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Prevalence and clinical relevance of viraemia in viral respiratory
tract infections: a systematic review

Karl Hagman*, Tamara Postigo*, David Diez-Castro*, Johan Ursing, Jesis F Bermejo-Martint, Amanda de la Fuentet, Ana P Tedimt

In this Review, we analysed the prevalence of viraemia during infection with SARS-CoV-2 and other relevant
respiratory viruses, including other human coronaviruses such as MERS-CoV and SARS-CoV, adenovirus,
human metapneumovirus, human rhinovirus/enterovirus, influenza A and B virus, parainfluenza virus,
and respiratory syncytial virus. First, a preliminary systematic search was conducted to identify articles published
before May 23, 2024 that reported on viraemia during infection with respiratory viruses. The articles were then
analysed for relevant terms to identify the prevalence of viraemia, its association with the disease severity and long-
term consequences, and host responses. A total of 202 articles were included in the final study. The pooled prevalence
of viraemia was 34% for SARS-CoV-2 and between 6% and 65% for other viruses. Association of viraemia with disease
severity was extensively reported for SARS-CoV-2 and also for SARS-CoV, MERS-CoV, adenoviruses, rhinoviruses,
respiratory syncytial virus, and influenza A(H1IN1)pdmO09 (albeit with low evidence). SARS-CoV-2 viraemia was linked
to memory problems and worsened quality of life. Viraemia was associated with signatures denoting dysregulated host
responses. In conclusion, the high prevalence of viraemia and its association with disease severity suggests that
viraemia could be a relevant pathophysiological event with important translational implications in respiratory viral

infections.

Introduction

Viraemia is a crucial and well documented pathogenic event
in systemic infections, such as those caused by measles
virus and varicella zoster virus."? Even though the primary
route of infection for these viruses is through the respiratory
tract, the viruses lead to a systemic infection in immuno-
logically naive individuals, resulting in symptoms asso-
ciated with a wide range of organs. The experience with
COVID-19 has indicated that viraemia can also play an
important role in viral infections that primarily affect the
respiratory tract.

The lungs represent an anatomical site where the target
cells for respiratory viruses (alveolar epithelial cells) interact
closely with vast networks of blood capillaries, as well as the
cells mediating the host response against these viruses. Ina
host unable to control viral replication at an early stage, the
inflammatory response, activation of the coagulation system
or directaction of the virus, or both, could damage the alveoli
and vascular endothelium. This effect can lead to leakage of
virions or viral components into the pulmonary and
systemic circulation, potentially spreading the damage to
other parts of the lungs and distant organs.**

The prevalence and clinical relevance of viraemia
secondary to respiratory infections caused by viruses
other than SARS-CoV-2 remain largely unknown, partly
attributed to viraemia not being recognised as an
important occurrence during infections caused by respira-
tory viruses, compounded by the difficulty in culture
isolation of respiratory viruses from the blood.* Nonetheless,
RNAaemia or antigenaemia could serve as surrogates of
viraemia. Evidence has shown that the presence of viral
material in the blood reflects the degree of viral replication in
the lungs.®”

In this systematic review, we collected and analysed the
evidence in existing literature on the prevalence of viraemia
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during infections caused by respiratory viruses. In this
Review, viraemia was defined as the presence of live virus or
viral components in the blood. We also described the short-
term and long-term clinical effect and host-response
alterations linked to viraemia. Finally, we discussed the
translational implications that profiling viraemia could have
in this context.

Methods

Search strategy and selection criteria

We performed a systematic search in PubMed, compliant
with the PRISMA guidelines, on the most important respira-
tory viruses from database inception until May 23, 2024,
as follows: adenovirus; human coronaviruses, including
MERS-CoV, SARS-CoV, and SARS-CoV-2; human meta-
pneumovirus; human rhinovirus or enterovirus; influ-
enza A and B virus; parainfluenza virus; and respiratory
syncytial virus (RSV), which are the most prevalent
respiratory viruses routinely assessed in microbiology
laboratories.® All the possible variations for the names of
these viruses were covered in PubMed using the follow-
ing search query: “AND ((viremia) OR (viraemia) OR
(RNAemia) OR (antigenemia) OR (antigenaemia)
OR ("viral particle” AND (blood OR plasma OR serum OR
sera)) OR ("viral particles" AND (blood OR plasma OR
serum OR sera)) OR (("viral load") AND (blood
OR plasma OR serum OR sera))) AND ((patient OR
patients OR person OR people OR individual OR
individuals OR participant OR participants OR volunteer
OR volunteers)) NOT (Review[Publication Type] OR
“Case reports”[Publication Type]))”.

We identified a total of 2865 articles. Only articles in
English were considered. Using the PMID, we excluded
duplicate articles that appeared in more than one search,
ending up with a total of 2448 articles. Screening of these
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Figure 1: PRISMA flow diagram of the study selection

See Online for appendix

articles for relevance resulted in the exclusion of 2246 of
them (the exclusion criteria are provided in figure 1 and
appendix pp 19-52). Finally, a total of 202 articles were
included in this Review.

