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Abstract

The disease spectrum of coronavirus disease 2019 (COVID‐19) varies from asympto-

matic infection to critical illness and death. Identification of prognostic markers is vital for

predicting progression and clinical practice. Severe acute respiratory syndrome cor-

onavirus 2 (SARS‐CoV‐2) RNA, known as RNAemia, has been detected in the blood.

However, the potential clinical value of SARS‐CoV‐2 RNAemia remains unknown. We,

therefore, conducted a meta‐analysis using a random‐effects model to estimate the

pooled prevalence of SARS‐CoV‐2 RNAemia as well as summary strength of RNAemia in

association with disease severity and unfavorable clinical outcomes. A total of 21 studies

involving 2181 patients were included. SARS‐CoV‐2 RNAemia in COVID‐19 patients

varied from 9.4% to 74.1%, with a pooled estimate of 34% (95% confidene interval [CI]:

26%–43%). Overall, SARS‐CoV‐2 RNAemia was associated with COVID‐19 severity with

odds ratio (OR) of 5.43 (95% CI: 3.46–8.53). In addition, SARS‐CoV‐2 RNAemia was a

significant risk factor for unfavorable clinical outcomes (OR=6.54, 95% CI: 3.82–11.21).

The summary OR was 4.28 (95% CI: 2.20–8.33) for intensive care unit (ICU) admission,

11.07 (95% CI: 5.60–21.88) for mortality. Furthermore, RNAemia was also a significant

risk factor for invasive mechanical ventilation and multiple organ failure. SARS‐CoV‐2
RNAemia is associated with disease severity, ICU admission, death in COVID‐19, and
may serve as a clinical predictor. More prospective trials in evaluating the potential of

SARS‐CoV‐2 RNAemia as a prognostic indicator are necessary.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID‐19), originally reported from

Wuhan, China, has spread globally in a very short period.1 As of

December 17, 2020, there were over 75 million confirmed cases

and 1.6 million deaths.2 Deep sequencing revealed severe acute

respiratory syndrome coronavirus 2 (SARS‐CoV‐2) was re-

sponsible for the development of the COVID‐19 pandemic.3

Although most patients present mild‐to‐moderate symptoms,

including fever, dry cough, and fatigue, 5%–10% progress to a

severe or critical disease characterized by pneumonia and

respiratory failure, and death occurred in 2%–5% of the

cases.4

SARS‐CoV‐2 RNA can be detected in nasopharyngeal (NP)/

throat swab, sputum, respiratory tract, peripheral blood, serum, fe-

ces, urine, and tear by polymerase chain reaction (PCR)‐based
methods.5‐9 Viral load by sample type is indicative of virus replication

and clearance and is routinely used to monitor disease progression,

response to antiviral agents, and relapse.10 Since the lungs are most

often affected and viral RNA is commonly detected in NP swabs,

several studies have investigated viral loads in samples from the

upper respiratory tract as a biomarker for severity assessment. Zou
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et al.reported that the viral load was similar among asymptomatic

patients and symptomatic patients.11 Metagenomic sequencing of

NP swabs from COVID‐19 patients with different severity indexes

suggested that increased SARS‐CoV‐2 RNA detection is associated

with the early stages rather than disease severity.12 These results

suggest that viral load in respiratory samples cannot be considered

as a prognostic indicator for severe or critically ill cases. Currently,

the relationship between viral load dynamics in samples from ex-

trapulmonary sites (fecal, tear, and urinary samples) and disease

severity remains unknown.

Recently, coagulopathy has been reported in severe COVID‐19
cases,13,14 implying the spread of SARS‐CoV‐2 within extra-

pulmonary sites via blood flow. In addition to the difficulty of SARS‐
CoV‐2 virus culture from the blood,15 serum SARS‐CoV‐2 nucleic

acid (RNAemia) represents a practical and powerful approach to

evaluate the impact of viral load dynamics on disease severity in

extrapulmonary sites. Increasing evidence addressing SARS‐CoV‐2
RNAemia and disease progression are available; a definite conclusion

has not yet been reached. Therefore, we aimed to establish a com-

prehensive picture of the association between RNAemia and disease

severity as well as unfavorable outcomes, including intensive care

unit (ICU) admission, invasive mechanical ventilation (IMV), and

death.

