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Abstract 37 

 38 

Determinants of Post-Acute Sequelae of COVID-19 are not known.  Here we show that 75% of 39 

patients with viral RNA in blood (RNAemia) at presentation were symptomatic in the post-acute 40 

phase. RNAemia at presentation successfully predicted PASC, independent of patient 41 

demographics, initial disease severity, and length of symptoms. 42 
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Background 60 

 61 

The determinants of COVID-19 severity and extrapulmonary complications have now been well 62 

studied, and RNAemia (viral RNA in blood) has emerged as an important factor (1,2). Much less 63 

is known about the determinants of Post-Acute Sequelae of COVID-19 (PASC), the persistence 64 

or development of new symptoms after the acute phase of infection, recently reported to affect as 65 

many as 87.4% of COVID-19 patients (3,4) primarily with moderate or worse severity (5,6). 66 

Recent evidence suggested persistent clotting protein pathology with elevated levels of 67 

antiplasmin (7) and non-classical monocytes (8) in patients with PASC. Discovery of SARS-68 

CoV-2 S1 protein in these non-classical monocytes and fragmented SARS-CoV-2 RNA in 69 

peripheral blood mononuclear cells in a PASC patient 15 months post infection further exhibited 70 

the persistence of viral particles (8). Given the importance of RNAemia in disease severity and 71 

its persistence in the blood, we describe the relationship between RNAemia at presentation and 72 

post-acute symptoms at least three weeks after symptom onset.  73 

  74 

Methods  75 

 76 

We studied the clinical trajectories of 155 patients enrolled in the IRB-approved (eP-55650) 77 

Stanford Hospital Emergency Department (ED) COVID-19 Biobank between April and 78 

November 2020 with completed follow-ups. We assessed symptoms and severity (based on a 79 

modified WHO scale) (1) on the date of enrollment (median = 4, range = 0 – 44 days after 80 

symptom onset), and at least three weeks after symptom onset (median = 35, range = 21 – 79 81 

days). 82 
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 83 

We measured SARS-CoV-2 RNAemia at the time of enrollment, using the definitions of our 84 

earlier study (1). We compared the proportions of initially RNAemic and non-RNAemic patients 85 

with persistent or new symptoms in the post-acute phase using a 2-sample chi-squared test with 86 

continuity correction. We estimated the association between RNAemia at enrollment and PASC 87 

at follow-up in a logistic model controlling for disease severity at enrollment, patient 88 

demographics (age and gender), presence of any symptom at enrollment (anxiety, dizziness, 89 

fatigue, hair loss, palpitations, rash, insomnia, chest pain, chills, cough, decrease in sense of 90 

taste, fever, nausea/vomiting/diarrhea, headache, loss of smell, myalgia, new confusion, 91 

shortness of breath), and durations of symptoms. We also compared the median number of PASC 92 

symptoms for RNAemic and non-RNAemic patients using the Wilcoxon rank-sum test with 93 

continuity correction. We performed all analyses in R (version 4.0.3).   94 

 95 

Results 96 

 97 

 49.0% (76/155) of patients were women, and the median age was 45 years (IQR 34 – 60). At 98 

enrollment, 27.1% (42/155) of patients had mild disease severity, 67.7% (105/155) moderate, 99 

and 5.2% (8/155) severe. Patients had a median of six symptoms (IQR = 4–8): 72.3% (112/155) 100 

had a cough, 65.3% (101/155) had shortness of breath, and 64.5% (99/155) had fever. In the 101 

post-acute phase, 52.3% (81/155) had one or more new (24.5% [38/155]) or persistent (37.4% 102 

[58/155]) symptoms, of which the most common were cough, dizziness, and loss of smell (Table 103 

1).  1.3% (2/155) of patients developed anxiety that was not present at enrollment.  104 

 105 
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75.0% (27/36) of initially RNAemic patients were symptomatic in the post-acute phase, 106 

compared to 43.7% (52/119) of non-RNAemic patients (difference = 31.3% [95% CI, 12.8% - 107 

49.8%], p=0.002). RNAemic patients had a median of one symptom in the post-acute phase 108 

compared to zero in non-RNAemic patients (p=0.014, Wilcoxon rank-sum test). RNAemia at 109 

presentation predicted PASC, conditional on patient demographics and initial disease severity 110 

(OR 1.31 [95% CI, 1.08 – 1.59], p=0.007 (Supplement)). The association was strongest for 111 

patients with moderate disease severity at presentation (Figure), with 78.6% (22/28) of initially 112 

