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2020. We assessed for predictors of persistent viral 
shedding, in-hospital delirium, and six-month mortal-
ity using binary logistic regression.
Results Of the 2,518 hospitalized patients with an 
RT-PCR-confirmed diagnosis of COVID-19, 959 
underwent repeat SARS-CoV-2 RT-PCR at least 
fourteen days from initial positive testing. Of those, 
405 (42.2%) patients were found to have persistent 
viral shedding. Persistent viral shedding was associ-
ated with male sex, increased BMI, diabetes mellitus, 
chronic kidney disease, and exposure to corticoster-
oids during initial COVID-19 hospitalization. Persis-
tent viral shedding was independently associated with 
incidence of in-hospital delirium after adjusting for 
factors including severity of respiratory dysfunction 
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Abstract 
Background Persistent viral RNA shedding of 
SARS-CoV-2 following COVID-19 has increasingly 
been recognized, with limited understanding of its 
implications on outcomes in hospitalized COVID-19 
patients.
Methods We retrospectively assessed for persistent 
viral shedding across Northwestern Medicine Health-
care (NMHC) patients between March and August 
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(OR 2.45; 95% CI 1.75, 3.45). Even after adjusting for 
age, severity of respiratory dysfunction, and occur-
rence of in-hospital delirium, persistent viral shed-
ding remained significantly associated with increased 
six-month mortality (OR 2.43; 95% CI 1.42, 4.29).
Conclusions Persistent viral shedding occurs fre-
quently in hospitalized COVID-19 patients and is 
associated with in-hospital delirium and increased 
six-month mortality.

Keywords Viral Shedding · Delirium · SARS-
CoV-2 · COVID-19

Introduction

SARS-CoV-2 is the virus responsible for the Coro-
navirus Disease 2019 (COVID-19) global pan-
demic beginning March 2020, as declared by the 
World Health Organization [1]. As of February 
2022, COVID-19 has affected over 429 million peo-
ple worldwide and is responsible for over 5.9 mil-
lion deaths [2]. A majority of patients infected with 
SARS-CoV-2 will have mild clinical symptoms, yet 
some develop severe disease requiring hospitaliza-
tion and invasive mechanical ventilation [3, 4]. These 
patients face the highest risk of mortality [5]. Nucleic 
acid amplification tests, specifically real-time reverse 
transcription polymerase chain reaction (RT-PCR) 
assays, constitute the clinical standard for diagnosing 
infection with SARS-CoV-2 in hospitalized patients 
[6]. However, patients with persistently or intermit-
tently positive RT-PCR assays present a clinical 
conundrum for health experts [7].

Evaluation for persistent viral RNA shedding is 
one method to track recovery and long-term response 
to severe viral infections. Detection of persistent viral 
shedding is influenced by initial disease severity, viral 
load, and sample source [8–10]. The phenomenon of 
persistent viral shedding is well-studied and demon-
strated in numerous other viruses with broad public 
health impact, including avian influenza A [11], Zika 
[12], and Ebola [13]. It is unclear whether persistent 
detection of SARS-CoV-2 RNA in routine naso-
pharyngeal swabs of hospitalized patients represents 
replicating virus or simply viral nucleic acid in cell 
debris. Additionally, it is unresolved whether persis-
tent RNA detection provides any prognostic or mech-
anistic information regarding a hospitalized patient’s 

clinical course or potential for developing long-term 
post-viral syndromes. Therefore, it becomes challeng-
ing to counsel individuals appropriately regarding 
the interpretation and risks of a persistently positive 
SARS-CoV-2 RT-PCR assay.

Moreover, numerous studies with other viruses 
have suggested that those patients with persistent viral 
shedding demonstrate a dysfunctional T-cell response 
[14, 15], and hospitalized patients with severe disease 
have more active and persistent viral replication [16]. 
In this setting, weakened host immune responses may 
slow viral clearance and contribute to persistent viral 
shedding [17]. Severe COVID-19 disease, male sex, 
and delayed presentation for treatment are all recog-
nized risk factors for prolonged viral shedding [18].

To further inform ongoing clinical care of hos-
pitalized COVID-19 patients and explore disease 
mechanisms, we sought to determine the prevalence 
and risk factors for persistent viral RNA shedding and 
evaluate its association with delirium, as the primary 
neurologic complication of acute COVID-19 [19, 20], 
and six-month mortality in hospitalized COVID-19 
patients.

Methods

This study was reviewed and approved by the North-
western University Institutional Review Board, 
and given the retrospective nature of the study, a 
waiver of the need for informed consent was granted 
(STU00212627).

