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A New Crossroad: 
The Intersection of COVID-19 
and Sepsis

Donna M. Wolk, MHA, Ph.D., D(ABMM)
Geisinger Diagnostic Medicine Institute
Danville PA
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Geisinger Medical Laboratories
“Feels like home.”

125 CLIA certified sites; 11 hospitals

11, 65 patient service centers, outreach

42, 44 couriers on the road daily in counties

45 pathologists and doctoral scientists

> 1000 outreach offices, non-G

1,100 employees

> 500,000 point-of-care tests performed annually

> 3 million patients served

> 15 million billable tests performed annually
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Viral SepsisSimilarities
Differences
SARS-CoV-2 SepsisSepsis Rule out
BC stewardship
Respiratory
Bloodstream
Role of Laboratory

Objectives
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Sepsis Refresher

An overwhelming 
immune response 
to infection 
leading to tissue damage, organ 
failure, permanent disability and 
often death (blood pressure drops 
with septic shock, which can be 
fatal).

Sepsis is most common and dangerous in:

NOTE: Early treatment of sepsis, usually with 
antibiotics and large amounts of intravenous 
fluids, improves chances for survival
(Alhazzani, Moller et al. 2020)(Levy, Evans et al. 2018)

Chronic conditions, such as diabetes, kidney or 
lung disease, or cancer
(Rowe and McKoy 2017)(Florescu, Sandkovsky et al. 2017)(Gupta, Richter et al.2018) 
(Ames, Workman et al. 2017)(Florescu, Sandkovsky et al. 2017)(Foeller, Gibbs 2019)

Weakened immune systems, including pregnant 
women

Age extremes: Older adults and Children < 1 yr.
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Viral Cell 
Invasion
Refresher
Viruses “hijack” normal, living cells 
in your body. They use host cells to 
replicate and multiply, eventually 
destroying the host cell. 
Many, like colds, run their course 
and your body heals – others don’t.
(e.g., Influenza)

https://www.cell.com/fulltext/S0092-
8674(09)00077-4
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Viral Sepsis
(Lin, McGinley et al. 2018);
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https://www.cell.com/fulltext/S0092-8674(09)00077-4
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Viral Sepsis: Pathology and 
Epidemiology • Differences between viral and 

bacterial sepsis are not fully 
understood (Gu, Zhou et al. 2020)

• Proportion of negative blood 
cultures was up to 42% among 
patient with sepsis, for whom the 
possible cause could be virus 
(Phua, Ho et al. 2012). 

• Respiratory viral infections are 
underdiagnosed in patients with 
sepsis or septic shock (Jacobsson, 
Larsson et al. 2017).
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Viral Sepsis: Respiratory 
• Viral testing is often ignored in acute 

sepsis; viruses overlooked in up to 
70% of patients
(Ljungstrom, Jacobsson et al. 2017). 

• Pneumonia was found to be the 
most common cause of sepsis and 
septic shock (Vincent, Sakr et al. 
2006, Walden, Clarke et al. 2014).

• ~ 100 million cases of viral 
community-acquired pneumonia 
(CAP) occur every year in adults 
globally (Ruuskanen, Lahti et al. 
2011), so the impact of viral sepsis is 
substantial. 

• Retrospective cohort study of 
hospitalized patients diagnosed with 
viral CAP without bacterial co-
infection showed viral sepsis was 
present in 61% of patients (Cilloniz, 
Dominedo et al. 2019).
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Viral Sepsis: Respiratory  • (Walden, Clarke et al. 
2014; Ljungstrom, 
Jacobsson et al. 2017)

• influenza A and B virus
• human 

metapneumovirus
• Rhinovirus
• parainfluenza virus 

types 1–3
• respiratory syncytial 

virus
• adenovirus, 
• coronavirus 
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Viral Sepsis: Respiratory 
(Hatherill, 2005)

• Patients with 
immunodeficiency due 
to human 
immunodeficiency virus 
(HIV) infection are 
highly susceptible to 
viral sepsis 

• Depends on the stage 
of disease and access 
and response to the 
treatment

• Common viral infections 
observed to cause 
sepsis in the 
immunocompromised 
include

• CMV, EBV, and VZV
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Viral Sepsis in Children
(Gupta, Richter, et al. 2018)
• Multi-national study of children with severe sepsis: infectious 

etiology only proven in 50-65% of patients (of these, approximately 
1/3 had viral infection (Weiss, Fitzgerald et al. 2015). 

• 16% of pediatric patients who presented with septic shock had a 
primary viral disease (Ames, Workman et al. 2017) 

• In children < 5 yrs influenza virus is a leading cause of viral sepsis 
and caries an especially high mortality rate (Nair, Brooks et al. 
2011). 

