is consistent
with the 71% treatment rate in a living review of hospitalized
COVID-19 patients [2]. With rare exception, postmortem
studies and clinical reports were not designed to specifically

Table 2.

Causes of Proven Bacterial Lung Infections in Postmortem Tissue Samples of Patients With COVID-19

Direct Visualization of Bacteria in Tissue, No.

Positive Culture Results for Bacteria, No.

Positive PCR Results for Bacteria, No.

Bacteria NOS, 24

Acinetobacter baumannii, 12

Streptoococcus spp., 3

Staphylococcus aureus, 10

Pseudomonas aeruginosa, 10

Klebsiella pneumoniae, 8

Escherichia coli, 3

Stenotrophomonas maltophilia, 2
Enterococcus spp., 2

Proteus mirabilis, 1

Enterobacter cloacae, 1

Coagulase-negative Staphylococcus, 1

“Mixed flora,” 3°

Abbreviations: COVID-19, coronavirus disease 2019; NOS, not otherwise specified; PCR, polymerase chain reaction.

#“Mixed flora” typically are ascribed to postmortem contamination; these cases were not included as potential superinfections in our series.
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detect or define superinfections [1]. A somewhat higher prev-
alence of bacterial lung infections in postmortem studies may
reflect increased likelihood of these events among patients who
die, or an overestimation of cases. In the absence of direct vis-
ualization or recovery of pathogens, superinfections would be
overestimated in postmortem studies if histopathologic find-
ings such as acute neutrophil infiltration of alveoli were caused
by SARS-CoV-2 or other agents, rather than by bacteria.
Conversely, bacterial infections may be understated in post-
mortem studies if tissue sections were from uninvolved areas of
the lung. It is also possible that widespread empiric antibiotic
treatment led to underdiagnosis of antemortem pneumonia,
even if postmortem histopathologic findings were supportive
of infection. We found bacterial lung superinfections identified
by postmortem examination that were not suspected clinically
[49], as well as cases that were suspected clinically but not con-
firmed by histopathology [9]. Taken together, the data attest to
the challenges in diagnosing non-SARS-CoV-2 infections in
patients with COVID-19, and in making sound treatment deci-
sions in accordance with antimicrobial stewardship principles
[1, 83].

Studies that sought etiologic agents of infection largely
identified nosocomial pathogens that cause health care- and
ventilator-associated pneumonia, including nonfermenting and
fermenting gram-negative bacteria (most notably, Acinetobacter
baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, Stenotrophomonas maltophila) and Staphy-
lococcus aureus (Table 2). Postmortem cultures of tissues are
susceptible to microbial contamination [4], but this possibility
was mitigated in our study by the presence of supportive his-
topathology, recovery of plausible bacterial pathogens, and
exclusion of results that described “mixed flora” or organisms
“consistent with postmortem contamination” Streptococcus
species or other bacteria that typically colonize the upper res-
piratory tract were identified uncommonly in COVID-19
postmortem examinations, which marks a difference with
findings of autopsy studies of lungs from patients dying with
superinfections during the 1918-1919 influenza pandemic [5].
In postmortem studies of influenza during the 1918-1919 and
1957 pandemics, S. aureus, Strepotococcs species, and tissue
culture-negative pneumonias were prominent; the gram-nega-
tive pathogens described in patients with COVID-19 were rare.
[5, 84]. It is possible that patients in our cohort were more likely
to receive broad-spectrum antibiotics and undergo mechan-
ical ventilation than patients with influenza in 1918-1919 and
1957, which may have contributed to our finding of greater inci-
dence of pneumonias by gram-negative bacteria. Over the past
20 years, a growing body of experimental research has identi-
fied viral-mediated alterations to host cells and immune system
function that promote pathogenesis of influenza-associated
lung infections [85, 86]. It is unclear if DAD or immune system
derangements caused by SARS-CoV-2 are also predisposing

conditions for secondary pneumonia, or if these infections stem
from risks associated with hospitalization or serious illnesses in
general [15].