Patient Identification

We used an automated query of the Northwestern 
Medicine Healthcare (NMHC) electronic medi-
cal record (EMR) to identify all patients admitted 
to an NMHC hospital for a diagnosis of COVID-19 
between March  5th and August  9th 2020. NMHC con-
sists of a Chicago (Illinois, USA) area network of 
ten hospitals, including an academic medical center, 
and affiliated outpatient centers serviced by a central 
EMR system. COVID-19 diagnosis was confirmed by 
a documented positive SARS-CoV-2 RT-PCR assay 
of nasopharyngeal swab or bronchoalveolar lavage 
fluid. In order to assess for evidence of persistent 
shedding of SARS-CoV-2 nucleic acid, inclusion in 
the study cohort also required availability of a repeat 
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SARS-CoV-2 RT-PCR assay 14 days or longer after 
the initial diagnostic RT-PCR. A 14-day time period 
from initial confirmed positive RT-PCR (rather than 
symptom onset) was used to define persistent shed-
ding as a conservative interpretation of the Centers 
for Disease Control and Prevention’s (CDC) 14-day 
COVID-19 quarantine/isolation endorsement [21]. 
Identification of a repeat nasopharyngeal SARS-
CoV-2 RT-PCR assay was determined using query 
of the NMHC EMR, including query of the 20 Illi-
nois hospital systems participating in the EPIC (EPIC 
Systems Corporation, Verona, WI) Care Everywhere 
Network. All RT-PCR assays were collected for 
clinical indications. The resulting cohort of patients 
were dichotomized into those whose repeat RT-PCR 
assay(s) were never positive after 14 days (Negative 
Shedding) and those who had at least one positive 
repeat RT-PCR documented after 14 days (Persistent 
Shedding).

Data Collection Procedures

Demographic, medical comorbidity and COVID-19 
hospital course data were collected by EMR review. 
Laboratory and hospital medication administration 
data were collected by automated electronic query. 
Acute respiratory failure and acute respiratory distress 
syndrome (ARDS) were identified from the documen-
tation of each patient’s attending intensive care physi-
cian, and the severity of COVID-19 pulmonary dis-
ease was categorized as no acute respiratory failure, 
acute respiratory failure, and ARDS for subsequent 
analysis. The presence of the delirium-encephalopa-
thy syndrome during the COVID-19 hospitalization 
was identified using results from Confusion Assess-
ment Method (CAM) evaluations that were serially 
performed and documented contemporaneously by 
each patient’s nurse. The CAM is a well-validated and 
widely used clinical and research tool for the identifi-
cation of the delirium-encephalopathy syndrome and 
has been in routine clinical use at NMHC since 2008 
[22]. A broader syndrome of encephalopathy during 
the COVID-19 hospitalization (subsequently referred 
to as acute brain dysfunction) was also identified as 
ever having a positive CAM evaluation for delirium 
or ever being in coma, as assessed by having a Rich-
mond Agitation and Sedation Score (RASS) of -4 
or -5 (-4: no response to voice but movement or eye 
opening to physical stimulation; -5: no response to 

voice or physical stimulation). We also documented if 
patients ever experienced agitation during COVID-19 
hospitalization as assessed by the RASS (+ 2 to + 4). 
Similar to the CAM, the RASS has been in routine 
clinical use at NMHC since 2008 and is a widely used 
standardized scale throughout intensive care units 
[23].

Discharge disposition was extracted from the 
EMR. Six-month post-hospital admission mortality 
status was available for each patient using an NMHC-
wide COVID-19 mortality monitoring initiative. We 
also identified all acute-care hospital reencounters 
(hospitalizations, emergency room visits, or obser-
vations stays) that occurred within four months of 
discharge from the initial COVID-19 hospitalization 
in any of the 20 hospital systems participating in the 
EPIC Care Everywhere Network.

Statistical analysis

All statistical analysis was performed using R ver-
sion 4.0.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria) with two-sided P ≤ 0.05 
considered statistically significant. Data were sum-
marized as number of patients (frequency), mean 
(standard deviation) for normally distributed vari-
ables, and median (interquartile range [IQR]) for 
non-normally distributed variables. Associations 
were assessed using Fisher’s exact test, Spearman’s 
rank correlation test, and Wilcoxon rank-sum test. 
A priori adjusted binary logistic regression mod-
els were developed for: 1) variables associated 
with persistent shedding, 2) association of persis-
tent shedding with experiencing delirium during 
the COVID-19 hospitalization, and 3) association 
of persistent shedding with 6-month mortality. All 
models were adjusted for a priori variables of age, 
 age2 (to consider greater effects at the extremes of 
age), and sex. The a priori model for persistent viral 
shedding also included administration of corticos-
teroids during the hospitalization—as this might be 
expected to modulate inflammation and viral clear-
ance—and common comorbidities widely reported 
to predict more severe COVID-19, including: body 
mass index (BMI), diabetes mellitus, hypertension, 
vascular disease, and chronic kidney disease (CKD) 
[24]. The a priori model of delirium was adjusted 
for corticosteroid administration—as corticoster-
oids have previously been described as a potential 
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risk factor for delirium [25]—and for factors our 
group has previously described as associated with 
delirium in COVID-19, including: prior history of 
any central nervous system disease, CKD, and res-
piratory dysfunction severity [26]. Sedative medi-
cation exposure was not considered in the delirium 
model, as sedative exposure was highly collinear 
with respiratory dysfunction severity, and existing 
delirium literature suggests that delirium related to 
sedative exposure is equally detrimental as delirium 
due to other causes, such as sepsis and hypoxia 
[27]. The a priori model of six-month mortality was 
adjusted for respiratory dysfunction severity and 
delirium occurrence since our group has previously 
shown these factors to be associated with mortal-
ity after COVID-19. To avoid overfitting models to 
the data, we also used a backward variable selection 
algorithm based on Akaike Information Criteria 
optimization to compare effect estimates in a priori 
and parsimoniously adjusted models.