2 | MATERIALS AND METHODS

2.1 | Identification and eligibility of relevant
studies

RNAemia was defined as the presence of viral RNA, above the technical

limits of detection of PCR‐based assays, in the blood, serum, or plasma.

To identify studies addressing SARS‐CoV‐2 RNAemia and outcome in

patients with COVID‐19, a systematic literature search from

December 1, 2019 to December 24, 2020 was conducted in PubMed,

MedRxiv, BioRxiv, Embase, Cochrane Library, and Chinese National

Knowledge Infrastructure without any restriction. The search term in-

cluded keywords relevant to SARS‐CoV‐2 RNAemia (e.g., “SARS‐CoV‐2
RNAemia,” “RNAemia,” and “viral load”) in combination with words re-

lated to the clinical outcome (e.g., “severity,” “mild,” “moderate,” “severe,”

“critical,” “IMV,” “Invasive mechanical ventilation,” “ICU,” “intensive care

unit,” “death,” and “mortality”) and the blood (“whole blood,” “serum,”

and “plasma”). The titles and abstracts from retrieved articles were

screened to determine their relevance and the references from included

studies were scrutinized and hand‐searched for additional eligible

studies.

Eligible studies were required to meet the following criteria: (1)

clinical study evaluated the association between SARS‐CoV‐2

F IGURE 1 Flowchart of study selection
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RNAemia and COVID‐19 severity or outcomes; (2) original articles

reported independent data; (3) reported relative risks with 95%

confidence intervals (CIs) or sufficient information for effect size

calculation. Studies with fewer than 10 patients; studies only ex-

amined samples other than the blood (e.g., digestive tract, feces, and

respiratory samples) were excluded.

2.2 | Data extraction

Information with regard to authorship, publication year, country,

study design, numbers of patients, age, gender distribution, SARS‐
CoV‐2 RNAemia rate, unfavorable outcomes (ICU admission and/or

death), severity (mild, moderate, severe, and critical illness), IMV,

multiple organ failure (organ ≥ 2), viral RNAemia, SARS‐CoV‐2 de-

tection method, variables adjusted for in the multivariable analysis,

and risk estimates with corresponding 95% CIs was summarized

independently by two reviewers according to a fixed protocol.

Inconsistency from data reports was resolved by further discussion

among all authors through consensus.

2.3 | Statistical analysis

The strength of the association between the presence of

SARS‐CoV‐2 RNAemia and clinical severity or outcomes was

estimated using odds ratios (ORs), with the corresponding 95%

CIs. Hazard ratio (HR), relative risk (RR), and rate ratio were

treated as equivalent estimates of OR since the unfavorable

outcome of patients with COVID‐19 is relatively rare.16 The as-

sociation of SARS‐CoV‐2 RNAemia was first compared between

different clinical severity (mild/moderate vs. severe/critical).

Then we examined the association between SARS‐CoV‐2 RNAe-

mia and adverse clinical outcomes (ICU admission and/or death).

Stratified meta‐analyses based on country (East Asian vs. Wes-

tern country) and study design (prospective vs. retrospective)

TABLE 1 Characteristics of the included studies

Study Sample size Country Sample source

Detection method

(primers) Study design

RNAemia positive

rate (%)