Data analysis

The articles finally included in the review were screened to
identify those evaluating the prevalence of viraemia in
the acute phase of the disease. The summary prevalence
(95% CI) of viraemia for different respiratory viruses
was calculated by random effects meta-analyses using
Freeman-Tukey double-arcsine transformation® on data
from adults and children. A forest plot was created to
summarise the data from a subanalysis of the prevalence of
RNAaemia during SARS-CoV-2 infection in individuals
with varying disease severity at the time of sampling
(appendix p 16). The heterogeneity among studies
was assessed using chi-squared statistics and the I* value.?
Statistical analyses were performed using Stata version 18.0.
A p-value of less than 0-05 was considered statistically
significant.

Furthermore, articles were screened for the association
between viraemia and disease severity in the acute phase of
the disease. Six variables of severity were considered for this
objective, as follows: [Severity SCORES], encompassing
the severity of the disease as assessed by clinical scores or
guidelines; [Hospital admission], which indicated whether
patients required admission to a hospital; [Extrapulmonary
complications], which included the terms “Multiple
organ dysfunction/failure”, “Myocardial Injury”, “Severe
Liver Dysfunction”, “Renal Replacement Therapy”, or
“Extrapulmonary Complications”; [Respiratory involvement

with no Acute Respiratory Distress Syndrome (ARDS)],
which included the terms “Necessity of Oxygen therapy”,
“Hypoxemia”, “Chest x-ray abnormalities”, and “Respiratory
Failure” in the absence of ARDS; [Severe/Critical Status],
which included the terms “ICU admission”, “Necessity of
mechanical ventilation or Extracorporeal membrane
oxygenation, ECMO”, “ARDS” (in COVID-19, this variable
also includes “Severe disease”, as classified by WHO! with a
severity score ranging from 6 to 10; however, in some studies,
only the WHO score was mentioned); and [Mortality].

The articles were also screened for the following terms to
evaluate the correlation of viraemia with long-term
consequences: [long COVID], [post COVID], [post-acute
COVID-19], [post-acute sequelae of COVID-19], [PASC],
[MIS-C], and [long-term consequences]. Moreover, articles
were screened for the presence of the following terms to
identify those evaluating the link between viraemia and the
host response: [cytokine/s], [chemokine/s], [interleukin/s],
[interferon/s], [defensin/s], [complement factor/s],
[perforin/s], [leukocyte/s], [neutrophil/s], [proteases],
[lymphocyte/s], [monocyte/s], [dendritic cells], [T cells],
[B cells], [antigen presentation], [immunoglobulin/s], [IgG],
[IgA], [IgM], [T regulatory cells (Treg)], [natural killer cells
(NK)], [neutrophil extracellular traps (NETs)], [endothelial
dysfunction], [Vascular cellular adhesion molecule-1
(VCAM-1)], [Angiopoietin-2 (ANG2)], [Endothelin-1
(ET-1)], [D-dimer/s], [platelets], [proteomics], [RNA-seq],
[coagulation], and [inflammation].

Critical appraisal

All studies that met the inclusion criteria for the sections on
prevalence and disease severity were evaluated individually
by two independent reviewers (DD-C and TP) to assess the
risk-of-bias using The Joanna Briggs Institute (JBI) critical
appraisal checklist'** and Newcastle-Ottawa quality
assessment Scale (NOS)™* (appendix pp 3-5).

For the JBI checKlist, the final scores ranged between
0 and 9, dassifying each article into one of the following
categories: low risk-of-bias (7-9 points), moderate risk-of-
bias (5-6 points), and high risk-of-bias (<5 points). Final
NOS scores ranged between 0 and 8, classifying the articles
into the following three categories: low risk-of-bias
(8 points), moderate risk-of-bias (7 points), and high risk-
of-bias (<7 points). Regardless of the scores, all studies
were included in the main analyses.

Results
There are few data available in the literature on the
prevalence of viraemia in acute viral respiratory tract infec-
tions. The available studies (n=181) suggest that viraemia
is a common feature for SARS-CoV-2 (n=122) and other
viruses (n=59) that cause respiratory tract infections
(table and appendix pp 53-57).+¢16-1