In addition, we performed a mediation analysis 
in the persistent shedding model. Mediation analy-
sis can provide insight into potential disease mecha-
nisms by identifying factors that mediate the associ-
ation between exposure and outcome variables and 
therefore may lie along a causal pathway between 
exposure and outcome. Given the prominence of 
respiratory failure in COVID-19 and reports of 
inflammation and coagulopathy as potential contrib-
utors to COVID-19 pathophysiology, we considered 
respiratory dysfunction severity, maximum C-reac-
tive protein (non-specific marker of inflammation), 
and maximum D-dimer (non-specific marker of 
coagulopathy) as potential mediator variables. We 
assessed for mediation qualitatively as described 
by Baron and Kenny [28] and approximated the 
magnitude of mediation using the R package 
MMA (Multiple Mediation Analysis). We consid-
ered no meaningful mediation to occur if < 20% of 
an association was explained by mediators, partial 
mediation to occur if 20–80% of an association was 
explained by mediators, and complete mediation to 
occur if > 80% of an association was explained by 
mediators. In the event of identifying mediation, 
the mediator variables were included in the devel-
opment of the parsimoniously adjusted model of 
persistent shedding while any completely mediated 
variables were removed.

Results

A total of 2518 patients were admitted to an NMHC 
hospital for COVID-19 between March  5th and 
August  9th 2020 of whom 959 (38.1%, mean age 59.4 
(17.1) years, 480 (50.1%) females) were identified 
as having a repeat SARS-CoV-2 RT-PCR 14 days or 
later from their initial diagnostic SARS CoV-2 RT-
PCR. The Negative Shedding group included 554 
(57.8%) patients while the Persistent Shedding group 
included 405 (42.2%) patients, and Table  1 sum-
marizes the demographics, comorbidities, hospital 
events, and outcome endpoints of the cohort. These 
groups did not differ in age, race, or ethnicity but the 
Persistent Shedding group had a higher proportion of 
males (53.8% versus 47.1%, p = 0.047). The Persis-
tent Shedding group had more repeat RT-PCR tests 
performed at 14 days or later (median 4 [3, 7] versus 
3 [2, 5], p < 0.001) but the Negative Shedding group 
had RT-PCR assays performed over a longer period 
of time (median 131.49 [62.79, 196.23] versus 63.97 
[30.46, 149.19] days from initial diagnostic RT-PCR, 
p < 0.001). Overall, the last positive RT-PCR in the 
Persistent Shedding group occurred at median 34.56 
[21.40, 56.66] days from the initial RT-PCR. How-
ever, 49 (12.1%) of the Persistent Shedding patients 
had positive RT-PCR results at 90 days or later, and 
the longest observed positive RT-PCR test was at 
269  days from initial positive RT-PCR test. Of the 
Persistent Shedding patients, 111 (27.4%) had a posi-
tive repeat RT-PCR after having had a prior negative 
repeat RT-PCR, and the positive-after-negative repeat 
RT-PCR occurred at median 53.40 [33.04, 88.10] 
days from the initial positive RT-PCR.

Clinical Factors Associated with Persistent Shedding

In unadjusted analysis (Table  1) and the a priori 
model (Table  2), occurrence of Persistent Shedding 
was associated with male sex, BMI, diabetes melli-
tus, CKD, and corticosteroid exposure during initial 
COVID-19 hospitalization. However, consideration 
of the mediators respiratory dysfunction severity, 
maximum C-reactive protein, and maximum D-dimer 
(Table  2) jointly resulted in complete mediation of 
the BMI association and partial mediation of the male 
sex, diabetes mellitus, and corticosteroid exposure 
associations with persistent shedding. Of note, no 
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Table 1  Demographics, comorbidities, hospital events, and outcome endpoints

Variable Overall Negative Shedding Persistent Shedding p

n 959 554 405
Demographics
Age at COVID-19 diagnosis, years 

(mean (SD))
59.35 (17.12) 58.90 (17.35) 59.96 (16.81) 0.346

Sex, male (%) 479 (49.9) 261 (47.1) 218 ( 53.8) 0.047
Ethnic Group, Not Hispanic or Latino 

(%)
665 (69.3) 397 (71.7) 268 ( 66.2) 0.08

Race (%) 0.539
American Indian or Alaska Native 1 ( 0.1) 1 ( 0.2) 0 ( 0.0)
Asian 46 ( 4.8) 28 ( 5.1) 18 ( 4.4)
Black or African American 220 (22.9) 130 (23.5) 90 ( 22.2)
Declined 20 ( 2.1) 13 ( 2.3) 7 ( 1.7)
Native Hawaiian or Other Pacific 

