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Abstract
Background  Severe COVID-19 carries a high morbidity and mortality. Previous studies have shown an association 
between COVID-19 severity and SARS-CoV-2 viral load (VL). We sought to measure VL in multiple compartments 
(urine, plasma, lower respiratory tract) in patients admitted to the intensive care unit (ICU) with severe COVID-19 
pneumonia and correlate with clinical outcomes.

Methods  Plasma, urine, and endotracheal aspirate (ETA) samples were obtained on days 1, 3, 7, 14, and 21 from 
subjects admitted to the ICU with severe COVID-19. VL was measured via reverse transcriptase polymerase chain 
reaction. Clinical data was collected from the electronic health record. Grouped comparisons were performed using 
Student’s t-test or 1-way ANOVA. Linear regression was used to correlate VL from different compartments collected 
at the same time. Logistic regression was performed to model ventilator-freedom at 28 days as a function of peak 
plasma VL.

Results  We enrolled 57 subjects with severe COVID-19 and measured VL in plasma (n = 57), urine (n = 25), and ETA 
(n = 34). Ventilator-associated pneumonia developed in 63% of subjects. 49% of subjects were viremic on study day 
1. VL in plasma and ETA both significantly decreased by day 14 (P < 0.05), and the two were weakly correlated on 
study day 1 (P = 0.0037, r2 = 0.2343) and on all study days (P < 0.001, r2 = 0.2211). VL were not detected in urine. While 
no associations were observed with peak ETA VL, subjects with higher peak plasma VL experienced a greater number 
of respiratory complications, including ventilator-associated pneumonia and fewer ventilator-free and hospital-free 
days. There was no association between VL in either plasma or ETA and mortality. In viremic patients, plasma VL was 
significantly lower in subjects that were ICU-free and ventilator-free (P < 0.05), with trends noted for hospital-freedom, 
ventilator-associated pneumonia, and survival to discharge (P < 0.1). By logistic regression, plasma VL was inversely 
associated with ventilator-freedom at 28 days (odds ratio 0.14, 95% confidence interval 0.02–0.50).
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Background
COVID-19 due to severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) can cause acute respiratory 
distress syndrome (ARDS), characterized by significant 
inflammation in the lungs that often requires intensive 
care. Prior research indicates that the amount of virus in 
the body (i.e., viral load) is linked to the severity of the ill-
ness. For instance, higher viral load in the upper airways 
of non-hospitalized patients with COVID-19 is associ-
ated with higher symptom burden [1–3]. In hospitalized 
patients, higher viral load in the bloodstream is associ-
ated with higher severity of illness, need for mechanical 
ventilation, and death [4–6].

The majority of studies have measured VL in the upper 
airways, and few have studied VL in the lower airways [6, 
7]. Our objective of this observational study was to mea-
sure VL in three compartments, the lower airways (endo-
tracheal aspirate), urine, and plasma in patients admitted 
to the intensive care unit (ICU) with severe COVID-19 
and correlate with respiratory complications such as ven-
tilator-dependence and ventilator-associated pneumo-
nia. We hypothesized that higher VL in both plasma and 
the lower respiratory tract would directly correlate with 
increased rates of respiratory complications.

Methods
Enrollment
The Duke University COVID-19 Intensive Care Unit 
Biorepository is an observational cohort study of criti-
cally ill subjects with severe COVID-19. Subjects were 
considered eligible for the study that were positive for 
SARS-CoV-2 by nasopharyngeal swab reverse transcrip-
tase polymerase chain reaction (RT-PCR), ages 18 years 
or older, and admitted to the ICU. To minimize selection 
bias, Spanish language consent was provided for Span-
ish-only speaking subjects. Exclusion criteria included 
enrollment in blood conservation program or refusal of 
blood transfusion (to minimize the potential risk of ane-
mia associated with blood collection for research pur-
poses); non-English or non-Spanish speaking; and no 
ability to provide consent or no designated legally autho-
rized representative to provide consent on the subject’s 
behalf.

Data collection
Between 2020 and 2021, biological samples collected 
included citrated whole blood, endotracheal aspirate 
obtained via inline suction trap, and urine on study days 

1, 3, 7, 14, and 21. Citrated whole blood was separated by 
centrifugation into plasma. Samples were stored at -80 °C 
until analysis. SARS-CoV-2 VL were measured in plasma, 
endotracheal aspirate, and urine supernatant by RT-PCR. 
Clinical data was captured from the electronic medical 
record, including subject demographics, comorbidities, 
treatments, complications, and survival. Subjects were 
followed for 90 days or until death.