Regarding the risk-of-bias assessed by JBI for articles on
SARS-CoV-2 induded in this section, the majority of
articles (n=92, 75%) were categorised as having a low risk-of-bias,
followed by those that had a moderate risk-of-bias (n=30, 25%),
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Virus Viral All patients Adults Children
component Patients Patients Percent viraemic Number  Patients Patients Percent viraemic Number  Patients Patients Percent viraemic Number
viraemic sampled (95% Cl) of studies viraemic sampled (95% Cl) of studies viraemic sampled (95% Cl) of studies
Adenovirus DNA 157 410 57% (24-87) 7 14 16 90% (68-100) 2 143 394 44% (11-80) 5
Enterovirus RNA 12 28 43% (25-62) 1 12 28 43% (25-67) 1
Seasonal influenza A/B RNA 20 212 % (1-13) 10 16 132 10% (2-21) 5 80 % (0-11) 5
Influenza A HIN1 (2009) RNA 58 373 16% (3-35) 9 57 263 17% (3-39) 8 10 10% (0-38) 1
Avian influenza* RNA 32 62 54% (19-88) 5 20 43 43% (3-89) 4 3 3 100% (50-100) 1
Rhinovirus RNA 124 1400 % (3-15) 6 4 223 4% (0-30) 2 120 1178 10% (6-16) 5
RSV RNA 105 313 29% (13-49) 5 32 133 20% (4-43) 2 73 180 36% (12-65) 3
Antigen 9 15 60% (34-84) 1 0 9 15 60% (34-84) 1
Human CoVt RNA 0 20 0% (0-8) 1 0 0 20 0% (0-8) 1
MERS-CoV RNA 80 145  58% (43-72) 6 80 145  58% (43-72) 6 0
SARS-CoV RNA 156 250  65% (54-75) 9 149 242 63% (52-74) 8 7 8 88% (54-100) 1
Antigen 80 85  94% (88-98) 1 80 85  94% (88-94) 1 0
SARS-CoV-2 RNA 6329 16720  34% (29-40) 111 6271 15800  38% (33-44) 101 49 337 7% (0-24) 9
Antigen 1541 2741 63% (50-75) 17 1431 2566  63% (47-78) 13 110 175 63% (42-82) 4
RSV=respiratory syncytial virus. CoV=coronavirus. MERS=Middle East respiratory syndrome. SARS=severe acute respiratory syndrome. Number of patients with acute viral respiratory tract infections and tested for viraemia
(RNAaemia or DNAaemia or antigenaemia). A list of the included papers is shown in the appendix (pp 53-57). Synthesised proportions of viraemic patients (95% Cl) calculated via random-effects meta-analyses with the
Freeman-Tukey double-arcsine transformation. Summary statistics of heterogeneity are shown in the appendix (pp 58). *Includes influenza A H5N1 and H7N9. fIncludes 229E, NL63, 0C43, and HKU1.
Table: Prevalence of viraemia in acute viral respiratory tract infections

with no articles estimated to have a high risk-of-bias
(appendix p 17). In these studies, the main source of the
overall risk-of-bias was an inadequate sample size (figure 2).

The prevalence of viraemia in SARS-CoV-2 infections
differs depending on the sampled population (eg, disease
severity), timing of the sampling, sensitivity of the method
used to identify viraemia (eg, reverse transcription quanti-
tative PCR vs droplet digital PCR), and the viral fragment
detected (eg, RNA vs antigens).**#171¢* The synthesised
prevalence of SARS-CoV-2 RNAaemia in the 111 included
papers was 34% (95% CI 29-40), with high heterogeneity
between studies (I’=98-2%, appendix p 58). The prevalence
increased significantly (p<0-001) with disease severity at the
time of sampling, as shown in data from 48 of the included
studies (appendix p 16).

The prevalence of RNAaemia was 11% (95% CI 0-5-18) in
patients with mild or moderate disease, 36% (26—46) in
those with severe disease, and 65% (56-75) in those with
critical disease. Moreover, patients with critical disease had a
higher plasma RNA load than patients with milder disease.**
Further, antigenaemia was more common and concen-
trations of antigen were higher in the blood of patients with
severe illness compared to those with a milder course of the
disease.” A peak concentration of RNAaemia and anti-
genaemia was observed during the first week after the onset
of symptoms, and few positive cases were reported during
the convalescent period.'*1%*1% A large majority (115 of 122)
of papers reporting prevalence data on viraemia during
SARS-CoV-2 infection included in this study enrolled
patients during the first pandemic waves spanning from
2020 to the early months of 2021 (appendix pp 53-57).
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Figure 2: Summary plots of the overall risk-of-bias assessed by means of JBI checklist of articles that studied
viraemia prevalence in (A) SARS-CoV-2 infection and (B) other respiratory viral infections

The overall risk-of-bias was presented by item as a percentage across all included studies. Items:

Q1) Was the sample frame appropriate to address the target population? Q2) Were the study participants
sampled in an appropriate way? Q3) Was the sample size adequate? Q4) Were the study subjects and
the setting described in detail? Q5) Was the data analysis conducted with sufficient coverage of the
identified sample? Q6) Were valid methods used for the identification of the condition? Q7) Was the
condition measured in a standard, reliable way for all participants? Q8) Was there an appropriate
statistical analysis? Q9) Was the response rate adequate, and in case not, was the low response rate

managed appropriately?