Islander
2 ( 0.2) 1 ( 0.2) 1 ( 0.2)

Other 123 (12.8) 61 (11.0) 62 ( 15.3)
White 547 (57.0) 320 (57.8) 227 ( 56.0)
Comorbidities
Body Mass Index, kg/m2 (median 

[IQR])
30.26 [25.45, 35.82] 29.75 [24.88, 35.33] 30.83 [25.94, 36.39] 0.026

Cancer (%) 153 (16.0) 90 (16.2) 63 ( 15.6) 0.842
Central Nervous System Disease, other 

than Cerebrovascular
Disease, Epilepsy, or Headache Syn-

drome (%)
   Dementia or Mild Cognitive Impair-

ment (%)

82 ( 8.6)

34 ( 3.5)

46 ( 8.3)

20 ( 3.6)

36 ( 8.9)

14 ( 3.5)

0.839

0.899

Epilepsy (%) 33 ( 3.4) 19 ( 3.4) 14 ( 3.5) 1
Headache Syndrome (%) 29 ( 3.0) 18 ( 3.2) 11 ( 2.7) 0.775
Chronic Kidney Disease (CKD) (%) 260 (27.1) 126 (22.7) 134 ( 33.1)  < 0.001
Chronic Obstructive Pulmonary Disease 

or Asthma (%)
196 (20.4) 120 (21.7) 76 ( 18.8) 0.309

Diabetes Mellitus (%) 398 (41.5) 204 (36.8) 194 ( 47.9) 0.001
HIV (%) 7 ( 0.7) 4 ( 0.7) 3 ( 0.7) 1
Hypertension (%) 567 (59.1) 318 (57.4) 249 ( 61.5) 0.229
Immune System Deficiency (%) 96 (10.0) 50 ( 9.0) 46 ( 11.4) 0.28
Organ Transplant (%) 78 ( 8.1) 36 ( 6.5) 42 ( 10.4) 0.041
Systemic Connective Tissue Disease 

(%)
33 ( 3.4) 21 ( 3.8) 12 ( 3.0) 0.606

Vascular Disease, Any Type (%) 337 (35.1) 180 (32.5) 157 ( 38.8) 0.052
Ischemic/Cardiovascular Heart Disease 

(%)
228 (23.8) 124 (22.4) 104 ( 25.7) 0.268

Cerebrovascular Disease (%) 119 (12.4) 63 (11.4) 56 ( 13.8) 0.298
Peripheral Arterial Disease (%) 117 (12.2) 57 (10.3) 60 ( 14.8) 0.044
COVID‑19 Hospitalization Events/Features
Acute Respiratory Failure During 

COVID-19 Hospitalization (%)
514 (53.6) 245 (44.2) 269 ( 66.4)  < 0.001

ARDS During COVID-19 Hospitaliza-
tion (%)

208 (21.7) 79 (14.3) 129 ( 31.9)  < 0.001
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mediation occurred for CKD. As individual media-
tors, the strongest mediation effects resulted from 
respiratory dysfunction severity (mediation for: male 
sex 28%, BMI 100%, diabetes mellitus 32%, corti-
costeroids 35%) followed by maximum C-reactive 
protein (mediation for: BMI 28% [suggesting some 
shared mediation with respiratory dysfunction sever-
ity], corticosteroids 26%), supporting a causal role of 
these variables in a priori associations of male sex, 
BMI, diabetes mellitus, and corticosteroid exposure. 
Maximum D-dimer did not contribute to > 20% medi-
ation for any variable. After consideration of media-
tion and parsimonious model development, CKD 
(adjusted OR 1.51, 95% CI [1.06, 2.15]), respiratory 

dysfunction severity (respiratory failure OR 1.48, 
95% CI [1.03, 2.13]; ARDS OR 3.06, 95% CI [2.02, 
4.65]), and maximum C-reactive protein (OR 1.004 
per mg/dL, 95% CI [1.002, 1.006]) were indepen-
dently associated with persistent shedding.

Associations with Delirium and Acute Brain 
Dysfunction

Persistent shedding was associated with both inci-
dence of in-hospital delirium (ever CAM positive; 
unadjusted OR 3.21, 95% CI [2.45, 4.22], p < 0.001) 
and acute brain dysfunction (ever CAM positive or 
coma by RASS; unadjusted OR 3.18, 95% CI [2.43, 

Table 1  (continued)

Variable Overall Negative Shedding Persistent Shedding p

Maximum High-sensitivity C-reactive 
Protein (median [IQR])

26.60 [10.20, 79.40] 19.80 [8.02, 51.20] 35.00 [14.30, 128.36]  < 0.001

Maximum D-dimer (median [IQR]) 877.00 [380.50, 3229.50] 652.50 [314.00, 1907.50] 1888.00 [595.00, 4587.00]  < 0.001
Corticosteroids During COVID-19 