In most reports included in our review, superimposed pneu-
monia was observed in association with COVID-19-associated
DAD. The intra-alveolar and peribronchial neutrophilic infil-
trates characteristic of bacterial pneumonia are typically more
extensive than observed during acute DAD, which usually ex-
hibits diffuse but less intense interstitial and mild intra-alveolar
neutrophil accumulations [8, 9]. Despite these distinctions, it
was often difficult to distinguish between DAD complicated by
a possible superimposed pneumonia and DAD that reflected
the natural course of SARS-CoV-2 infection [20]. In keeping
with histopathologic findings, transcriptional profiling of post-
mortem lung samples from patients with COVID-19 revealed
enrichment of genes involved in neutrophil activation and
neutrophil-mediated immunity, including those contributing
to generation of neutrophil extracellular traps (NETs) [87].
NETs may be induced by bacterial-derived mediators, but they
are well described in COVID-19 autopsies in the absence of
lung superinfections [50]. Pulmonary neutrophilia may also
be attributable to chemoattractant properties of complement
deposition, which can be another histopathologic feature of
COVID-19 [37].

We acknowledge that postmortem studies face inherent
biases due to the selection of fatal cases, including potential
for over-representation of severe pathology and descriptions
of histopathologic and microbiologic patterns that may differ
from those observed in disease survivors [4, 51]. Our review
was limited to bacterial lung infections because they are the
most common superinfections in COVID-19 case series [1], the
majority of postmortem reports have focused on the respiratory
tract, and histopathologic studies of other anatomic systems
usually have not addressed superimposed infections. The overall
prevalence of superinfections is higher than identified here, as
bloodstream, urinary tract, skin and soft tissue, Clostridiodes
difficile, and other nosocomial infections also occur in SARS-
CoV-2-infected patients [1]. The vast majority of postmortem
examinations were from COVID-19 epicenters during the early
months of the pandemic. The incidence, outcomes, and clinical,
microbiologic, and pathologic features of superinfections may
change as management of COVID-19 evolves and strains on
health care personnel and resources fluctuate. Scant data were
presented on antimicrobial resistance (AMR) in postmortem
studies. Nevertheless, the bacteria reported in studies are well
recognized for their propensity to develop AMR. The impact of
COVID-19 on AMR is unclear [88]. However, it is reasonable
to assume that microbiology and susceptibility patterns will be
in keeping with local epidemiology and that trends of emerging
AMR pathogens (such as increasing prevalence of extended
beta-lactamase-producing Enterobacteriaceae in the United
States) will continue [1].
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CONCLUSIONS

Postmortem histopathology data indicate that bacterial lung
superinfections complicated a minority of COVID-19 cases
globally over the first months of the pandemic, and they were
uncommonly the cause of death. It is plausible that the features
and impact of superinfections will change as the pandemic pro-
gresses, particularly as mortality rates have declined in hospi-
talized patients and as the roles of corticosteroids and other
immunomodulatory drugs evolve [89]. Antimicrobial stew-
ardship will continue to be a priority, as antibacterial use in
SARS-CoV-2-infected patients is likely to remain in excess of
superinfections [1, 83]. It is imperative that centers collect and
publish their clinical, microbiology, antimicrobial prescribing,
and AMR data, using rigorous, systematic testing strategies
and clearly stated case definitions. There is a pressing need for
well-designed prospective studies, particularly as COVID-19
treatment paradigms shift. The failure of many postmortem
studies to discuss or seriously investigate superinfections is a
major missed opportunity. In future studies, greater attention
should be paid to identifying potential bacterial infections,
including those of organs other than the lungs, and to cou-
pling histopathologic findings with clinical data. Other prior-
ities are to identify risk factors for superinfections, including
those specific to SARS-CoV-2 infection, define relationships
between timelines of superinfections and corresponding mi-
crobiology and AMR patterns, and understand the accuracy of
antemortem diagnoses of pneumonia and their impact on anti-
microbial usage and patient outcomes.
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