Bermejo‐Martin et al.21 250 Spain Plasma ddPCR (N) Cross‐sectional 42.8

Berastegui‐Cabrera
et al.22

72 Spain Plasma RT‐PCR (ORF, E, N) Prospective cohort 15.3

Hogan et al.23 85 USA Plasma RT‐PCR (E) Cross‐sectional 32.9

Xu et al.24 85 China Plasma RT‐PCR (ORF1ab/N) Retrospective cohort 37.6

Veyer et al.25 58 France Plasma ddPCR (ORF1ab/N) Cross‐sectional 74.1

Andersson et al.26 212 UK Plasma RT‐PCR (ORF1b/N) Retrospective cohort 12.7

Prebensen et al.27 123 Norway Plasma RT‐PCR (E) Prospective cohort 39.0

Chen et al.28 48 China Serum RT‐PCR (ORF1ab/N) Retrospective 10.4

Hagman et al.29 167 Sweden Serum RT‐PCR (ORF1,E, RdRp) Retrospective cohort 36.5

Huang et al.30 41 China Plasma RT‐PCR (E) Prospective cohort 14.6

Chen et al.31 97 China Plasma RT‐PCR (ORF, E, N) Retrospective cohort 34.0

Fang et al.32 32 China Blood RT‐PCR (CDC primers) Retrospective 71.9

Chen et al.33 57 China Blood RT‐PCR (ORF1ab/N) Retrospective cohort 10.5

Zheng et al.5 96 China Serum RT‐PCR (ORF1ab) Retrospective cohort 41.1

Mancuso et al.34 22 Italy Serum ddPCR (CDC primers) Retrospective 36.4

Eberhardt et al.35 32 Germany Serum RT‐PCR (ORF1ab/E) Retrospective cohort 43.7

Kawasuji et al.36 56 Japan Serum RT‐PCR (N) Retrospective cohort 19.6

van Riel et al.37 20 Netherlands Serum RT‐PCR (E) Retrospective 70.0

Ram‐Mohan et al.38 191 USA Plasma ddPCR, RT‐PCR (N) Prospective 23.0

Ramírez et al.39 203 Spain Serum RT‐PCR (ORF1ab/E) Retrospective cohort 62.6

Lei et al.40 234 China Blood RT‐PCR (ORF1ab/N) Retrospective 9.4

Abbreviations: ddPCR, droplet digital polymerase chain reaction; RT‐PCR, real‐time polymerase chain reaction.
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were also performed. We calculated the prevalence of

SARS‐CoV‐2 RNAemia from individual studies and then pooled to

estimate the overall prevalence. Random effects model which

takes into account the variation between studies was adopted to

calculate pooled effect estimates.17 Cochran's Q test and I2 index

were calculated to explore heterogeneity across studies.18 To

assess the stability of the results, a sensitivity analysis was

performed by removing each individual study in turn from the

total and reanalyzing the remaining studies. Egger's tests and

Begg's tests were used to identify potential publication bias and

small studies effect.19,20 Type I error rate was set at 0.05 for

two‐sided analysis. All statistical analyses were done using the

STATA software (version 11.0).

3 | RESULTS

3.1 | Study characteristics

The search identified 2837 publications, and 21 studies involving 2182

patients were finally included5,21‐40 (Figure 1). A retrospective study

design was used in the majority of included studies (17/21). As for

F IGURE 2 Prevalence of SARS‐CoV‐2 RNAemia in COVID‐19 patients in different countries. Each box represents the prevalence point
estimate, and its area is proportional to the weight of individual study. COVID‐19, coronavirus disease 2019; SARS‐CoV‐2 RNAemia, severe
acute respiratory syndrome coronavirus 2 RNA
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method used for SARS‐CoV‐2 RNA detection, 17 of included studies

employed real‐time reverse transcriptional polymerase chain reaction

(RT–PCR) and 4 studies employed droplet digital PCR (ddPCR). Nine

studies were conducted in East Asian and 12 in Western countries.

Characteristics of the included studies are shown in Table 1.

3.2 | Association between SARS‐CoV‐2 RNAemia
and disease severity

The positive rate of serum SARS‐CoV‐2 viral RNA varied from 9.4%

to 74.1%, with a pooled estimate of 34% (95% CI: 26%–43%,

Figure 2). Significant heterogeneity (p < 10−5, I2 = 95.6%) was de-

tected among included studies, indicating a significant difference

across different studies. Overall, SARS‐CoV‐2 RNAemia was asso-

ciated with COVID‐19 severity with OR of 5.43 (95% CI: 3.46–8.53,

p < 10−5; Figure 3). The data on age distribution were reported in

four studies; individuals with RNAemia were significantly older than

those with undetectable SARS‐CoV‐2 RNA in a combined analysis

(p < .01). When stratified by study country and study design, sig-

nificant results were maintained (Table 2).