JBI=The Joanna Briggs Institute.
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Thus, there is a scarcity of data on the prevalence of viraemia
in vaccinated or previously infected individuals. However,
one study reported similar vaccination rates (36-7% vs41-7%)
in patients with and without antigenaemia and another
reported that patients with antigenaemia were less frequently
vaccinated with at least two doses."7¢

Data reporting the prevalence of viraemia during
respiratory infections caused by other viruses were more
scarce than those reporting the prevalence of viraemia
during infections caused by SARS-CoV-2. In terms of risk-
of-bias, most of the articles included in this study were
classified as having a low risk-of-bias (n=32, 54%), followed
by those having a moderate risk-of-bias (n=26, 44%),
with one article classified as having a high risk-of-bias
(appendix p 17). The sample size was also a key factor that
affected the overall risk-of-bias (figure 2). Other important
sources of risk-of-bias were inappropriate ways of reporting
prevalence information and missing patient data (figure 2).

A high frequency of RNAaemia and antigenaemia
(ranging from 33% to 100%) was described in patients with
MERS_COV or SARS_COV infect'lons.lé,z&l‘)ﬁ1,32,3()—38’43,45,68’6‘),72,74,77,78
Meanwhile, to the best of our knowledge, viraemia has not
been described for the endemic human coronaviruses
(229E, NL63, OC43, and HKU1).”" Occasional cases of
viraemia secondary to influenza virus infection have been
described in presymptomatic cases.'® Higher prevalence
of RNAaemia was reported in symptomatic individuals
presenting to health-care faciliies compared to
presymptomatic individuals, with the highest proportions
observed in severely ill patients.””** In adults hospitalised
with influenza A(HIN1)pdmO9 infection, the prevalence of
viraemia was 10% (14 of 139),”” with all patients with
viraemia in the study presenting with severe disease,
including six fatal cases.” In line with this observation,
RNAaemia was found in 12% (4 of 34) of unvaccinated
patients admitted to an intensive care unit (ICU) for an
influenza A(HIN1)pdmo09 infection.® RNAaemia was
detected in 56% (9 of 16)* and 83% (5 of 6)* of patients
hospitalised with highly pathogenic avian influenza (H5N1)
infection and in 86% (12 of 14)*, 43% (6 of 14)**, and
0% (0 of 12)** of patients with H7N9 infection. RNAaemia
secondary to RSV infection was common in infants, with
61% (25 of 41) of neonates with suspected RSV infection
admitted to the ICU being viraemic.* Similarly, the
prevalence of viraemia was 55% (6 of 11) in infants
hospitalised for RSV infection.”

Higher proportions of RNAemia secondary to RSV
infection were found in peripheral blood mononuclear cells
than in serum samples.** RNAemia secondary to RSV
infection was detected in adult haematopoietic cell trans-
plant recipients with lower respiratory tract disease but in
lower proportions compared to infants (30% [28 of 92] and
10% [4 of 41]*° of adults were reported viraemic). The
reported prevalence of viraemia secondary to rhinovirus
infection ranged between 7% and 15%.*>°¢¢>7>7¢51 Higher
frequencies were reported in children than in adults,
patients infected with the human rhinovirus C species

compared to those infected by other species, and patients
sampled early compared to those sampled late after the
onset of symptoms.*>*¢”* Finally, studies on respiratory tract
infections caused by human adenoviruses reported the
prevalence of DNAemia at 16-1009.3>¢7001401781% Higher
prevalence was described in patients with severe disease
than in those with mild disease and in those infected with
human adenovirus type 7 compared to other types.>

Next, a total of 133 studies that reported associations
between viraemia and any of the six variables of severity
detailed in the methods section were analysed.

The final NOS score for SARS-CoV-2 studies (n=94)
containing information on the association of viraemia
with severity classified the articles as having a moderate
risk-of-bias (n=53, 57%), low risk-of-bias (n=21, 22%), and
high risk-of-bias (n=20, 21%) (appendix p 18). The overall
risk-of-bias mainly stemmed from the absence of regression
analyses adjusted for confounding variables (figure 3).

Most studies on SARS-CoV-2 involved adult patients
(88 0f 94, figure 4). These 88 studies reported an association
of viraemia with any of the six items of severity detailed in
the methods section on 164 occasions (figure 5): 51 with

7 4,7,23,33,48,54,82,84,86,88,93,94,99,100,107,109-111,114,115,118,119,126,128,136,
[Mortality],
141,145,148,155,157,165-167,170-173,177,180,181,183,185-187,190,192,197-203 65 er-l,l [SEVeTe/
H ,33,34,41,48,54,82,84,89,91,93,99,100,107,110,111,114,115,118,122,126-128,132,134,
Critical Status],” 4

135,137,143-145,148,152,160,161,163,165,167,170-172,177,185-187,193,199-205 18 Wlﬂl [ReSpll’atO]fy

mvolvement Wl{lzl no ARDS],Z}BZ,SG,‘)&]W,I19,128,157,158,163,167,176,181,187,190,192
eight with [Extrapu]monary Comp]icat'lons]’23,33,11&119,129,131,161,187
four with [Hospital admission], #1112 and seven with [Severity
SCORESp1omsmisn (appendix pp 59-66). In contrast, these
88 studies found no association between viraemia and the six
items of severity on 11 occasions 60108126 (fioyre 5 and
appendix p 67).