Ventilator-associated Pneumonia Definition
Ventilator-associated pneumonia (VAP) was defined 
based on the IDSA/ATS guidelines [8] as the presence 
of a new lung infiltrate occurring more than 48  h after 
intubation with signs of infection such as fever (tempera-
ture ≥ 38.0  C), purulent secretions, leukocytosis (white 
blood cell count > 9.8 × 109/L), or decline in oxygenation 
or ventilation (increase above baseline of respiratory rate, 
tidal volume, inspiratory pressure, positive-end expira-
tory pressure, or fraction of inspired oxygen).

Outcomes of interest
The primary outcomes of interest assessed in all enrolled 
subjects were viral RNA levels (copies/ml) in each com-
partment, correlation of plasma VL and endotracheal 
aspirate (ETA) VL, and association of plasma and ETA 
VL with ICU-related outcomes: ventilator-free days, 
ventilator-associated pneumonia, hospital-free days, and 
survival to hospital discharge. The secondary outcomes 
assessed in only those subjects with detectable VL were 
ICU-free days, ventilator-associated pneumonia, ventila-
tor-free days, hospital-free days, survival to hospital dis-
charge, and 90-day survival.

Statistical analysis
RNA data were log transformed prior to analysis. 
Grouped data are shown as count (percentage), mean 
with standard deviation, or median with interquartile 
range (Q1, Q3). All statistical analyses were performed 
using Graphpad Prism. Peak viral load (Log10 RNA cop-
ies/ml) was defined as the maximal viral load measured 
for a given patient at any time point and was used to cor-
relate with clinical outcomes: Between-group compari-
sons were made using the Student’s t-test with Welch’s 
correction (for two groups) or 1-way ANOVA with 
Tukey’s post-hoc test (for three or more groups). Simple 
linear regression was performed using paired plasma 
and ETA samples collected on the same study days in 
the same patients. Logistic regression was performed 

Conclusions  Elevated SARS-CoV-2 VL in the plasma but not in the lower respiratory tract is a novel biomarker in 
severe COVID-19 for respiratory complications.
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to model ventilator-freedom at 28 days (a composite of 
death and ventilator-dependence) as a function of peak 
plasma VL in subjects with detectable viremia. P-values 
of < 0.05 were accepted as statistically significant and 
trends were noted for P < 0.1.

Results
Fifty-seven subjects were enrolled in this study. Median 
(Q1, Q3) age was 59 (51, 67) years, 65% of subjects were 
non-White, and 32% (n = 18) were female (Table 1 and 
Supplemental Table 1). The most common comorbidities 
were obesity (n = 34, 60%), diabetes mellitus (n = 25, 44%), 

and chronic lung disease (n = 15, 26%). Fifty-two subjects 
(91%) required mechanical ventilation. Median (Q1, Q3) 
length of hospital stay was 26 (13, 46) days. Ventilator-
associated pneumonia occurred in 36 subjects (63%) 
(Supplemental Table 2). Twenty-two (38%) subjects died 
prior to hospital discharge.

SARS-CoV-2 was not detectable in urine of any sub-
ject at any time point, whereas 49% of subjects (n = 27) 
were viremic on study day 1. Plasma and ETA viral loads 
(VL) are shown by study day (Fig.  1A-B) and by hospi-
tal day (Fig. 1C-D) and consistently decreased over time. 
Thirty-six subjects had paired plasma and ETA samples 
collected at the same time points. Using simple linear 
regression, plasma VL was weakly associated with ETA 
VL on study day 1 (p = 0.0037, r2 = 0.2343) (Fig. 1E) as well 
as on all study days (p < 0.0001, r2 = 0.2211) (Fig. 1F).

Of the 52 subjects on mechanical ventilation, 37 had 
sufficient respiratory secretions to collect via endotra-
cheal suction at any study day. Of the 37 subjects with 
ETA, 33 had detectable VLs. There was no significant 
correlation between peak ETA VL and ventilator-free 
days, hospital-free days, incidence of VAP, or in-hospital 
mortality (Fig. 2A-D).

In contrast, peak plasma VL was significantly higher in 
subjects who were not ventilator-free by day 14, not hos-
pital-free by day 30, and who developed VAP (Fig. 3A-C). 
However, there was no association between plasma VL 
and in-hospital mortality (Fig.  3D). In secondary analy-
ses, we investigated outcomes in the subset of subjects 
(n = 33) with detectable plasma VL only (Supplemen-
tal Figure). Peak plasma VL was significantly associated 
with ICU-freedom at 30 days and ventilator-freedom at 
28 days (both P < 0.005). Trends were noted for associa-
tions with ventilator-associated pneumonia (P = 0.0585), 
hospital freedom at 60 days (P = 0.0642), and survival to 
hospital discharge (P = 0.0852). Using logistic regression, 
plasma VL was negatively associated with ventilator-free-
dom at day 28 (odds ratio 0.14, 95% CI 0.02–0.50).

