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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(H1N1)pdm09 (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.
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Introduction
Viraemia is a crucial andwell documented pathogenic event
in systemic infections, such as those caused by measles
virus and varicella zoster virus.1,2 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
cellsmediating the host response against these viruses. In a
host unable to control viral replication at an early stage, the
inflammatory response, activation of the coagulation system
ordirect actionof the virus, or both, coulddamage 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.3,4

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.5 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.6,7

In this systematic review, we collected and analysed the
evidence in existing literature on the prevalence of viraemia
www.thelancet.com/microbe Vol ▪ ▪ 2024
during infections caused by respiratory viruses. In this
Review, viraemiawas 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.8 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 (bloodOR plasmaOR serumOR
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
1
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2246 articles excluded
   53 abstracts only
   211 animal studies
   57 papers on cancer research
   110 case reports or series
   14 clinical trial protocols
   21 comments or editorials
   50 in-vitro studies
   8 meta-analyses
   17 methodological articles
   875 did not analyse blood, plasma, or serum
    for virus
   122 were not on a respiratory infection
   16 reported no viral infection at the time of
    sample collection
   372 were on other pathogens
   7 were other types of research
   27 were preprints
   1 retracted article
   180 reviews
   53 were on vaccines
   52 did not find a clear link between viraemia
    and respiratory infection

 2448 articles
  screened after
  removal of
  duplicates

 202 articles
  included

 2865 articles
  published until
  May 23, 2024
  in PubMed
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Figure 1: PRISMA flow diagram of the study selection

See Online for appendix
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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 transformation9 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 I2 value.10

Statistical analyseswere performedusingStata 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 byWHO11 with a
severity score ranging from6 to10; 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 thatmet 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 checklist12,13 and Newcastle–Ottawa quality
assessment Scale (NOS)14,15 (appendix pp 3–5).
For the JBI checklist, the final scores ranged between

0 and 9, classifying 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).4–6,16–192

Regarding the risk-of-bias assessed by JBI for articles on
SARS-CoV-2 included in this section, the majority of
articles (n=92,75%)werecategorisedashavinga lowrisk-of-bias,
followed by those that had a moderate risk-of-bias (n=30, 25%),
www.thelancet.com/microbe Vol ▪ ▪ 2024
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Virus Viral
component

All patients Adults Children

Patients
viraemic

Patients
sampled

Percent viraemic
(95% CI)

Number
of studies

Patients
viraemic

Patients
sampled

Percent viraemic
(95% CI)

Number
of studies

Patients
viraemic

Patients
sampled

Percent viraemic
(95% CI)

Number
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 ⋅⋅ ⋅⋅ ⋅⋅ 0 12 28 43% (25–67) 1

Seasonal influenza A/B RNA 20 212 6% (1–13) 10 16 132 10% (2–21) 5 4 80 3% (0–11) 5

Influenza A H1N1 (2009) RNA 58 373 16% (3–35) 9 57 263 17% (3–39) 8 1 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 8% (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 CoV† 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 16 720 34% (29–40) 111 6271 15 800 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% CI) 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. †Includes 229E, NL63, OC43, and HKU1.

Table: Prevalence of viraemia in acute viral respiratory tract infections

B

Q9
Q8
Q7
Q6
Q5
Q4
Q3
Q2
Q1

Other viruses

100%50% 75%25%0%

Q9
Q8
Q7
Q6
Q5
Q4
Q3
Q2
Q1

A SARS-CoV-2

High risk-of-bias Low risk-of-bias

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.

Review
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).4,48,86,107,161 The synthesised
prevalence of SARS-CoV-2 RNAaemia in the 111 included
papers was 34% (95% CI 29–40), with high heterogeneity
between studies (I2=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 RNAaemiawas 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, patientswith critical diseasehada
higherplasmaRNA load thanpatientswithmilderdisease.34

Further, antigenaemia was more common and concen-
trations of antigen were higher in the blood of patients with
severe illness compared to those with amilder course of the
disease.193 A peak concentration of RNAaemia and anti-
genaemiawas observed during the first week after the onset
of symptoms, and few positive cases were reported during
the convalescent period.133,193–196 A largemajority (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).
www.thelancet.com/microbe Vol ▪ ▪ 2024 3
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Thus, there is a scarcity of data on theprevalence 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 patientswithantigenaemiawere less frequently
vaccinated with at least two doses.176,192