3.3 | Association between SARS‐CoV‐2 RNAemia
and clinical outcomes

We found that unfavorable clinical outcomes are significantly more

likely to occur in patients with SARS‐CoV‐2 RNAemia compared with

those with undetectable SARS‐CoV‐2 RNA (OR = 6.54, 95% CI:

3.82–11.21, p < 10−5; Figure 4). ORs for SARS‐CoV‐2 RNAemia po-

sitivity were 4.28 (95% CI: 2.20–8.33; Figure 5) for ICU admission

and 11.07 (95% CI: 5.60–21.88; Figure 6) for all‐cause mortality.

When analyzed according to country and study design, significant

associations were detected almost in all comparisons (Table 2). IMV

was used significantly more frequently in individuals with RNAemia

compared with those with undetectable SARS‐CoV‐2 RNA (OR =

8.25, 95% CI: 2.98–22.80, p < 10−4; Pheterogeneity = 0.68, I2 = 0%,

Figure S1). By combining 2 available studies, a significantly increased

F IGURE 3 Risk for disease severity in patients with SARS‐CoV‐2 RNAemia versus patients without detectable SARS‐CoV‐2 RNA. Each box
represents the OR point estimate, and its area is proportional to the weight of the individual study. OR, odds ratio; SARS‐CoV‐2
RNAemia, severe acute respiratory syndrome coronavirus 2 RNA
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risk of multiple organ failure was observed among patients with

RNAemia (OR = 7.33, 95% CI: 2.46–21.88, p < 10−4; Pheterogeneity =

0.57, I2 = 0%).

3.4 | Assessment of heterogeneity

There was statistical heterogeneity in comparison (Table 2) and the

study by Lei et al. was identified as the main source of between‐
studies heterogeneity in sensitivity analyses. As for limited data,

meta‐regression could not be performed to assess the correlation

between SARS‐CoV‐2 RNAemia and disease severity or clinical

outcomes.

3.5 | Sensitivity analyses and publication bias

A single study involved in the meta‐analysis was deleted each time to

reflect the influence of the individual data set to the pooled ORs, and

the corresponding pooled ORs were not qualitatively altered. No

publication bias (p > .05 for all) was observed for this overall meta‐
analysis (Figures S2 and S3).

4 | DISCUSSION

To our knowledge, this is the first meta‐analysis to explore the as-

sociation of SARS‐CoV‐2 RNAemia and disease progression of

COVID‐19. Patients with positive SARS‐CoV‐2 RNAemia have a

greater risk for COVID‐19 severity, especially for ICU admission and

mortality. These findings are also in line with SARS and Middle East

respiratory syndrome (MERS), in which detection of the virus in

serum correlated with adverse clinical outcome.41,42

There is inconsistency in the positive rate of SARS‐CoV‐2
RNAemia among published data, whereas some authors reported

0%–1% of RNAemia.1,11 Here are several explanations to interpret

the abovementioned phenomenon. First, clinical characteristics (e.g.,

the number of patients with severe/critically illness, and age) may

attribute to these different results since SARS‐CoV‐2 RNAemia oc-

curred more frequently in older age and severe cases. Second, dif-

ferences in sample collection protocols (e.g., at hospital admission,

after confirmed COVID‐19 cases, several days before or after the NP

collection or symptom) may also have affected the results, as an

optimal period for blood sampling remain unknown. Third, differ-

ences in the sensitivity and/or specificity of the analytical techniques

(ddPCR or RT‐PCR target to N, S, E genes or ORF1ab region), or

F IGURE 4 Risk for unfavorable outcomes in patients with SARS‐CoV‐2 RNAemia versus patients without detectable SARS‐CoV‐2
RNA. SARS‐CoV‐2 RNA, severe acute respiratory syndrome coronavirus 2 RNA

