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IMPORTANCE: The prevalence and causes of sepsis in patients hospitalized 
with COVID-19 are poorly characterized.

OBJECTIVES: To investigate the prevalence, clinical characteristics, and out-
comes of sepsis caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) versus other pathogens in patients hospitalized with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS: Cross-sectional, retrospective 
chart review of 200 randomly selected patients hospitalized with COVID-19 at 
four Massachusetts hospitals between March 2020 and March 2021.

MAIN OUTCOMES AND MEASURES: The presence or absence of sepsis was 
determined per Sepsis-3 criteria (infection leading to an increase in Sequential 
Organ Failure Assessment score by ≥ 2 points above baseline). Sepsis episodes 
were assessed as caused by SARS-CoV-2, other pathogens, or both. Rates of 
organ dysfunction and in-hospital death were also assessed.

RESULTS: Sepsis was present in 65 of 200 COVID-19 hospitalizations (32.5%), 
of which 46 of 65 sepsis episodes (70.8%) were due to SARS-CoV-2 alone, 17 of 
65 (26.2%) were due to both SARS-CoV-2 and non-SARS-CoV-2 infections, and 
two of 65 (3.1%) were due to bacterial infection alone. SARS-CoV-2–related organ 
dysfunction in patients with sepsis occurred a median of 1 day after admission (inter-
quartile range, 0–2 d) and most often presented as respiratory (93.7%), neurologic 
(46.0%), and/or renal (39.7%) dysfunctions. In-hospital death occurred in 28 of 200 
COVID-19 hospitalizations (14.0%), including two of 135 patients without sepsis 
(1.5%), 16 of 46 patients with sepsis (34.8%) due to SARS-CoV-2 alone, and 10 of 
17 patients with sepsis (58.8%) due to both SARS-CoV-2 and bacterial pathogens.

CONCLUSIONS: Sepsis occurred in one in three patients hospitalized with 
COVID-19 and was primarily caused by SARS-CoV-2 itself, although bacterial 
infection also contributed in a quarter of sepsis cases. Mortality in COVID-19 
patients with sepsis was high, especially in patients with mixed SARS-CoV-2 and 
bacterial sepsis. These findings affirm SARS-CoV-2 as an important cause of 
sepsis and highlight the need to improve surveillance, recognition, prevention, and 
treatment of both viral and bacterial sepsis in hospitalized patients with COVID-19.
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BACKGROUND AND OBJECTIVES

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection 
most frequently manifests as respiratory dysfunction but can also impair other 
organs via direct and indirect mechanisms. Thus, SARS-CoV-2 is a cause of 
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sepsis according to the Third International Consensus 
Definitions of Sepsis and Septic Shock (Sepsis-3), which 
defines sepsis as infection leading to an increase in 
Sequential Organ Failure Assessment (SOFA) score by 
greater than or equal to 2 points above baseline (1, 2).  
Sepsis tends to be underdiagnosed in COVID-19; 
however, rigorous data regarding its prevalence, clin-
ical characteristics, and outcomes are lacking (3, 4).  
A recent meta-analysis estimated the prevalence of 
sepsis in patients hospitalized with COVID-19 using 
the pooled frequency of organ dysfunction and replace-
ment from published COVID cohorts but was limited by 
heterogeneity in definitions, reliance on indirect prox-
ies for sepsis, and inability to distinguish between sepsis 
caused by SARS-CoV-2 versus other pathogens (3).  
We therefore investigated the prevalence of sepsis 
caused by SARS-CoV-2 versus other pathogens in 
patients hospitalized with COVID-19 and compared 
their characteristics and outcomes to patients without 
sepsis using detailed medical record reviews.

METHODS

We performed a cross-sectional, retrospective study 
of a random sample of 200 adult patients hospital-
ized with COVID-19 at four acute care hospitals in 
Massachusetts between March 1, 2020, and March 1, 
2021. COVID-19 hospitalizations were defined by pos-
itive SARS-CoV-2 polymerase chain reaction (PCR) 
tests from 3 days before admission through discharge 
or via institutional COVID-19 electronic medical re-
cord flags triggered by positive internal or external 
PCR tests. Encounters were excluded if the patient had 
a positive COVID-19 PCR or COVID-19 flag greater 
than 30 days prior to hospitalization or if the COVID-19  
flag associated with the admission lasted less than 5 
days, typically an indicator that the infection control 
team deemed infection to be resolved, remote, or a 
false positive result (5).