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 infections.26,28,29,31,32,36–38,43,45,68,69,72,74,77,78

Meanwhile, to the best of our knowledge, viraemia has not
been described for the endemic human coronaviruses
(229E, NL63, OC43, and HKU1).71 Occasional cases of
viraemia secondary to influenza virus infection have been
described in presymptomatic cases.16 Higher prevalence
of RNAaemia was reported in symptomatic individuals
presenting to health-care facilities compared to
presymptomatic individuals, with the highest proportions
observed in severely ill patients.57,63 In adults hospitalised
with influenza A(H1N1)pdm09 infection, the prevalence of
viraemia was 10% (14 of 139),57 with all patients with
viraemia in the study presenting with severe disease,
including six fatal cases.57 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(H1N1)pdm09 infection.63 RNAaemia was
detected in 56% (9 of 16)44 and 83% (5 of 6)46 of patients
hospitalisedwith highly pathogenic avian influenza (H5N1)
infection and in 86% (12 of 14)59, 43% (6 of 14)65, and
0% (0 of 12)61 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.21 Similarly, the
prevalence of viraemia was 55% (6 of 11) in infants
hospitalised for RSV infection.21

Higher proportions of RNAemia secondary to RSV
infection were found in peripheral bloodmononuclear cells
than in serum samples.20,30 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]60 and
10% [4 of 41]50 of adults were reported viraemic). The
reported prevalence of viraemia secondary to rhinovirus
infection ranged between 7% and 15%.42,56,62,75,76,81 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.42,56,75 Finally, studies on respiratory tract
infections caused by human adenoviruses reported the
prevalence of DNAemia at 16–100%.35,66,70,80,140,178,189 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.35,66

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-biasmainly stemmed from the absence of regression
analyses adjusted for confounding variables (figure 3).
Most studies on SARS-CoV-2 involved adult patients

(88 of 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
[Mortality],4,7,23,33,48,54,82,84,86,88,93,94,99,100,107,109–111,114,115,118,119,126,128,136,
141,145,148,155,157,165–167,170–173,177,180,181,183,185–187,190,192,197–203 65 with [Severe/
Critical Status],7,33,34,41,48,54,82,84,89,91,93,99,100,107,110,111,114,115,118,122,126–128,132,134,
135,137,143–145,148,152,160,161,163,165,167,170–172,177,185–187,193,199–205 18 with [Respiratory
involvement with no ARDS],23,82,86,98,107,119,128,157,158,163,167,176,181,187,190,192

eight with [Extrapulmonary complications],23,33,116,119,129,131,161,187

four with [Hospital admission],48,91,161,192 and seven with [Severity
SCORES]23,119,138,141,183,201 (appendix pp 59–66). In contrast, these
88 studies found no association between viraemia and the six
items of severity on 11 occasions 6,65,101,105,108,113,206 (figure 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 severity123,153,164,175 (appendix pp 68–69)
and two others identified a trend but not an association124,179

(appendix p 70). Viraemia secondary to SARS-CoV-2
infection seems to be more frequent in children with
underlying conditions than in healthy individuals.124,179

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
www.thelancet.com/microbe Vol ▪ ▪ 2024
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Figure 3: Summary plots of the overall risk-of-bias assessed by amodifiedNewcastle–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.

0

Multiple viruses
Enterovirus
Adenovirus

Respiratory syncytial virus
Rhinovirus

Avian influenza type A (H7N9, H5N1)
Other influenza viruses

Influenza A H1N1 (2009)
MERS-CoV
SARS-CoV

SARS-CoV-2
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Number of articles
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Adults
Children

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)

Review
different variables indicatingdisease severity. ForSARS-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]36 and one showing an
association between viraemia and [Severe/Critical Status].28

(appendix pp 71–73). For MERS-CoV, we found two
articles reporting an association of viraemia with [Severe/
Critical Status] and [Mortality],72,78 one article linking
viraemia with [Mortality] alone,68 and one reporting an
association between viraemia and [Severity SCORES]74