TANG ET AL. | 3171



F IGURE 5 Odds ratios for ICU admission between the patient with and without SARS‐CoV‐2 RNAemia. ICU, intensive care unit; SARS‐
CoV‐2 RNAemia, severe acute respiratory syndrome coronavirus 2 RNA

F IGURE 6 Odds ratios for all‐cause mortality between the patient with and without SARS‐CoV‐2 RNAemia. SARS‐CoV‐2 RNA, severe
acute respiratory syndrome coronavirus 2 RNA

3172 | TANG ET AL.



sample size and preparation (plasma, serum, and whole blood) may

also have affected the results.39

In our pooled analysis, we found that RNAemia is associated

with a higher risk for ICU admission, IMV, and death in COVID‐19
patients. This would be clinically important because insufficient ICU

resource and IMV facility are currently available worldwide, besides

the limited manufacturing capacity during pandemic in a short per-

iod. Risk factors, including age, smoking, and comorbidities,

have been identified, while these factors seemed unable to reflect

the severity or progression of the disease or replication level of the

virus.43‐45 Indeed, there is an urgent need for a robust COVID‐19
clinical scoring system, and RNAemia reflecting the potential cap-

ability of the virus may be considered as a prognostic indicator for

the early identification of individuals likely to develop severe/

critical COVID‐19.23

Bouadma et al. reported that a patient with positive SARS‐CoV‐2
RNAemia developed multiorgan failure and died.46 Our meta‐
analysis also observed RNAemia in COVID‐19 patients with an in-

creased risk of multiple organ failure. These findings are in line with

the multiorgan involvement in patients with the critical disease and

autopsy data reporting viral infection in several organs, indicating

the hematogenic spread of the virus.47,48 Of note, the subgroup

analysis considering the interaction between SARS‐CoV‐2 RNAemia

and multiple organ failure was performed on the basis of limited data

currently available; statistical power for the analyses is limited.

Further follow‐up is needed to determine the impact on long‐term
organ damage in patients with positive or negative for SARS‐CoV‐2
RNAemia after discharge. Furthermore, whether the detected

RNAemia belongs to circulating viral particles and is a marker for an

infectious systemic spread of SARS‐CoV‐2 should be examined.25

Detailed immunopathologic mechanisms underlying the asso-

ciation between RNAemia and adverse outcomes remain a matter of

speculation. RNAemia patients presented with endothelial dysfunc-

tion (Angiopoien‐2), hypercitokinemia (CCL2, IL‐6),21,27 coagulation

activation (D‐Dimer), systemic inflammatory response (CRP, Ferrin),

neutrophil degranulation (Myeloperoxidase) as well as tissue damage

(LDH) indicates dysregulated host response to infection and thus

lead to high mortality rates.49,50 Furthermore, detection of RNAemia

in severe COVID‐19 suggests that viral replication is more robust in

severe cases and shows the incapability of critically ill patients in

viral replication control.

Our study has several limitations. First, our results are based on

a number of retrospective literature with different study protocols

(e.g., a criterion for ICU admission and IMV, sampling time), and the

recall and selection bias might exist. Additional prospective trials are

warranted to further evaluate the clinical potential of SARS‐CoV‐2
RNAemia as a prognostic marker for predicting progression and

outcomes of COVID‐19. Second, our results were mainly based on

unadjusted estimates. Ideally, we would like to pool individual‐level
data and conduct a more precise analysis, which could be adjusted

for other covariants, such as age, obesity, and other common co-

morbidities, including cancer, hypertension, diabetes, and cardio-

vascular diseases. Third, subgroup meta‐analyses were performed on

the basis of a fraction of all the possible data, so selection bias may

have occurred.

5 | CONCLUSIONS

In summary, the findings of this study revealed that SARS‐CoV‐2
RNAemia is a significant risk factor for disease severity and adverse

outcomes in COVID‐19, particularly for ICU admission and death.

These results suggest that RNAemia may serve as a clinical scoring

component for risk stratification, and SARS‐CoV‐2 RNAemia eva-

luation would be crucial for COVID‐19 patients. To confirm these

findings, future studies should involve a prospective design, strict

selection of cases, testing protocols, and larger studies of diverse

populations.
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