Hospitalization (%)
317 (33.4) 160 (29.4) 157 ( 38.8) 0.003

COVID‑19 Hospitalization Encephalopathy
Delirium Ever Present By Confusion 

Assessment Method (%)
377 (40.1) 154 (28.4) 223 ( 56.0)  < 0.001

Coma Ever Present (Richmond Agita-
tion and Sedation Score -4 or -5) (%)

283 (30.1) 111 (20.5) 172 ( 43.2)  < 0.001

Agitation Ever Present (Richmond Agi-
tation and Sedation Score 2 through 
4) (%)

290 (30.9) 115 (21.2) 175 ( 44.0)  < 0.001

Acute Brain Dysfunction (encephalopa-
thy consisting of coma or delirium) 
(%)

404 (43.0) 169 (31.2) 235 ( 59.0)  < 0.001

Patient Outcome Endpoints
COVID-19 Hospitalization Length of 

Stay, Days (mean (SD))
14.74 (16.78) 10.83 (11.89) 20.08 (20.59)  < 0.001

Hospital Discharge Disposition, 
Expired or Hospice (%)

46 ( 4.8) 10 ( 1.8) 36 ( 8.9)  < 0.001

Hospital Discharge Disposition, Home 
or Acute Inpatient Rehabilitation (%)

705 (73.5) 451 (81.4) 254 ( 62.7)  < 0.001

Hospital Discharge Disposition, Home 
(%)

626 (65.3) 423 (76.4) 203 ( 50.1)  < 0.001

Number of Acute-Care Hospital 
Reencounters Within 4 Months of 
COVID-19 Hospitalization Discharge 
(median [IQR])

1.00 [0.00, 2.00] 1.00 [0.00, 2.00] 1.00 [0.00, 2.00] 0.607

Number of Acute-Care Hospital Reen-
counters Within 4 Months Among 
Those with At least One Reencounter

2.00 [1.00, 3.00] 2.00 [1.00, 3.00] 2.00 [1.00, 4.00] 0.011

Death Within 6 Months (%) 81 ( 8.4) 21 ( 3.8) 60 ( 14.8)  < 0.001
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4.18], p < 0.001). Furthermore, persistent shedding 
remained significantly and independently associated 
with incidence of delirium (adjusted OR 2.45, 95% 
CI [1.75, 3.45], p < 0.001) and acute brain dysfunction 
(adjusted OR 2.40, 95% CI [1.71, 3.38], p < 0.001) dur-
ing COVID-19 hospitalization, even after adjusting for 
factors including respiratory failure severity (Table 3).

Associations with Discharge Disposition and 
Mortality

Persistent Shedding patients experienced signifi-
cantly longer COVID-19 hospitalization lengths 
of stay (20.08 (20.59) versus 10.83 (11.89) days, 
p < 0.001) and were less likely to be discharged to 

Table 2  Model of Prolonged (confirmed > 14 days) Viral RNA Shedding

* A model exploring the addition of organ transplantation did not demonstrate adjusted significance of organ transplantation or alter 
effect estimates
No mediation was considered to be < 20% of an association explained by mediators. Partial mediation was considered to be 20–80% 
of an association explained by mediators. Complete mediation was considered to be > 80% of an association explained by mediators

Variable A Priori Model, with Co-
morbidities*

A Priori Model With Consideration of Media-
tors: Respiratory Failure, Maximum CRP and 
Maximum D-dimer

Parsimonious Model After 
Considering Mediation and 
AIC Optimization

OR, [95% CI] P-value OR, [95% CI] P-value Joint Mediation 
Effect

OR, [95% CI] P-value

Age, year 0.997 [0.952, 
1.045]

0.90 0.969 [0.917, 1.03] 0.27 No mediation – –

Age2,  (year2) 1.00004 [0.9996, 
1.00004]

0.84 1.0002 [0.9997, 
1.0007]

0.40 No mediation – –

Male Sex 1.31 [0.996, 1.72] 0.053 1.11 [0.80, 1.53] 0.53 Partial Mediation 
(60%)

– –

BMI, kg/m2 1.02 [1.003, 1.04] 0.024 1.002 [0.983, 1.02] 0.86 Complete Media-
tion (100%)

– –

Diabetes Mellitus 1.36 [1.01, 1.82] 0.039 1.28 [0.909, 1.80] 0.16 Partial Mediation 
(40%)

1.29 [0.937, 1.77] 0.12

Hypertension 0.872 [0.641, 1.19] 0.38 1.001 [0.704, 1.42] 0.99 No mediation – –
Any Vascular 

Disease
1.23 [0.903, 1.67] 0.19 1.29 [0.902, 1.84] 0.16 No mediation – –

Chronic Kidney 
Disease (CKD)

1.58 [1.14, 2.18] 0.006 1.52 [1.04, 2.23] 0.030 No Mediation 1.51 [1.06, 2.15] 0.023