• RSV causes severe bronchiolitis and may present with sepsis, 
especially in children with history of premature birth, chronic lung 
disease, congenital heart disease or primary immunodeficiency 
(Caballero and Polack 2018)

• Sepsis also observed in neonates with HSV, human parechovirus 
(HPeV) and enteroviral infection (Sharp, Harrison et al. 2013). 
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Viral Sepsis in Children 
(Gupta, Richter et al. 2018)

• A definitive diagnosis of viral sepsis in a child is particularly 
challenging 

• Incorporate history of present illness, physical exam, 
laboratory and radiographic data to determine the 
likelihood of a viral etiology

• A positive or negative viral test is not confirmatory

• Dx of viral sepsis has significant implications on clinical 
management, including guiding the use of appropriate 
antiviral therapy and informing isolation strategies. 

• Dx of viral sepsis may prevent unnecessarily prolonged 
antibacterial treatment exposure deleterious effects on the 
pediatric microbiome. 

12
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Viral Sepsis
(Lin, McGinley et al. 2018)

• Almost any virus can cause sepsis in 
vulnerable patients (e.g., neonates, 
infants,  and other immunosuppressed 
groups). 

• The prevalence of viral sepsis is not 
known,  nor is there enough information 
to make an  accurate estimate. 

• The initial standard of care for all cases of 
sepsis, even those that are subsequently 
proven to be culture negative, is the 
immediate use of broad-spectrum 
antibiotics, which leads to unnecessary 
antimicrobial use

• Associated consequences for 
antimicrobial resistance, effects on the 
host microbiome and excess healthcare 
costs. 

13

SARS-CoV-2 
(a coronavirus) 
causes COVID-19
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Pneumonia and Sepsis
COVID-19
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COVID-19 and Similarity to Sepsis 
(Prescott and Girard 2020)

High Fatality Rate

Worldwide Pandemic
As of July 30, 2020, > 17 million people 
worldwide were diagnosed with coronavirus 
disease 2019 (COVID-19); > 665 000 died

In US, > 50,000 new cases/day were reported 
in the US during the last week of July. 

As many as 20% of those hospitalized with 
COVID-19, develop viral sepsis and acute 
respiratory distress syndrome (ARDS) - like 
illness. 

Many acute manifestations and outcomes of 
severe COVID-19 are like those of sepsis 
caused by other pathogens.
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MMWR, 07/2020

Multistate survey of 
symptomatic adults 
with a positive 
outpatient test result 
for SARS-CoV-2

35% did not return to 
usual state of health 
until 2–3 weeks later
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Immune changes during COVID-
19 mimics sepsis (Lopez-Collazo, 
Avendano-Ortiz et al. 2020)

• As in prolonged sepsis, T-cell 
exhaustion and reduction due to 
apoptosis in SARS-CoV-2 infection 
hinders the response to the 
infection

• Symptom onset compatible with 
pneumonia accompanied by 
coagulopathy and 
lymphocytopenia

• Suspected biomarkers: Increased 
cytokine levels, emergence of 
acute phase reactants, platelet 
activation, immune checkpoint 
expression 

18
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Unique COVID-19 Signs 
in Sepsis
(Iba, Levy et al. 2020)

CAC usually shows:
• Increased D-dimer and fibrinogen levels
• Minimal abnormalities in prothrombin time and platelet count at onset
• More frequent venous thromboembolism and arterial thrombosis
• Overlap of features with hemophagocytic syndrome, antiphospholipid 

syndrome, and thrombotic microangiopathy

Thrombotic complications and coagulopathy 
frequently occur in COVID-19.
COVID-19-associated coagulopathy (CAC) are distinct from those 
of bacterial sepsis-induced coagulopathy (SIC) and disseminated 
intravascular coagulation (DIC)
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Sepsis and COVID-19 
(Wilson, Simpson et al. 2020)

• Elevated levels of inflammatory cytokines are associated  
with poor outcomes in what is known as a cytokine storm 
(IL-1β, IL-1RA, IL-6, IL-8, IL-18, and TNF-α)

• 76 cytokines in plasma of 15 hospitalized COVID-19 
patients (n=9 critically ill), were compared with critically ill 
patients with ARDS (n = 12) or sepsis (n = 16); limitations of 
small cohort

• Levels of 6 inflammatory cytokines were not statistically 
higher in severe COVID-19 patients than in moderate 
COVID-19 or critically ill patients with ARDS or sepsis 
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Defined as immature erythroid and immature myeloid cells circulating 
in the peripheral blood

Syndrome is uncommon

Typically seen in disorders associated with bone marrow fibrosis 
including myelofibrosis and other myeloproliferative disorders, and 
cancers with metastatic disease to the bone marrow 