Six of the 21 articles that involved paediatric patients
focused on SARS-CoV-2 (figure 4). Four of these studies
found a link between viraemia secondary to SARS-CoV-2
infection and disease severity'?'5'%'”> (appendix pp 68—69)
and two others identified a trend but not an association'?*”°
(appendix p 70). Viraemia secondary to SARS-CoV-2
infection seems to be more frequent in children with
underlying conditions than in healthy individuals.'**'”

The risk-of-bias evaluated in terms of the NOS score for
other respiratory viruses (n=39) identified most articles as
having a moderate risk-of-bias (n=21, 54%). Nevertheless, a
high percentage of articles had a high risk-of-bias (n=16,
41%), and only two articles (5%) had a low risk-of-bias
(appendix p 18). The risk-of-bias could mainly be
attributed to the absence of appropriate statistical analyses,
deficient patient follow-up, under-representation of subsets
of patients (eg, recruitment of only patients admitted to the
ICU), or missing data (figure 3).

Most studies on other respiratory viruses also involved
adult patients (24 of 39, figure 4).

These 24 studies reported an association of viraemia with
one of the six items of severity on 47 occasions (figure 5).
In the cases of SARS-CoV and MERS-CoV, the little
evidence available supported a link between viraemia and
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different variables indicating disease severity. For SARS-CoV,
we found one article indicating an association of viraemia
with [Mortality], [Severe/Critical Status], [Respiratory
involvement with no ARDS], [Extrapulmonary complica-
tions], and [Severity SCORES]*® and one showing an
association between viraemia and [Severe/Critical Status].”®
(appendix pp 71-73). For MERS-CoV, we found two
articles reporting an association of viraemia with [Severe/
Critical Status] and [Mortality],’>”® one article linking
viraemia with [Mortality] alone,*®* and one reporting an
association between viraemia and [Severity SCORES)™
(appendix pp 71-73). The absence of association with
severity was reported once for SARS-CoV?” and once for
MERS-CoV” (figure 5 and appendix p 74).

For other respiratory viruses causing annual epidemics
(adenoviruses, rhinoviruses, and RSV), the literature search
identified a few isolated articles linking viraemia with
either [Mortality],°0¢0¢776 [Severe/Critical Status],**®% or
[Respiratory involvement with no ARDS|* (figure 5 and
appendix pp 71-73). Finally, there were mixed results on
influenza, showing both the presence®s*-*% and
absence®#7¢1%52% of association with severity, although a
clear signal indicating the effect of viraemia secondary to
influenza A(HIN1)pdmo09 infection on mortality was
identified, with four articles showing such an
association**57% (figure 5 and appendix pp 71-74).

Evidence on other respiratory viruses in children (15 of 21,
figure 4) came mostly from five studies on rhinoviruses
and three on adenoviruses. Four of the five studies on
rhinovirus infection identified an association between vir-
aemia and [Respiratory involvement with no ARDS]*5¢>#
(appendix pp 68-69). Patients with pre-existing asthma
were at higher risk of developing viraemia secondary to
rhinovirus infection compared to healthy individuals.**” In
the case of adenovirus infection, the presence of viraemia
was associated with severe pneumonia.*'* In addition, one
study'® found a link between higher adenovirus viral loads
in the serum and an increased risk of ICU admission and
mortality (appendix pp 68-69).

Studies evaluating viraemia secondary to infection with
A(H1IN1)pdm09, H3N2 influenza, RSV, or enterovirus in
children did not identify any association with parameters of
severity or disease progression®"* 4% (appendix p 70).
Finally, one study by De Jong and colleagues* that included
both adult and paediatric patients with H5N1 influenza
infection reported viraemia in 82% of the fatal cases
(appendix pp 68—69).

Differences in the nature of the patients considered or in
the methods used to profile viraemia could explain the dis-
crepancy in the results on the association between viraemia
and severity. Additional specific details on the reports
evaluating the association between viraemia and disease
severity are provided in the appendix (pp 6-15).

The persistence of viraemia has been linked to poorer
patient outcomes than those observed without persistent
viraemia. The inability to clear SARS-CoV-2 viraemia has
been ObSE].’VCd ll’l non_survivorSS&107,109,114,145,148,170,173,198,203 and
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Figure 3: Summary plots of the overall risk-of-bias assessed by a modified Newcastle-Ottawa Scale of articles that

studied the association between viraemia and disease severity

Studies on (A) SARS-CoV-2 and (B) other respiratory viruses. The overall risk-of-bias was presented by item as a
percentage across all included studies. Items: Q1) Representativeness of the cohort included in the study. Q2) Viraemic
and non-viraemic patients came from the same cohort of patients. Q3) Ascertainment of viraemia. Q4) Demonstration
that the outcome of interest was not present at the start of the study. Q5) Statistical analysis adjusting for potential
confounding variables. Q6) Assessment of outcome. Q7) Follow-up long enough for outcomes to occur. Q8) Adequacy of

follow-up of cohorts.
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Figure 4: Total number of articles evaluating the association between viraemia secondary to infection with
respiratory viruses and disease severity, categorised by virus and type of patient (adults and children)

in patients with severe illness.>**161171203 In contrast, one
study found no relationship between N-antigen decline over
time and disease severity.*