Corticosteroids 
During COVID-
19 Hospitaliza-
tion

1.56 [1.18, 2.06] 0.002 1.27 [0.901, 1.79] 0.17 Partial Mediation 
(60%)

– –

Respiratory Failure
none (reference)

– – Ref Ref Considered as a 
Mediator

Ref Ref

Acute Respiratory 
Failure without 
ARDS

– – 1.56 [1.07, 2.30] 0.022 Considered as a 
Mediator

1.48 [1.03, 2.13] 0.034

ARDS – – 3.06 [1.97, 4.78]  < 0.001 Considered as a 
Mediator

3.06 [2.02, 4.65]  < 0.001

Maximum High-
sensitivity 
C-Reactive 
Protein

– – 1.004 [1.002, 
1.006]

 < 0.001 Considered as a 
Mediator

1.004 [1.002, 
1.006]

 < 0.001

Maximum D-dimer 1.000 [1.000, 
1.000]

0.12 Considered as a 
Mediator

1.000 [1.000, 
1.000]

0.11
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home (50.1% versus 76.4%, p < 0.001; unadjusted 
OR 0.31, 95% CI [0.24, 0.41], p < 0.001). Overall, 
Persistent Shedding patients were not more likely 
than Negative Shedding patients to experience an 
acute-care hospital reencounter within four months 
[29]; however, amongst patients who had at least 
one reencounter, Persistent Shedding patients had 
more reencounters in four months than Negative 
Shedding patients (median 2 [1, 4] versus 2 [1, 3], 

p = 0.011). Persistent Shedding patients also had 
greater 6-month mortality (14.8% versus 3.8%, 
p < 0.001; unadjusted OR 4.41, 95% CI [2.68, 7.55], 
p < 0.001). Persistent shedding remained signifi-
cantly associated with increased six-month mor-
tality even after adjustment for age, respiratory 
dysfunction severity, and occurrence of delirium 
(Table  4; adjusted OR 2.43, 95% CI [1.42, 4.29], 
p = 0.002).

Table 3  Model of Delirium (ever Confusion Assessment Methods positive) and Acute Brain Dysfunction

* A model exploring the addition of maximum CRP did not demonstrate adjusted significance of maximum CRP or alter effect esti-
mates. Stepwise AIC optimization checking for a parsimonious model demonstrated that the A Priori model was already the most 
parsimonious model for both delirium and acute brain dysfunction. Of note, while the history of any CNS disease was associated 
with greater risk of delirium, a specific history of dementia or mild cognitive impairment was also associated with greater incidence 
of delirium (23 of 34 [67.6%] patients with dementia or mild cognitive impairment versus 354 of 925 [38.3%] patients without 
dementia or mild cognitive impairment experienced delirium, unadjusted odds ratio of delirium with dementia or mild cognitive 
impairment history was 3.37 [1.62, 7.00], p < 0.001)

Variable A Priori Model of Delirium* A Priori Model of Acute Brain 
Dysfunction (Ever Coma or CAM 
Positive)*

OR, [95% CI] P-value OR, [95% CI] P-value

Persistent Shedding 2.45 [1.75, 3.45]  < 0.001 2.40 [1.71, 3.38]  < 0.001
Age, year 0.956 [0.901, 1.02] 0.14 0.955 [0.901, 1.01] 0.12
Age2,  year2 1.0005 [1.00005, 1.001] 0.029 1.0005 [1.00005, 1.001] 0.030
Male Sex 1.33 [0.951, 1.87] 0.095 1.45 [1.03, 2.03] 0.031
History of Any CNS Disease, including Cer-

ebrovascular Disease
2.92 [1.98, 4.33]  < 0.001 2.68 [1.81, 3.96]  < 0.001

Chronic Kidney Disease (CKD) 1.61 [1.11, 2.34] 0.012 1.42 [0.977, 2.07] 0.065
Steroids 1.53 [1.07, 2.19] 0.021 1.41 [0.981, 2.03] 0.063
No Respiratory Failure, reference Ref Ref Ref Ref
Acute Respiratory Failure without ARDS 2.36 [1.61, 3.45]  < 0.001 2.86 [1.98, 4.15]  < 0.001
ARDS 33.1 [20.1, 56.4]  < 0.001 52.1 [29.8, 96.4]  < 0.001

Table 4  Model of six-month mortality

Variable A Priori Model Of 6-Month Mortality Parsimonious Model

OR, [95% CI] P-value OR, [95% CI] P-value

Persistent Shedding 2.39 [1.39, 4.22] 0.002 2.43 [1.42, 4.29] 0.002
Age, year 1.04 [0.940, 1.17] 0.47 1.02 [1.003, 1.04] 0.026
Age2,  year2 0.9998 [0.9989, 1.0007] 0.71 – –
Male Sex 1.41 [0.851, 2.38] 0.19 – –
No Respiratory Failure, reference Ref Ref Ref Ref
Acute Respiratory Failure without ARDS 2.22 [1.01, 5.28] 0.056 2.24 [1.016, 5.30] 0.053
ARDS 5.10 [2.33, 12.3]  < 0.001 5.32 [2.44, 12.7]  < 0.001
Delirium 3.91 [1.98, 8.25]  < 0.001 3.95 [2.00, 8.31]  < 0.001
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Discussion