Discussion
Herein we report the measurements of SARS-CoV-2 VL 
in three compartments, ETA, plasma, and urine, in hos-
pitalized patients with severe COVID-19 and ARDS. 
While we did not detect VL in urine, we found plasma 
VL, but not ETA VL, is associated with more respiratory 
complications, including fewer ventilator-free days and 
higher incidence of VAP. In viremic subjects specifically, 
we found plasma VL was significantly associated ICU-
freedom and ventilator-freedom. Our study provides 
further data that VL measured in plasma may be a better 
biomarker for risk of respiratory complications than ETA 
VL for COVID-19 severity in critically ill patients.

Previous studies have demonstrated an association 
between severity of illness in hospitalized patients and 

Table 1  Subject demographics and clinical Characteristics1

Intensive Care 
Unit Biorepos-
itory Subjects 
(N = 57)

Age 59 (51, 67)
Sex
Male 39 (68%)
Female 18 (32%)
Race
Black 21 (37%)
White 20 (35%)
Two or more 8 (14%)
Other 6 (10%)
Asian 1 (2%)
Unknown 1 (2%)
Ethnicity
Hispanic 14 (25%)
Non-Hispanic 43 (75%)
Comorbidities
Obesity 34 (60%)
Diabetes mellitus 25 (44%)
Chronic lung disease 15 (26%)
Chronic heart disease 9 (16%)
Chronic liver disease 1 (1.7%)
Immunosuppressed 7 (12%)
Active malignancy 5 (9%)
End stage renal disease 3 (5%)
Treatments
Remdesivir 46 (81%)
Dexamethasone 30 (53%)
Tocilizumab 1 (1.7%)
Baricitinib 0 (0%)
Symptom onset to enrollment (days)2 14 (10, 21)
First + PCR test to enrollment (days) 11 (7, 17)
Hospital length-of-stay (days) 26 (13, 46)
Mechanical ventilation 52 (91%)
Acute kidney injury requiring renal replacement 
therapy

16 (28%)

Ventilator-associated pneumonia 36 (63%)
Mortality 22 (38%)
1Data are shown as count (percentage) or median (Q1, Q3)
2Data are missing in 16 subjects
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high SARS-CoV-2 plasma RNA [4, 9] or nucleocap-
sid antigen levels [10–12]. Our study is one of the few 
to compare plasma and the lower respiratory tract VL 
directly and reports the novel finding that this relation-
ship extends to ventilator complications as well. Specifi-
cally, we found higher peak plasma VL was significantly 
associated with less ventilator- and hospital-freedom, 
and higher rates of ventilator-associated pneumonia. 

Ventilator-associated pneumonia following COVID-
19 ARDS is more common than in non-COVID-19 
ARDS [13] and is associated with an increased mortal-
ity [14–16]. Previously identified risk factors for VAP in 
COVID-19 ARDS patients specifically include prolonged 
ventilator-dependence, acute kidney injury, male sex, 
and hypertension [14], and risk factors in general include 
chronic lung disease, older age, and immunosuppression. 

Fig. 1  Viral loads. SARS-CoV-2 viral loads (RNA copies/ml plasma) are plotted on a logarithmic scale by study day for (A) plasma and (B) endotracheal 
aspirate (ETA) and by hospital day for (C) plasma and (D) ETA. Plasma viral loads are plotted against endotracheal viral loads (n = 36 subjects) on study day 
1 (E), and for all available study days (F), demonstrating a weakly positive correlation. Number (N) of subjects at each study day is shown below the x-axis 
for (A) and (B). Bars are mean and standard deviation. Abbreviations: ND, not detected
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Furthermore, peripheral blood SARS-CoV-2 infection of 
circulating immune cells [17, 18] suppresses innate and 
adaptive immune responses [19], which may predispose 
to secondary bacterial infections such as VAP. However, 
the association of SARS-CoV-2 viremia and VAP may be 
confounded by more prolonged ventilator dependence 
and should be confirmed in future larger studies.