(appendix pp 71–73). The absence of association with
severity was reported once for SARS-CoV207 and once for
MERS-CoV77 (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],50,60,66,70,76 [Severe/Critical Status],50,60,66 or
[Respiratory involvement with no ARDS]60 (figure 5 and
appendix pp 71–73). Finally, there were mixed results on
influenza, showing both the presence51,53,57–59,63 and
absence25,47,61,65,208 of association with severity, although a
clear signal indicating the effect of viraemia secondary to
influenza A(H1N1)pdm09 infection on mortality was
identified, with four articles showing such an
association51,53,57,58 (figure 5 and appendix pp 71–74).
Evidenceonother 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]42,56,62,81

(appendix pp 68–69). Patients with pre-existing asthma
were at higher risk of developing viraemia secondary to
rhinovirus infection compared to healthy individuals.42,75 In
the case of adenovirus infection, the presence of viraemia
was associated with severe pneumonia.35,140 In addition, one
study189 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(H1N1)pdm09, H3N2 influenza, RSV, or enterovirus in
children did not identify any association with parameters of
severity or disease progression21,24,27,30,49,64 (appendix p 70).
Finally, one study by De Jong and colleagues44 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 observed in non-survivors88,107,109,114,145,148,170,173,198,203 and
www.thelancet.com/microbe Vol ▪ ▪ 2024
in patients with severe illness.34,91,161,171,203 In contrast, one
study foundno relationship betweenN-antigen decline over
time and disease severity.41

In the case of other coronaviruses, we found two studies
that explored this condition in MERS-CoV infection.
Patients with sustained viraemiaweremore likely to require
ventilation support78 and had an increased risk of death than
in those without sustained viraemia.74 In the case of
adenovirus infection, two studies associated persistent
viraemia with mortality.66,70 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,59 although the small sample size of this
study could have precluded robust conclusions.
5
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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 correlatedwith an increased odds ofmemory
and concentrationproblemsat 2–3monthsafter infection in
a cohort (n=209) adjusted for age, sex, anddisease severity.166

In line with this finding, patients with viraemia at an
emergencydepartment (n=30)had increasedodds (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 comparedwith those of patients without RNAemia
(n=97).160 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.184

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
infectionbut infrequently in individualswho recoveredafter
acute infection.209 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.210 Moreover, viraemia was detected in 45%
(13 of 29) of the individualswith longCOVID, at amedianof
55 (IQR 39–69) days after the diagnosis.211 Children with
multisystem inflammatory syndrome presented higher
concentrations of antigenaemia than children with acute
COVID-19.104
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 leukocytosis201 or leukopenia.212

Nevertheless, literature clearly indicates that viraemia
secondary to SARS-CoV-2 infection is paralleled by the
presence of lymphopenia.48,54,86,119,128,149,153,155,159,172,186,201,205,212,213

With respect to other white blood cells, viraemia secondary
to SARS-CoV-2 infection has been associated with either
neutrophilia23,48,172,186,201 or neutropenia155 or mono-
cytosis135,212 ormonocytopenia.4,48,54,110 Again, the differences
in the sample sizes between these studies could explain the
discrepancy in their results. Lawrence Panchali and col-
leagues201 found a direct association between viraemia and
the neutrophil to lymphocyte ratio. Moreover, two articles
suggested that SARS-CoV-2 can infect leukocytes187 or
T lymphocytes,214 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,
including IL-6,33,48,86,89,93,98,107,116,128,132,137,148,157,163,171,172,202,205,212,215

C-reactive protein,4,23,48,54,86,98,107,119,128,149,159,167,171,172,181,186,201,205,212

procalcitonin,23,98,128,148,205 IL-8,4,86,93,137,148,202 tumour necrosis
factor alpha,4,48,89,132,190,202,212 IFNγ,4,86,137,186 IFNα,4,89,156,157,163,180
IFNλ,93,157 C-C motif chemokine 2 (CCL2),4,48,86,93,137,202
www.thelancet.com/microbe Vol ▪ ▪ 2024
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ferritin,48,98,159,172 IL-7,48 IL-15,4,48,93 IL-18,120,148 IL-1 receptor-
like 1,120,148 growth/differentiation factor 15,93,97,120 and sol-
uble receptor for advanced glycation end-products.93,172,202,216

