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Higher levels of bacterial DNA in serum associate with severe

and fatal COVID-19

To the Editor,

Successful immune responses to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) usually limit viral replication, prevent tis-
sue damage, and promote recovery, but in a subset of cases, infection
with this virus can lead to severe or fatal outcomes. The most severe
forms of coronavirus 2019 (COVID-19) disease are associated with ex-
aggerated immune responses involving a wide range of inflammatory
mediators that disrupt organ homeostasis, reprogram human metabo-
lism, drive a hypercoagulation state, and destroy cells and tissues.>?
However, the molecular triggers that underpin these uncontrolled and
hyperinflammatory immune responses are not well understood.

A low level of bacterial-derived cellular fragments is present in
the systemic circulation of healthy individuals, but levels increase
significantly under disease conditions where translocation of bacte-
ria and bacterial components can initiate and intensify inflammatory
cascades.® In this study, we tested the hypothesis that translocation
of proinflammatory bacterial components across a compromised ep-
ithelial barrier into the systemic circulation occurs in those with the

most severe outcomes to SARS-CoV-2 infection.

As a marker for bacterial translocation into the circulation, we
quantified bacterial DNA levels in 351 serum samples from 171
hospitalized COVID-19 patients, 56 serum samples from 24 Long
COVID patients (longer than 4 months since hospital discharge),
and 29 serum samples from healthy volunteers (obtained prior to
the pandemic), using the Femto bacterial DNA quantification kit (see
Appendix S1 for details). All patients or healthy volunteers signed
a patient informed consent, and the study was approved by local
ethics committees (EKOS 20/058 for St. Gallen, Geneva, and Ticino,
and The Clinical Research Ethics Committee of the Cork Teaching
Hospitals for Cork University Hospital). Baseline characteristics, un-
derlying comorbidities, and medication use for these patients have
already been described in detail and are summarized in Table 51.45
Bacterial DNA levels in serum were significantly higher in patients
hospitalized for COVID-19 (Figure 1A). These high levels of bacte-
rial DNA in serum declined over time and were no longer elevated
relative to controls within 3-4 weeks. Serum bacterial DNA levels
in Long COVID patients (greater than 4 months following hospital-

ization) were similar to those in healthy volunteers, suggesting that
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increased translocation of bacterial cells/ DNA does not persist be-
yond the acute phase of COVID-19 infection (Figure 1B).

We next examined if bacterial DNA levels in the earliest serum
sample obtained following study enrollment after admission to the
intensive care unit (ICU) or the hospital ward was associated with
disease severity. Patients were categorized to have mild disease if
there were no radiographic indications of pneumonia, and moder-
ate disease if pneumonia with fever and respiratory tract symptoms
were present. Severe disease was defined as a respiratory rate 230
breaths per minute, oxygen saturation <93% when breathing ambi-
ent air or Pa02/FiO2 <300 mm Hg, or anyone that required mechan-
ical ventilation. Only those that died during their hospital stay were
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FIGURE 1 Bacterial DNA levels in serum. (A) Bacterial DNA levels
were quantified in serum samples obtained during week 1 (n = 207
samples from 171 patients), week 2 (n = 82 samples from 82 patients),
week 3 (n = 38 samples from 38 patients), week 4 (n = 13 samples
from 13 patients), or week 5 (n = 11 samples from 11 patients)
following hospitalization for COVID-19. Serum samples from healthy
volunteers (controls, n = 29 samples from 29 healthy volunteers) were
included for comparison. (B) Bacterial DNA was quantified in serum
samples from healthy volunteers (n = 29 samples from 29 healthy
volunteers), Long COVID patients 4-6 months (n = 30 samples

from 24 patients), or 6-9 months (n = 26 samples from 24 patients)
following hospital discharge. *p < .05 ANOVA analysis

recorded as a SARS-CoV-2-related death in this study. Bacterial DNA
levels were highest in those patients with severe disease who had a
fatal outcome (Figure 2). Bacterial DNA levels were higher than the
highest level observed in healthy volunteers for 0%, 21%, 21%, or
39% of patients with mild COVID-19, moderate COVID-19, severe
COVID-19 that recovered, or severe COVID-19 with a fatal outcome,
respectively (Figure 2). Bacterial DNA levels in serum were not asso-
ciated with gender, BMI, or age (Figure S1). In addition, pre-existing
comorbidities such as hypertension, dyslipidemia, diabetes, or a
respiratory inflammatory disease (asthma or COPD) did not signifi-
cantly associate with bacterial DNA levels in serum of hospitalized
COVID-19 patients (Figure S2).

This study provides additional evidence for a loss of epithelial
barrier function in patients with severe COVID-19.° These data are
also consistent with the epithelial barrier hypothesis,3 which high-
lights the importance of immune responses to microbes that cross-
epithelial barriers damaged by external environmental factors such
as pollutants, toxins, or infections. Mechanisms may include the
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FIGURE 2 Serum bacterial DNA levels correlate with severity.
Bacterial DNA levels were quantified in serum samples from
healthy controls (n = 29), and the first serum sample obtained
following hospitalization for patients with mild COVID-19 (h = 11),
moderate COVID-19 (n = 28), patients with severe COVID-19

who survived (n = 90), and patients with severe COVID-19 that
died (n = 42). The dotted line indicates the cut-off value for the
highest bacterial DNA level in serum from healthy volunteers.
Bacterial DNA levels were higher than the highest level observed in
healthy volunteers for 0%, 21%, 21%, or 39% of patients with mild
COVID-19, moderate COVID-19, severe COVID-19 that recovered,
or severe COVID-19 with a fatal outcome, respectively. Statistical
significance was determined using the Kruskal-Wallis test and
Dunn's multiple comparison test
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direct consequences of viral infection in epithelial cells or impaired
barrier function may be indirectly caused by infection-related in-
flammatory mediators, oxidative stress, or microvascular thrombo-
sis. Higher levels of bacterial DNA would likely be accompanied by
higher levels of bacterial cell wall components such as lipopolysac-
charide and peptidoglycan, which have potent immunostimulatory
properties. However, we do not know the origin of the bacterial
DNA, or if it came from live, senescent, or fragmented bacteria. In
addition, we cannot determine a cause-and-effect relationship from
our data, as a pre-existing deficit in the epithelial barrier may contrib-
ute to pathology and severity, or the barrier may have become com-
promised only following SARS-CoV-2 infection. Nevertheless, early
detection of elevated bacterial DNA levels in serum could be ben-
eficial for planning clinical management of patients with COVID-19,
while interventions designed to improve host epithelial barriers as
preventative or therapeutic strategies should be further explored to
mitigate the most serious outcomes of SARS-CoV-2 infection.
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