In the case of other coronaviruses, we found two studies
that explored this condition in MERS-CoV infection.
Patients with sustained viraemia were more likely to require
ventilation support’ and had an increased risk of death than
in those without sustained viraemia’* In the case of
adenovirus infection, two studies associated persistent
viraemia with mortality.®”° In contrast, in the context of the
avian influenza type A H7N9 virus infection, one study
found no correlation between viraemia and the clinical
outcome over time,* although the small sample size of this
study could have precluded robust conclusions.
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Figure 5: Bubble plot assessing associations between viraemia secondary to infection with respiratory viruses and different variables of severity by virus in the adult population
ARDS=acute respiratory distress syndrome. RSV=respiratory syncytial virus.

Despite the scarce data, viraemia secondary to
SARS-CoV-2 infection was associated with post-COVID-19
condition (also known as long COVID) or post-acute
sequelae of COVID-19 (PASC) in the seven articles that
investigated this topic. SARS-CoV-2-related RNAemia at
diagnosis was correlated with an increased odds of memory
and concentration problems at 2-3 months after infection in
acohort (n=209) adjusted for age, sex, and disease severity.'®
In line with this finding, patients with viraemia at an
emergency department (n=30) had increased odds (adjusted
odds ratio 5-8, 95% CI 2-0-19-5) of disease at follow-up at a
median of 35 (range 21-79) days after the onset of symp-
toms, as compared with those of patients without RNAemia
(n=97).* Moreover, patients with RNAemia (n=25) repor-
ted significantly worse quality of life than patients without
RNAemia (n=104), at 6 months after hospital admission.’®

Signs of persistent viraemia have been reported in indi-
viduals with post-COVID-19 condition. Antigenaemia
(mainly spike antigen) was detected in 65% (24 of 37) of the
individuals with long COVID several months after the
infection but infrequently in individuals who recovered after
acute infection.?” In line with this observation, S1 anti-
genaemia was more frequent (64% vs 35%) in individuals
with PASC (n=22) than in individuals who never had PASC
(n=17), at a median of 8 (range 1-17) months after
the infection.”® Moreover, viraemia was detected in 45%
(13 of 29) of the individuals with long COVID, ata median of
55 (IQR 39-69) days after the diagnosis.?! Children with
multisystem inflammatory syndrome presented higher
concentrations of antigenaemia than children with acute
COVID-19.*

There are not enough data on the effect of viraemia on
long-term complications of acute viral respiratory tract
infections caused by other viruses.

The presence of viraemia during infections caused by
respiratory viruses has been linked to altered host respon-
ses, and we found 75 articles (of 202) reporting such an
association; most of these articles were on SARS-CoV-2
(n=57), with 18 articles reporting on other viruses.
Viraemia secondary to SARS-CoV-2 infection has been
associated with either leukocytosis®' or leukopenia.*
Nevertheless, literature clearly indicates that viraemia
secondary to SARS-CoV-2 infection is paralleled by the
presence oflymphopenia.“&s“'“"‘9"23"“9"53"55"59”72»‘36*20‘1205»2’ 2,213
With respect to other white blood cells, viraemia secondary
to SARS-CoV-2 infection has been associated with either
neutrophilia??#$172186201  or  neutropenia' or mono-
Ccytosis'**?'2 or monocytopenia.**#*#!° Again, the differences
in the sample sizes between these studies could explain the
discrepancy in their results. Lawrence Panchali and col-
leagues®* found a direct association between viraemia and
the neutrophil to lymphocyte ratio. Moreover, two articles
suggested that SARS-CoV-2 can infect leukocytes or
T lymphocytes,*™* or both.

SARS-CoV-2 viraemia is also associated with other sig-
natures that denote an altered host response, such as higher

concentrations of mediators promoting inflammation,
lnCludll’lg IL_6 33,48,86,89,93,98,107,116,128,132,137,148,157,163,171,172,202,205,212,215
)

C-reactlve protein’lt,l3,48,54,86,98,107,119,128,149’159,167,171,172’181,186,201,205,212
procalcitonin,?*9126.148205 [ .8 48693137.148202 tymour necrosis
factor alpha,4’48’89'132'190'202'212 IFN'Y,4’86'137'186 IFN(x,4’89’156’157'163'180
[FNA,*7 C-C motif chemokine 2 (CCL2),*#86:93137.202
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ferritin, 8150172 J[.7 4 115,44 JL-18,'%14¢ JL-1 receptor-
like 1,1 growth/differentiation factor 15,”>***° and sol-
uble receptor for advanced glycation end-products.*>17202:21¢
One study also found an association between viraemia and
decreased concentrations of the proinflammatory cytokines
IL-2 and IL-9.” SARS-CoV-2 viraemia was also linked to
high concentrations of the anti-inflammatory or immuno-
suppressor molecules IL-10,*132135137.148172 programmed cell
death 1 ligand 1,** IL-1 receptor antagonist protein,*#132202
and IL-4."°