Of 5,563 COVID hospitalizations, 200 cases were 
randomly selected for medical record review including 
notes, laboratory and microbiology test results, vital 
signs, medication administration records, radiology 
reports and images, and pathology reports using a 
standardized data abstraction tool in the secure, web-
based application Research Electronic Data Capture 
Version 11.1.26 (2022, Vanderbilt University, Nashville, 
TN). Charts were reviewed for reason for admission, 

presence of COVID-19 symptoms, date of symptom 
onset, first positive PCR date, presence of non-SARS-
CoV-2 infections using previously described criteria 
for likelihood of infection (6), and presence or absence 
of sepsis. Receipt of anti-bacterial therapy was not 
considered sufficient evidence of bacterial infection in 
the absence of at least one other objective finding con-
sistent with bacterial infection (e.g., positive clinical 
cultures or compatible imaging).

Sepsis was defined as an increase in SOFA score 
by greater than or equal to 2 points from baseline, 
which was definitely or probably related to SARS-
CoV-2 or another infection as per Sepsis-3 criteria (2).  
Organ dysfunction was potentially attributable to 
non-SARS-CoV-2 pathogens only in cases where non-
SARS-CoV-2 infection was deemed at least possibly 
present. Identification of a specific pathogen (e.g., a 
positive blood or respiratory culture) was not required 
for sepsis to be considered potentially due to a non-
SARS-CoV-2 pathogen. A final determination was 
made of definite or probable, possible, or no SARS-
CoV-2–related and non-SARS-CoV-2–related sepsis; 
for our primary analysis, sepsis was dichotomized 
as definite/probable/possible versus no sepsis. For 
encounters that met criteria for both SARS-CoV-2– 
and non-SARS-CoV-2–related sepsis, episodes were 
determined to be temporally separate or concurrent 
(e.g., mixed COVID-19 and bacterial pneumonia). 
See Supplement Table 1 (http://links.lww.com/CCX/
A998) for criteria for infection and sepsis categories.

SOFA scores were manually calculated for the first 
24 hours of each sepsis episode. While an increase in 
SOFA score greater than 2 points was required to iden-
tify sepsis episodes per Sepsis-3 criteria, all organ dys-
functions equivalent to greater than or equal to 1 SOFA 
point within the first 24 hours of the episode were ab-
stracted and reported. Arterial oxygen saturation/Fio2 
ratios were used to identify respiratory dysfunction 
when arterial blood gases were unavailable (7).

All 200 cases were reviewed by a Pulmonary and 
Critical Care Medicine physician (C.N.S.); challenging 
cases (n = 27) were flagged for joint review with two 
infectious disease physicians (M.K., C.R.) to achieve 
consensus and ensure a standardized approach for all 
other cases.

Descriptive statistics were used to determine the 
prevalence and in-hospital mortality of sepsis in 
patients hospitalized with COVID-19. Measures of 
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association were not calculated; therefore, no statistical 
methods were used to control for confounding. Data 
analysis was done in Stata Version 17 (StataCorp, 2021, 
College Station, TX: StataCorp LLC). The study was 
approved by the Mass General Brigham Institutional 
Review Board (2020P001631).

RESULTS

Study Cohort

Among the 200 hospitalized patients with COVID-19,  
median age was 62 years (interquartile range [IQR], 
47–78 yr), 90 (45.0%) were female, comorbidities 
were common, median length of stay was 5 days 
(IQR, 3–9 d), and 45 (22.5%) required ICU admission 
(Table 1). One-hundred seventy-two patients (86.0%) 
had symptomatic COVID infections and 171 (85.5%) 
were admitted for reasons related to COVID-19. The 
other 29 patients were admitted for unrelated med-
ical conditions (n = 18), trauma (n = 6), and obstetric 
indications (n = 5); SARS-CoV-2 tests were positive at 
admission for 27 of 29 of these patients, while two of 
29 first tested positive after admission.

Sepsis Prevalence and Etiologies

Sepsis was present in 65 of 200 (32.5%) of COVID-19 
hospitalizations, of which 46 of 65 (70.7%) were related 
exclusively to SARS-CoV-2, 17 (26.2%) to SARS-CoV-2 
with concurrent (n = 12) or subsequent (n = 5) bac-
terial infections, and 2 (3.1%) exclusively to bacterial 
infections. A flowchart summarizing the distribution 
of sepsis cases is shown in Figure 1 and representative 
cases from each category are described in Supplemental 
Table 2 (http://links.lww.com/CCX/A998).