Persistent viral shedding is a known marker of ini-
tial disease severity and varies extensively based 
on viral infection type, corticosteroid/antiretrovi-
ral treatment, and host immunity [8, 30]. However, 
SARS-CoV-2 viral load has not necessarily corre-
lated with disease severity, though current literature 
remains conflicting [31, 32]. SARS-CoV-2 is unique 
in its increased duration of persistent shedding of 
viral RNA, even in comparison to other coronavi-
ruses such as SARS-CoV and MERS-CoV (mean 
17 versus 15  days) [33]. Understanding these dif-
ferences in viral shedding, infectious potential, 
and impact are critical to public health treatment 
and containment policies. While viral nucleic acid 
detection by RT-PCR is unable to discern between 
active or inactive virus, nor assess response to ther-
apy, the presence of a positive SARS-CoV-2 RT-
PCR test may provide other insights into the host’s 
viral clearance capabilities or severity of the initial 
viral infection itself. Given the ongoing widespread 
clinical use of the nasopharyngeal SARS-CoV-2 
RT-PCR test, the implications of persistent viral 
shedding have never been more relevant to public 
health.

The host immune response plays a pivotal role 
in viral clearance efficiency. Specifically, the T-cell 
mediated response is necessary for SARS-CoV-2 
clearance [34]. Robust activation of the T-cell 
response following SARS-CoV-2 infection may 
also lead to exhaustion, impairing ongoing host 
T-cell function [35]. Persistent viral shedding in 
this setting may suggest an inadequate or ineffective 
T-cell response. However, despite detectable T-cell 
responses, some infected individuals continue to shed 
virus during recovery [34]. This failure to clear the 
virus may be secondary to dysregulation of the host 
immune response, or evasion of the immune system 
by the viral pathogen. The existence of viral reser-
voirs capable of evading host immune responses and 
leading to chronic states of infection are known, and 
human immunodeficiency virus (HIV) [36] and hepa-
titis B (HBV) [37] are well established examples of 
this phenomenon. A viral reservoir mechanism may 
play a role in SARS-CoV-2 infection, with the naso-
pharynx serving as a potential viral reservoir in those 
patients with persistently positive nasopharyngeal 
SARS-CoV-2 RT PCR tests. [38, 39].

The dysfunctional immune response influencing 
viral clearance may also contribute to the higher inci-
dence of in-hospital delirium recognized in Persistent 
Shedding patients. Delirium is a complex, broadly 
encompassing phenotype, within the encephalopathy 
spectrum, that has numerous triggers and predispos-
ing medical comorbidities [40]. The link between 
inflammation and delirium has only recently gained 
significant recognition. Though the exact mechanisms 
by which a systemic inflammatory response contrib-
utes to delirium remain elusive, numerous studies 
have established the foundations for pursuing these 
mechanisms [41, 42]. Given that COVID-19 is an 
inflammatory disease at onset, it is possible that the 
same mechanisms leading to persistent viral shedding 
also contribute to in-hospital delirium, further sup-
porting the inflammation-mediated etiology of delir-
ium hypothesis. Improved understanding of the mech-
anisms leading to delirium in COVID-19 is greatly 
needed given the likely contribution of delirium to 
early death and accelerated aging through chronic 
cognitive and functional impairment and earlier onset 
dementia. [19, 43, 44].

The relationship between inflammation and steroid 
exposure during COVID-19 is not straightforward. 
Steroid exposure during incident COVID-19 was 
associated with increased risk of persistent viral shed-
ding. Similar findings have been reported with other 
viral infections, including influenza infections requir-
ing hospitalization [45]. However, treatment with 
dexamethasone in COVID-19 requiring hospitaliza-
tion has demonstrated improved outcomes, reducing 
short-term mortality and indications for mechanical 
ventilation [46]. Long-term implications of dexa-
methasone in COVID-19 on morbidity and secondary 
infections remain unknown and may be influenced by 
overall duration of steroid exposure. Our data sug-
gest that prolonged steroid administration might be 
expected to increase the incidence of persistent viral 
shedding, but how it may impact outcomes in this set-
ting remains unknown.