Rarely be seen in viral infections such as parvovirus – and now 
SARS-CoV-2

Leukoerythroblastic reactions
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(Mitra, Dwyre et all 2020, AJH)
CDC with Differential
Not what one would 
expect in a ‘typical’ viral 
infection

• Leukoerythroblastic
reactions in blood 
usually indicate a 
significant deviation to 
the body’s normal 
immune response 

• Immature red blood 
cells (RBCs) and bone 
marrow cells (myeloid 
cells) circulate in blood

• Documented 
leukoerythroblastic
reactions in the blood 
work of the patient 
who is the first known 
case of community-
acquired COVID-19 in 
the U.S.
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How is SARS-COV-2 
rapid testing performed?
Why is speed important?
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Molecular Methods: 
Tests of Choice

No current methods are FDA “approved”, they are reviewed by FDA 
and found acceptable under FDA Emergency Use Authorization (EUA)

SARS-CoV-2 is an RNA virus

Its like a molecular “carbon” copy that is then photocopied billions of times

Laboratory tests detect RNA virus genetic sequences by using 
Reverse-transcriptase Polymerase Chain Reaction (RT-PCR)

24
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Detect from 100 -2000 viral copies/ml

Molecular Detection

Methods

95-100% accuracy (like other molecular methods)

Methods in place: Random access/Rapid; Batch by shift; 
Automated; Manual

Some other methods are not as accurate (as low as 50% 
accuracy)
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Advantages of Rapid and 
Local Testing for COVID-19

Optimize the use of personal protective equipment (PPE), 
ventilators, isolation rooms, etc.

Protects employees and family members

Identify patients for possible clinical trials and therapy

Patients and providers receive the proper diagnosis and care

Rapid diagnostics was key for our hospital

Blood culture stewardship
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Antimicrobial Stewardship and 
Viral Sepsis
(Lin, McGinley et al. 2018)

Viruses can cause sepsis in 
vulnerable patients (e.g., 
neonates, infants, and other 
immunosuppressed groups), but 
true prevalence is not known

Standard of care is use of broad-
spectrum antibiotics, which leads 
to unnecessary consequences for 
antimicrobial resistance, effects on 
the host microbiome, and excess 
healthcare costs 
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Priority for Local TestingInstrument Time
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DMI outperformed 
Reference Laboratory

4-18X Faster

All in-house by early April

Hospital Time to Result =  2.5 hrs. or less (Avg 1.9hr)
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Blood Culture Utility 
and Stewardship in 
COVID-19 Patients
Experiences Vary
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Blood Culture (BC) Tests Increased in 
COVID-19 pandemic in NYC
(Sepulveda, Westblade et al. 2020)

March 2020 COVID-19 surge in NYC led to a 
sharp increase in blood culture utilization

Retrospective cohort analysis in a multicenter 
network (n = 88,201 BC from 28,011 patients)

# increased by 34.8% in the second half of 
March 2020 compared the first half

*W orld  H ea lth  O rgan iza tion . C lin ica l ca re  fo r severe  acu te  resp ira to ry  in fec tion : too lk it: C O V ID -19  adap ta tion . 2020 . A ccessed  on  A pril 23 , 2020 , a t h ttps ://w w w .w ho.in t/pub lica tions-de ta il/ c lin ica l-ca re -
o f-severe -acu te -resp ira to ry -in fec tions-too l-k it

Bacteremia was significantly lower among 
COVID-19 patients (3.8%, and 1.6% when 
adjusted for skin contaminants) than 
COVID-19-negative patients 
(8.0%) (P =0.001). 

Secondary bacterial infection should not 
be ignored. Blood Cultures are warranted for 
some COVID-19 patients.*

COVID-19 patients had a higher % 
commensal skin microbiota (2.2% more, 
which imparts higher costs of care)
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Mean BC, March-May, p = 0.001
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Geisinger Blood Culture Stewardship 
Rapid RT-PCR for SARS-CoV-2 lowered need

No significant increases noted for BC skin flora or TAT
Mortality was similar or improved in comparison to other reports

Total BC, Jan – Aug, p = 0.001
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BC Stewardship, Recent References

(Cantais, Mory et al. 2019) (Fabre, Klein et al. 2020)
Choosing Wisely Blood Cultures (Draenert and Jung 2020); (Geisinger personal communication)

Data supports judicious use 
of bacterial and fungal 

cultures; but with possible 
secondary infections should 
not be ignored - they could 
be associated with mortality

Education is necessary to 
prevent mass overutilization 

of blood cultures during 
COVID-19 surges

Rapid diagnosis of viral 
infection with no clear 
evidence for bacterial 

infection supports blood 
culture stewardship 

initiatives
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Questions
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