SARS-CoV-2–Related Sepsis

Organ dysfunction (≥ 1 SOFA point increase above 
baseline within the first 24 hr of a sepsis episode) in 
SARS-CoV-2–related sepsis was most often respiratory 
(59/63, 93.7%), neurologic (29/63, 46%), renal (25/63, 
39.7%), coagulopathy (21/63, 33.3%), and cardiovas-
cular (19/63, 30.2%). SARS-CoV-2–related organ 
dysfunction occurred a median of 1 day after admis-
sion (range, 0–24; IQR, 0–2). Sixty-one of 63 patients 
(96.8%) with SARS-CoV-2–related sepsis were admit-
ted for COVID-19; the other two were admitted for 
unrelated conditions and subsequently tested positive.

Non-SARS-CoV-2 Infections and Sepsis

Of the 65 COVID-19 hospitalizations with sepsis, 19 
of 65 (29.2%) were potentially related to non-SARS-
CoV-2 infections. Most (17/19) had both SARS-CoV-2 
and non-SARS-CoV-2–related sepsis, but two of 19 
cases were due to bacterial infections alone. Of the 17 
patients with sepsis related to both COVID and non-
COVID infections, most (12/17, 70.6%) had a single, 
mixed sepsis episode rather than separate episodes 
(5/17, 29.4%). The most common sites of non-SARS-
CoV-2 infections contributing to sepsis were bacterial 
pneumonia (n = 8), gastrointestinal/intra-abdominal 
infection (n = 6), bloodstream infection (n = 5), and 
urinary tract infection (n = 5) (nonexclusive categories).

In addition to the 19 patients with sepsis potentially 
attributable in whole or in part to non-SARS-CoV-2 
infections, there were an additional 36 patients with 
definite or possible non-SARS-CoV-2 infections that 
did not lead to sepsis. All told then, 55 of 200 patients 
(27.5%) hospitalized with SARS-CoV-2 had non-
SARS-CoV-2 infections as well: all were proven or sus-
pected bacterial infections, 36 of 55 infections (65.4%) 
were present at admission, and 19 of 55 (34.6%) only 
manifested after admission. The most common non-
SARS-CoV-2 infection sites were pulmonary (n = 22), 
urinary (n = 17), gastrointestinal/intra-abdominal 
(n = 10), and bloodstream (n = 9). Twenty-five of 55 
patients with non-SARS-CoV-2 infections had at least 
one organism identified, most commonly Escherichia 
coli (n = 8), Clostridium difficile (n = 4), Staphylococcus 
aureus (n = 3), Enterococcus faecalis (n = 3), and 
Klebsiella pneumoniae (n = 3).

Outcomes

In-hospital death occurred in 28 of 200 COVID-19 
patients (14.0%). Mortality rates were 26 of 65 (40.0%) 
for those with sepsis versus two of 135 (1.5%) for those 
without sepsis. Among those with sepsis due to SARS-
CoV-2 alone, in-hospital death occurred in 16 of 46 
(34.8%), whereas 10 of 17 patients (58.8%) with both 
SARS-CoV-2 and bacterial sepsis died (Fig. 2). Neither 
of the two patients with bacterial sepsis alone died.

DISCUSSION

We found that sepsis occurred in one in three patients 
hospitalized with COVID-19. Almost all sepsis epi-
sodes were related to SARS-CoV-2 infection itself, 
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although over one quarter were also definitely or pos-
sibly related to bacterial infections; only a small frac-
tion (3%) had sepsis solely from bacterial infections. 

In-hospital mortality rates were very high for COVID-
19 patients with sepsis, especially those with bacterial 
superinfections, and very low for those without sepsis.

TABLE 1. 
Demographics and Clinical Characteristics of Patients Hospitalized With COVID-19, 
Stratified by Presence of Sepsis Related to Severe Acute Respiratory Syndrome Coronavirus 
2 and Other Pathogens

Category No Sepsis

Sepsis Related  
to SARS-CoV-2 

Alone

Sepsis Related  
to SARS-CoV-2  

and Non-SARS-CoV-2 Overalla

Overall, n (%) 135 (67.5) 46 (23) 17 (8.5) 200 (100)

Symptomatic COVID infection, n (%) 107 (79.3) 46 (100) 17 (100) 172 (86)

Non-SARS-CoV-2 infection, n (%) 18 (13.3) 18 (39.1) 17 (100) 55 (27.5)

 Definite/probable 10 (7.4) 8 (17.4) 8 (47.1) 26 (13)