There is also strong reason to consider the role of 
microvascular endothelial cells in the pathogenesis 
of delirium in COVID-19 patients [47]. First, SARS-
CoV-2 infects endothelial cells, causing endothelial 
cell injury (endotheliitis), promoting the genesis of 
microthrombi and disrupting the blood–brain barrier 
[47]. Second, both SARS-CoV-2 infection [48–60] 
and the vascular risk factors associated with increased 

GeroScience (2022) 44:1241–1254 1249



1 3
Vol:. (1234567890)

COVID-19 mortality (e.g. obesity) [61] are known 
to be associated with endothelial dysfunction. Third, 
there is increasing evidence that microvascular dys-
function critically contributes to the pathogenesis 
of delirium, by impairing regional cerebral blood 
flow and neurovascular coupling and disrupting the 
blood–brain barrier [62]. It is presently unknown 
whether persistent viral shedding in the nasopharynx 
is also associated with persistent viral replication in 
the microvascular endothelial cells of the cerebral 
circulation. In that regard, it is important that many 
other viruses, including the human cytomegalovirus 
(CMV), also exhibit endothelial tropism and CMV 
replication in endothelial cells can persist for decades 
[63]. The hypothesis that SARS-CoV-2-induced per-
sistent microvascular dysfunction contributes to the 
long-term sequelae of COVID-19 warrants further 
experimental testing.

Along with the retrospective design, incomplete 
capture of patients returning to the hospital remains 
a limitation of our study. This may have inadvert-
ently biased the study in a conservative manner, as 
patients presenting to hospitals outside the NMHC 
and Care Everywhere systems would not have been 
captured through our study methods. Given the broad 
catchment area of NMHC in conjunction with the 
EPIC Care Everywhere Network and likelihood of 
patients to return to similar treatment facilities, we 
suspect this effect would have been minimal in our 
cohort and not significantly altered our results. The 
frequency and timing of respiratory specimen col-
lection was not standardized across all patients, and 
some studies have suggested a circadian association 
between positive SARS-CoV-2 RNA detection in 
nasopharyngeal swabs [64]. However, since all sam-
ples were tested for clinical indications, this would 
have preferentially biased for sample collection dur-
ing clinical symptoms (though perhaps not symptoms 
specific to COVID-19). A subsequent study with 
standardized evaluation of follow-up RT-PCR testing 
would rectify this limitation. Additionally, the CDC’s 
evolving definition of persistent infection versus re-
infection was not initially addressed in our methods. 
A total of 49 patients in our study (12.1%) were noted 
to have a positive persistent RT-PCR result more than 
90  days from initial positive test, which would now 
classify them as warranting evaluation for re-infection 
before they could be classified as persistent shed-
ding. Furthermore, not all historical risk factors for 

developing the delirium-encephalopathy syndrome 
were available for analysis. For example, while data 
were available on a medical history of nervous system 
disease as a risk factor for developing delirium, data 
on whether patients had ever previously experienced 
delirium during a hospitalization were not available, 
which would be expected to predict future episodes 
of delirium during subsequent hospitalizations. An 
additional limitation is that the time from symptom 
onset to diagnosis of COVID-19 was not available 
for this entire cohort, which prevented investigating if 
the duration of symptoms experienced prior to initial 
positive SARS-CoV-2 RT-PCR was associated with 
the occurrence of persistent viral shedding. How-
ever, a separately published study encompassing the 
first month of NMHC’s pandemic experience found 
that patients who developed encephalopathy were 
typically hospitalized one day sooner after symptom 
onset than those who did not develop encephalopa-
thy (median 6 [3, 9] versus 7 [4, 10] days, p = 0.014); 
although, the relationship between duration of 
symptoms before hospitalization and hospital dis-
charge outcome was not statistically significant after 
accounting for other factors associated with outcome 
[19]. This study hypothesized that earlier presentation 
to hospital resulted from those with encephalopathy 
having an overall more severe disease trajectory.

Overall, the findings from the current study have 
broad implications on clinical decisions regarding 
treatment and follow-up evaluation of hospitalized 
COVID-19 patients. Persistent viral shedding as 
defined by positive nasopharyngeal RT-PCR testing is 
a frequent event, occurring in as many as 42.2% of re-
tested hospitalized patients. Persistent viral shedding 
likely depends on the severity of the infection and the 
immune status of the patients [65]. In previous studies 
the reported prevalence of persistent viral shedding 
ranged from 12.8% to 38% [65, 66]. This phenom-
enon may warrant closer observation and follow-up 
in high-risk patients (those with severe disease, male 
gender, obesity, and exposure to corticosteroids as 
identified by our study). It is unknown if patients with 
persistent viral shedding may require longer periods 
of isolation. Additional studies are needed to evaluate 
the specific implications of persistent viral shedding 
in patients infected with SARS-CoV-2, including the 
risk of disease transmission and the duration of isola-
tion needed for a safe resumption of social activities 
and return to the workplace. Further immunologic 
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analyses and T-cell phenotyping may help elucidate 
the cause of persistent viral shedding. Whether post-
acute sequelae of SARS-CoV-2 infection occur more 
frequently in previously hospitalized patients with 
persistent viral shedding remains to be determined. 
This may be a reasonable hypothesis, given our find-
ings of worse discharge disposition and greater delir-
ium incidence and mortality in those experiencing 
persistent viral shedding. As novel variants of SARS-
CoV-2 emerge, a deeper immunologic understanding 
of host response and association with outcomes with 
specific variants may help identify “at-risk” hospital-
ized patients and better inform clinicians on manage-
ment and treatment.
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