The presence of SARS-CoV-2 material in the blood
correlated with high concentrations of antimicrobial or
antiviral molecules such as C-X-C motif chemokine 10
(CXCL10)*#e869337057172 - and  defensin 1.2 Viraemia
secondary to SARS-CoV-2 infection also affected the
coagulation system, as evidenced by its association with
high concentrations of D-dimers?>*&11212814159205212 oy
altered platelet counts.?***® Viraemia secondary to
SARS-CoV-2 infection correlated with signatures of endo-
thelial dysfunction denoted by high concentrations of
vascular cellular adhesion protein 1,*** intercellular adhe-
sion molecule 1,* angiopoietin-2,*****? or endothelin-1,*
and also with tissue damage, as indicated by high concen-
t]fathI’IS Of 1actate dehydrogenase23,48,54,93,11‘),128,149,159,172,183,186,205
and glutamic-pyruvate transaminase. Other biological
markers of inflammation, renal failure, and lung and
cardiac tissue injury have been found in other studies
occasionally (appendix pp 75-76).

Patients with viraemia also showed increased
amounts of proteins that facilitate SARS-CoV-2 infection”
(appendix pp 75-76). Viraemia secondary to SARS-CoV-2
infection is frequently accompanied by the presence of
low concentrations of antibodies against this virus, with
most studies focusing on antibodies against the spike
protein4,54,83,84,100,104,107,150,151,155,163,172,193 or t}le antlgen-l’eceptol’
binding domain!%46150163167.202 3 d some articles reporting
an association between viraemia and low anti-N
antibodies.>+*##391100107.141150167 Iy addition, the neutralisation
activity of anti-SARS-CoV-2 antibodies was lower in patients
with viraemia than in those without viraemia. 0150163

There is little evidence on the effect of viraemia on host
responses in the context of other respiratory viral infections.
In patients with viraemia secondary to SARS-CoV infection,
the appearance of anti-N antibodies is paralleled by the
clearance of the N protein®' and viral load from the blood.*
Furthermore, in the case of SARS-CoV, the viraemia is
associated with the presence of specific proteomic
signatures®’* (appendix pp 77-78). In MERS-CoV infection,
viraemia has been found to correlate inversely with anti-S
antibody concentrations’™ and their neutralisation activ-
ity,® although Al-Abdely and colleagues found the simul-
taneous presence of MERS-CoV RNA and neutralising
antibodies in the serum beyond 21 days after disease onset,
suggesting that antibodies might not be sufficient to clear
the virus.”

The presence of leukopenia, neutropenia, monocytopenia,
or severe thrombocytopenia represents risk factors for
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viraemia secondary to RSV infection in haematopoietic cell
transplant recipients.®® In addition, in children, peripheral
blood mononuclear cells sometimes do contain RSV anti-
gens” or RNA,» suggesting infection of circulating immune
cells by this virus. Viraemia secondary to rhinovirus infection
is associated with high concentrations of leucocytes and
C-reactive protein in children.®

In the case of influenza infection, Berdal and colleagues
found a direct correlation of viraemia with the proin-
flammatory molecules CCL2 and IL-8° and the T-cell
chemotactic molecule CXCL10.% In addition, two articles
reported that patients with viraemia secondary to influenza
infection presented lower platelet and leukocyte counts®”
and profound lymphopenia than in those without
viraemia.*® Finally, Koupenova and colleagues reported the
presence of the virus inside activated platelets.”

The presence of viraemia in adenovirus respiratory
infections has been associated with a high neutrophil to
lymphocyte ratio*® and increased concentrations of inflam-
matory biomarkers such as procalcitonin,® lactate
dehydrogenase,*® glutamic-oxaloacetic transaminase 1,*
IL-5," and decreased concentrations of IL-9." The pres-
ence of viral DNA in the blood also correlated with high
concentrations of antimicrobial and antiviral molecules
such as CXCL10.* In addition, viraemia had an effect on
the coagulation systems, with increased concentrations of
D-dimers.*

Discussion

This systematic review showed that viraemia was a common
finding for most viral respiratory tract infections in the
children and adults that were sampled herein (table). This
finding indicates that viraemia could play an important role
in the pathogenesis of disease and the complications caused
not only by SARS-CoV-2 but also other respiratory viruses.
A meta-analysis of prevalence studies on SARS-CoV-2
suggested that viraemia is significantly linked to severe
disease at the time of sampling (appendix p 16). In line with
these findings, the highest prevalence of viraemia was
found in infections caused by the most virulent viruses,
such as highly pathogenic avian influenza (H5N1 and
H7N9), MERS-CoV, SARS-CoV, and SARS-CoV-2.

The clinical relevance of viraemia was further supported
by its negative effect on the clinical presentation and prog-
nosis of adults with infections caused not only by emerging
viruses such as SARS-CoV, SARS-CoV-2, and MERS-CoV
but also by epidemic viruses such as adenoviruses, rhino-
viruses, RSV, and influenza A HIN1 (2009). Results for
other influenza viruses were inconclusive or absent.