The relationship between SARS-CoV-2 VL in the respi-
ratory tract and COVID-19 severity has been inconsis-
tent [20]: In the upper respiratory tract, some studies 
measuring VL from nasopharyngeal swabs found cor-
relations with illness severity [1–3], or death [4–6], 
whereas others studies have found no such association 
[17, 21, 22]. Lower respiratory tract sampling for SARS-
CoV-2 may be more reliable than the upper respiratory 
tract [7], but has also been inconsistent, with one study 
finding no increased risk of pneumonia after adjust-
ing for multiple confounders [23] whereas other studies 

found an increased risk of death [4, 24]. We also found 
no association between lower respiratory tract viral load 
and clinical outcomes such as ventilator-free days, venti-
lator-associated pneumonia incidence, and hospital-free 
days. The use of cycle threshold rather than quantitative 
PCR to measure VL [20] and univariable analysis with-
out adjustment for confounders [23] appear to be areas 
observed in other studies that can introduce error. 
Additionally, time to first VL measurement may also be 
important. For instance, Jacobs, et al. found a strong cor-
relation between plasma VL and ETA VLs on study day 1 
that weakened over time and was no longer significant by 
study day 10 [9]. We found a weaker correlation between 
plasma and ETA VLs, perhaps because of longer time 
to enrollment in our study (median of 1  day later than 
Jacobs, et al.), although we did not observe further weak-
ening over time in our study. It is also possible that viral 
shedding in the respiratory tract does not correlate with 

Fig. 2  Endotracheal viral loads and clinical outcomes. Endotracheal aspirate (ETA) was obtained and measured for viral load. Thirty-seven subjects had 
sufficient secretions for sampling. There was no statistically significant relationship between peak ETA viral load and A) ventilator-free days, B) incidence 
of ventilator-associated pneumonia, C) hospital-free days, and D) in-hospital mortality. Plots show mean and standard deviations. Abbreviations: ND, not 
detected
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infectivity, as it is unknown whether the RNA measured 
by PCR represents viral remnants or a live infectious 
pathogen, especially in critically ill patients where viral 
shedding in the lower respiratory tract can be protracted 
[6, 7]. In contrast, plasma VL do not suffer from dilution 
and plasma VL shedding is not as protracted, suggest-
ing it may be a more reliable method to measure SARS-
CoV-2 VL than from the respiratory tract.

Urine has been studied infrequently as a source to 
measure SARS-CoV-2 VL. Previous studies have found 
detectable VL in urine in a minority of critically ill sub-
jects with severe COVID-19 [4, 7]. Travieso, et al. also 
reported detectable SARS-CoV-2 virus in a subset of 
critically ill subjects although extracted RNA from uro-
epithelial cells rather than urine supernatant [25]. In con-
trast, our study found no detectable SARS-CoV-2 virus in 
the urine supernatant of critically ill subjects. This may 
be because the viral loads in the urine are too low for 
consistent detection, or perhaps because the virus resides 

intracellularly within the uroepithelial cells rather than 
excreted in the urine. While it appears VL may be infre-
quently detected in the urine, urine VL do not appear to 
be a consistently reliable marker of COVID-19 severity.

Our study has a number of limitations. First, it is a sin-
gle-center cohort study which may have limited external 
generalizability. However, the cohort studied was racially 
and ethnically diverse which strengthens its applicabil-
ity. Second, ETA collection may vary between subjects 
because it is dependent on the amount of secretions 
available; a bronchoalveolar lavage might be more sensi-
tive for lower respiratory tract viral load, although could 
also suffer from inconsistent collection method and dilu-
tion. Third, our sample size is small and therefore sub-
ject to bias. Our findings should be confirmed in a larger 
multicenter study. Fourth, there may be inherent variabil-
ity between subjects in the time from symptom onset to 
enrollment in the study, which could affect viral load lev-
els. Finally, all of the samples analyzed in our study were 

Fig. 3  Plasma viral loads and clinical outcomes. The relationship between peak plasma viral load and (A) ventilator-free days, (B) incidence of ventilator-
associated pneumonia, (C) hospital-free days, and (D) in-hospital mortality. Plots show mean and standard deviations. Abbreviations: ND, not detected. 
*p < 0.05
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collected prior to the Omicron waves and may not be 
reflective of the current Covid-19 landscape.

Conclusions
In critically ill patients admitted to the ICU with COVID-
19 respiratory failure, elevated plasma viral load but not 
ETA viral load was associated with increased days on 
mechanical ventilation, incidence of ventilator-associated 
pneumonia, and increased hospital length of stay. Plasma 
VL may be a more reliable and consistent method than 
respiratory VL to gauge risk of respiratory complications 
in severe COVID-19 pneumonia.
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