 Possible 8 (5.9) 10 (21.7) 9 (52.9) 29 (14.5)

Age, median (IQR), yr 59 (45–74) 70.5 (56–82) 66 (60–82) 62 (47–78)

Sex, n (%)

 Women 64 (47.4) 17 (37.0) 7 (41.2) 90 (45)

Race, n (%)

 White 70 (51.9) 23 (50) 4 (23.5) 97 (48.5)

 Black 21 (15.6) 5 (10.9) 6 (35.3) 33 (16.5)

 Other 43 (31.9) 15 (32.6) 6 (35.3) 65 (32.5)

 Missing 1 (< 1) 3 (6.5) 1 (5.9) 5 (2.5)

Comorbiditiesb, n (%)

 Cancer 4 (3) 3 (6.5) 1 (5.9) 8 (4)

 Congestive heart failure 12 (8.9) 6 (13) 5 (29.4) 32 (16)

 Chronic lung disease 19 (14.1) 13 (28.3) 5 (29.4) 44 (22)

 Diabetes 34 (25.2) 21 (45.7) 10 (58.8) 66 (33)

 Neurologic disease 14 (10.4) 2 (4.4) 7 (41.2) 23 (11.5)

 Kidney disease 23 (17) 11 (23.9) 7 (41.2) 41 (20.5)

Elixhauser mortality score, median (IQR) 4 (0–11) 7 (0–19) 13 (11–23) 6 (0–13)

Hospital length of stay, median (IQR), d 4 (3–6) 11 (8–23) 14 (9–24) 5 (3–9)

Required ICU admission, n (%) 5 (3.7) 25 (54.4) 13 (76.5) 45 (22.5)

Any oxygen requirement, n (%) 75 (55.6) 45 (97.8) 16 (94.1) 137 (68.5)

Any MV, n (%) 2 (1.5) 20 (43.5) 11 (64.7) 33 (16.5)

Duration of MV, median (IQR), d 1.5 (1–2) 15.5 (5–23.5) 16 (11–27) 15 (5–25)

Discharge disposition, n (%)

 Home 107 (79.3) 14 (30.4) 0 (0) 122 (61)

 Facility 26 (19.3) 16 (34.8) 7 (41.2) 50 (25)

 Death 2 (1.5) 16 (34.8) 10 (58.8) 28 (14)

IQR = interquartile range, MV = mechanical ventilation, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.
aColumns do not sum to 200 because two patients meeting Sepsis-3 criteria due to non-SARS-CoV-2 infections alone were omitted 
from the table.
bComorbidities were derived using the Elixhauser index. “Cancer” includes solid tumor with and without metastases and lymphoma. 
“Diabetes” includes diabetes with and without complications.
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Our findings are in line with a meta-analysis of 
global COVID-19 cohorts, which reported a sepsis 
prevalence of 33.3% in non-ICU patients (3). Our 
study is smaller but provides more granularity by dis-
tinguishing sepsis related to SARS-CoV-2 versus other 
pathogens on the basis of detailed medical record 
reviews and by quantifying organ dysfunction using 
standardized SOFA scores. Both studies highlight 

sepsis as a major complication of SARS-CoV-2 in hos-
pitalized patients.

In-hospital mortality rates for SARS-CoV-2–re-
lated sepsis exceeded 40%, far higher than mortality 
rates in pre-pandemic Sepsis-3 cohorts, which gen-
erally ranged between 10% and 16% (8, 9). This may 
reflect the pathogenicity of the virus, its predilection 
to cause respiratory failure (which is associated with 
worse prognoses than most other organ dysfunctions), 

Figure 1. Flowchart summarizing distribution of sepsis cases in patients hospitalized with COVID-19. SARS-CoV-2 = severe acute 
respiratory syndrome coronavirus 2.
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lack of effective therapeutics for COVID-19 during the 
early months of the pandemic, staffing and resource 
constraints during surges, or a combination of these. 
The results highlight the ongoing need for scalable and 
effective treatments for severe COVID-19 infections as 
well as vaccinations and other prevention measures.

The prevalence of confirmed or possible bacterial 
coinfections in hospitalized COVID patients in our co-
hort was 27.5%, which exceeds prior estimates of less 
than 10% (10). However, our analysis included sus-
pected, culture-negative, and incidental infections; the 
prevalence of culture-proven bacterial infection was 
12.5%. Mortality in patients who experienced sepsis 
from both SARS-CoV-2 and bacterial infections was 
extremely high (59%); this may reflect more severe 
disease due to concurrent infections and/or greater 
underlying severity-of-illness in patients prone to de-
velop serious nosocomial infections.