Studies on children suggested the role of viraemia as a
marker of respiratory failure in rhinovirus and adenovirus
infections. These results support the role of viraemia in the
clinical management of patients with respiratory viral
infections. The presence of viraemia could serve as a
potential marker of severity, allowing for early allocation of
patients to the appropriate level of care (ward or ICU) and
prioritising the administration of antiviral treatments.
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Our results also suggest a potential therapeutic role of
haemofilters that can remove viral components. Nonethe-
less, given the paucity of studies on respiratory viral infec-
tions other than COVID-19, additional studies are required
to confirm the relationship between viraemia and disease
severity.

Our study showed that the long-term consequences of
respiratory viral infections with viraemia have not been
thoroughly studied. The few existing studies suggest an
association between viraemia secondary to SARS-CoV-2
infection during the acute phase of the disease and post-
COVID-19 condition.'*66% Moreover, studies indicate
thata proportion of patients with PASC orlong COVID have
persistent viraemia.?®-2" The extent to which detectable viral
RNA or antigens in the blood represent an ongoing sys-
temically disseminated infection is unclear. However, aut-
opsy studies of patients with COVID-19 showed widespread
dissemination of viable virus to extrapulmonary tissues,'”
with signs of persistent infection for several months after
acute disease in some individuals.?” A systemic seeding of
the virus during the acute phase and persistent infection
could thus be a potential explanation for post-COVID-19
condition. Several randomised, controlled studies investi-
gating the effects of antiviral treatment on patients with
PASC are registered as ongoing trials. However, more
studies are needed to understand whether a causal
relationship exists between viraemia and the long-term
consequences of respiratory viral infections.

Unfortunately, the mechanisms by which viraemia
mediates severe disease and long-term consequences are
largely unknown. The scarce evidence available in the lit-
erature suggests that viraemia is linked to the development
of dysregulated host responses such as the hyperproduction
of proinflammatory mediators (SARS-CoV-2, influenza,
adenovirus), lymphopenia (SARS-CoV-2, influenza), acti-
vation of coagulation (SARS-CoV-2, adenovirus), endothe-
lial dysfunction (SARS-CoV-2), tissue destruction
(SARS-CoV-2 and adenovirus), and defective (SARS-CoV-2,
MERS-CoV) or delayed (SARS-CoV) antibody responses. As
mentioned in the introduction, the coexistence of hyper-
inflammation, activation of coagulation, and endothelial
dysfunction in the lungs could favour viraemia, and
viraemia could in turn promote these events, thus creating a
vicious circle.

Animal models shed some light on the causes and
pathogenic role of viraemia in respiratory viral infections.
A recent study on a hamster model revealed that a delayed
engagement of host response enabled SARS-CoV-2
viraemia, consequently leading to infection of distal
organs.*® In mice, the presence of immunomimetic
SARS-CoV-2 peptides in the blood induces proin-
flammatory responses and could mediate tissue or endo-
thelial injury.?® A study on a ferret model revealed that
influenza A virus H5N1 transmitted by blood transfusion
negatively affects survival.?* Moreover, a mouse model
infected with H7N9 influenza virus displayed the induction
of multiple organ infection and injury following viraemia.?*!

Further, studies on autopsies from immunosuppressed
patients with COVID-19 suggest that these individuals died
due to pathological alterations caused by extensive viral
replication and cellular damage throughout the body
following viraemia.'*¢

Our study has some limitations. The meta-analyses of
viraemia prevalence showed high heterogeneity between
studies (appendix p 58), thereby impairing interpretation of
the synthesised prevalence. Most studies included in this
Review sampled hospitalised patients, which could repre-
sent a sampling bias and a most likely overestimation of the
real prevalence of viraemia. However, a substantial pro-
portion of viraemia was reported even in patients with mild
or moderate COVID-19. The prevalence of viraemia could
also be affected by previous exposure to the infection. A high
prevalence in infants with RSV infection could, for example,
be explained by an absence of previous exposure.”! None-
theless, the effect of pre-existing immunity on viraemia was
not evaluated in this Review. Another limitation was the
impossibility to confirm whether viraemia reflects
the presence of a living virus in the blood or not, given
the absence of robust evidence in the literature.

In conclusion, the dissemination of viral components
from the lungs to the blood (designated here as viraemia) is a
frequent event with the potential to have major pathophy-
siological and clinical consequences in SARS-CoV-2 infec-
tion in the short term and long term and most likely also in
infections caused by other respiratory viruses. Our results
warrant further studies that investigate the role of viraemia
monitoring, prevention, or removal to improve the detec-
tion, treatment, prognosis, and long-term complications of
patients with a severe infection caused by a respiratory virus.
These findings also open new avenues to investigate the role
of viraemia secondary to respiratory viral infections in the
pathogenesis of extrapulmonary diseases such as diabetes
or autoimmune diseases.
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