RNAemic patients symptomatic in the post-acute phase, compared to 45.5% (35/77) of non-113 

RNAemic patients (difference = 33.1% [95% CI, 11.8% - 54.4%], p=0.005). This difference was 114 

due almost entirely to persistent or new respiratory symptoms (difference in proportions = 28.2% 115 

[95% CI, 8.4% - 47.9%], p=0.002).  116 

 117 

Discussion 118 

 119 

 To our knowledge, this study describes the first reported association between SARS-CoV-2 120 

RNAemia and PASC. RNAemia at presentation was associated with new or persistent symptoms 121 

at least 21 days after symptom onset independent of initial patient severity and the association 122 

was strongest among patients with moderately severe clinical presentations requiring hospital 123 

admission. This finding adds to the growing literature on SARS-CoV-2 RNAemia’s role in 124 

disease severity and extrapulmonary complications in the acute phase of illness, as well as the 125 

association between hospitalization and PASC (1,2,5,6). The incidence of PASC was lower in 126 

this single-center study than in reports from Italy and the UK (3,4), but similar to that reported in 127 

a recent study from the US (9). The potential contributions of patient characteristics, study 128 
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methodologies, and viral variants to these discrepancies merit further study. Though the 129 

mechanisms underlying RNAemia’s contributions to multi-system pathology in both the acute 130 

and post-acute phases, when persistent, remain to be elucidated, mounting evidence for its 131 

predictive value suggests that testing for SARS-CoV-2 RNAemia at presentation may help guide 132 

the triage, management, and prognosis of COVID-19.  133 
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Tables and Figures 186 
Table: Progression of COVID-19 symptoms   187 

Symptom On enrollment 
Persistent at 

follow-up 

New at follow-

cup 

Cardiovascular     

Chest Pain 34.2% (53/155) 11.3% (6/53) 0.7% (1/149) 

Palpitations 0.6% (1/155) 0 (0) 1.3% (2/155) 

Dermatologic     

Rash 1.3% (2/155) 0 (0) 0.6% (1/155) 

Hair Loss 0 (0) 0 (0) 0.6% (1/155) 

Gastrointestinal     

Nausea/vomiting/diarrhea 43.8% (68/155) 7.3% (5/68) 0.7% (1/150) 

Constitutional     

Fever 64.5% (100/155) 1.0% (1/100) 0 (0) 

Chills 32.9% (51/155) 3.9% (2/51) 0.6% (1/153) 

Myalgia 41.2% (64/155) 15.6% (10/64) 4.1% (6/145) 

Fatigue 36.7% (57/155) 14.0% (8/57) 8.2% (12/147) 

Neuropsychiatric     

Loss of Taste 41.2% (64/155) 14.0% (9/64) 0 (0) 

Loss of Smell 29.6% (46/155) 19.5% (9/46) 0 (0) 

Confusion 2.5% (4/155) 0 (0) 2.6% (4/155) 

Headache 22.5% (35/155) 2.8% (1/35) 5.2% (8/154) 

Dizziness 5.8% (9/155) 22.2% (2/9) 2.6% (4/153) 

Insomnia 0.6% (1/155) 0 (0) 0.6% (1/155) 

Anxiety 0 (0) 0 (0) 1.3% (2/155) 

Respiratory     

Cough 72.2% (112/155) 25.8% (29/112) 3.9% (5/126) 

Shortness of breath 65.1% (101/155) 18.8% (19/101) 3.7% (5/136) 

 188 

 189 

  190 
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Figure  191 

192 

Figure. Rate of post-acute sequelae of SARS-CoV-2 infection, by RNAemia and clinical193 

severity on enrollment. Overall, 75.0% (27/36) of initially RNAemic patients had one or more194 

post-acute symptoms at follow-up, compared to 43.7% (52/119) of non-RNAemic patients195 

(difference = 31.3% [95% CI: 12.8% - 49.8%], p=0.002). Conditional on severity at enrollment196 

(mild = discharged from ED [n=42], moderate = hospitalized, requiring no more than oxygen by197 

nasal cannula [n=105], severe = hospitalized, requiring high-flow nasal cannula or mechanical198 

ventilation [n=8]), RNAemia on presentation was associated with significantly higher rates of199 
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PASC for presentations of moderate severity (difference = 33.1% [95% CI, 11.8% - 54.4%], 200 

p=0.005). * indicates p-value<0.05. 201 
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