Nearly all patients who developed SARS-CoV-2–re-
lated sepsis experienced respiratory dysfunction; many 
also experienced CNS, renal, coagulation, and cardio-
vascular dysfunction. This underscores the breadth of 
organs potentially affected with severe COVID-19 (11).  
However, our reported rates of organ dysfunction al-
most certainly represent underestimates of overall 

organ dysfunction prevalence as we only abstracted 
SOFA scores for the first 24 hours of the first sepsis 
episode resulting from each pathogen category, a lim-
itation related to the resource intensiveness of case 
reviews.

Our study has additional limitations. First, the ma-
jority of medical record reviews were conducted by one 
physician and the post hoc determination of the pres-
ence of infection(s) and the cause of organ dysfunction 
can be challenging. However, there is no guarantee 
that using additional reviewers would increase accu-
racy given that diagnosing both infection and sepsis is 
often highly subjective (12–16). We attempted to miti-
gate this by using structured reviews with clear criteria 
adapted from our group’s prior work and discussing 
challenging cases among a group of at least three physi-
cians to achieve consensus and ensure a standardized 
classification approach (6–8). Second, prior work in 
the pre-COVID era has demonstrated that a substan-
tial fraction of patients with sepsis are culture-negative, 
that most culture-negative sepsis cases are caused by 
respiratory infections, and that most respiratory infec-
tions do not have a causative organism identified even 
with intensive testing for both bacterial and viral patho-
gens (17–19). Importantly, our classification scheme 

Figure 2. Prevalence and case fatality rates for sepsis related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and 
other infections among patients hospitalized with COVID-19.
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included possible or probable bacterial infections 
without microbiologic confirmation, but it is none-
theless possible that our analysis underestimated the 
frequency of non-SARS-CoV-2–related sepsis or po-
tentially misattributed some sepsis cases to COVID-19. 
Third, our study was performed using data from early 
in the pandemic. Treatments and hospital conditions 
have evolved significantly since then, vaccination is in-
creasingly widespread, and new SARS-CoV-2 variants 
vary in their severity; these changes could significantly 
affect our findings. Fourth, our study was conducted in 
a single healthcare system and may not be widely gen-
eralizable; larger studies with greater geographic, hos-
pital-level, and patient-level diversity are needed.

Finally, some have questioned whether or not labeling 
SARS-CoV-2–associated organ dysfunction as “sepsis” 
adds value over simply reporting the rates and types of 
organ dysfunction in patients with “severe COVID-19,” 
and indeed whether this label risks harm by promot-
ing inappropriate administration of broad-spectrum 
antibiotics and other sepsis bundle elements (20). We 
believe, however, that labeling severe SARS-CoV-2 
cases as sepsis is conceptually consistent with all prior 
consensus definitions of sepsis that are agnostic to the 
specific pathogen type triggering the maladaptive host 
immune response (2, 21, 22). Furthermore, labeling 
SARS-CoV-2–associated organ dysfunction as sepsis 
may help convey the seriousness of a patient’s condition 
and high risk of death if left untreated, while also allow-
ing for more accurate measurement of the true burden 
of sepsis and its underlying etiologies. Last, applying 
the sepsis label to patients with severe COVID-19 may 
actually represent an opportunity to break from the 
overly simplistic view of sepsis as a monolithic entity 
and ultimately facilitate more nuanced and individual-
ized treatment approaches (4, 23). We advocate, how-
ever, that clinicians using the term sepsis append the 
likely cause and clinical syndrome (i.e., “SARS-CoV-2 
sepsis with respiratory failure and acute kidney injury”) 
in recognition that different kinds of sepsis necessitate 
different management strategies and differ in their nat-
ural history and prognoses.

CONCLUSIONS

Sepsis was present in one in three patients hospitalized 
with COVID-19, primarily due to SARS-CoV-2 itself, 
although concurrent bacterial infections contributed 
to sepsis in more than a quarter of cases. Mortality in 

COVID-19 patients with sepsis was high, especially 
in those with mixed SARS-CoV-2 and bacterial infec-
tions, while mortality in COVID-19 patients without 
sepsis was very low. These findings affirm SARS-CoV-2 
as an important cause of sepsis and highlight the need 
to improve surveillance, recognition, prevention, and 
treatment of both viral and bacterial sepsis in hospital-
ized patients with COVID-19.
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