One study also found an association between viraemia and
decreased concentrations of the proinflammatory cytokines
IL-2 and IL-9.190 SARS-CoV-2 viraemia was also linked to
high concentrations of the anti-inflammatory or immuno-
suppressor molecules IL-10,48,132,135,137,148,172 programmed cell
death 1 ligand 1,4,48 IL-1 receptor antagonist protein,48,86,93,132,202

and IL-4.190

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)4,48,86,93,137,157,172 and defensin 1.93,206 Viraemia
secondary to SARS-CoV-2 infection also affected the
coagulation system, as evidenced by its association with
high concentrations of D-dimers23,48,119,128,149,159,205,212 or
altered platelet counts.23,54,186 Viraemia secondary to
SARS-CoV-2 infection correlated with signatures of endo-
thelial dysfunction denoted by high concentrations of
vascular cellular adhesion protein 1,48,93 intercellular adhe-
sion molecule 1,48 angiopoietin-2,48,93,202 or endothelin-1,4

and also with tissue damage, as indicated by high concen-
trations of lactate dehydrogenase23,48,54,93,119,128,149,159,172,183,186,205

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 infection93

(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 the antigen-receptor
binding domain100,146,150,163,167,202 and some articles reporting
an association between viraemia and low anti-N
antibodies.34,54,83,91,100,107,141,150,167 In addition, the neutralisation
activity of anti-SARS-CoV-2 antibodies was lower in patients
with viraemia than in those without viraemia.4,110,150,163

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 protein31 and viral load from the blood.32

Furthermore, in the case of SARS-CoV, the viraemia is
associated with the presence of specific proteomic
signatures37,45 (appendixpp77–78). InMERS-CoV infection,
viraemia has been found to correlate inversely with anti-S
antibody concentrations74 and their neutralisation activ-
ity,69 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.78

The presence of leukopenia, neutropenia, monocytopenia,
or severe thrombocytopenia represents risk factors for
www.thelancet.com/microbe Vol ▪ ▪ 2024
viraemia secondary to RSV infection in haematopoietic cell
transplant recipients.60 In addition, in children, peripheral
blood mononuclear cells sometimes do contain RSV anti-
gens17 or RNA,20 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.62

In the case of influenza infection, Berdal and colleagues
found a direct correlation of viraemia with the proin-
flammatory molecules CCL2 and IL-855 and the T-cell
chemotactic molecule CXCL10.55 In addition, two articles
reported that patients with viraemia secondary to influenza
infection presented lower platelet and leukocyte counts57

and profound lymphopenia than in those without
viraemia.58 Finally, Koupenova and colleagues reported the
presence of the virus inside activated platelets.79

The presence of viraemia in adenovirus respiratory
infections has been associated with a high neutrophil to
lymphocyte ratio35 and increased concentrations of inflam-
matory biomarkers such as procalcitonin,35 lactate
dehydrogenase,35 glutamic-oxaloacetic transaminase 1,35

IL-5,189 and decreased concentrations of IL-9.189 The pres-
ence of viral DNA in the blood also correlated with high
concentrations of antimicrobial and antiviral molecules
such as CXCL10.189 In addition, viraemia had an effect on
the coagulation systems, with increased concentrations of
D-dimers.35

Discussion
This systematic review showed that viraemiawas 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 H1N1 (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.
7
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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.160,166,184 Moreover, studies indicate
that a proportion of patientswith PASCor longCOVIDhave
persistent viraemia.209–211 The extent towhichdetectable viral
RNA or antigens in the blood represent an ongoing sys-
temically disseminated infection is unclear. However, aut-
opsy studies of patients withCOVID-19 showedwidespread
dissemination of viable virus to extrapulmonary tissues,102

with signs of persistent infection for several months after
acute disease in some individuals.217 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.218 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.219 A study on a ferret model revealed that
influenza A virus H5N1 transmitted by blood transfusion
negatively affects survival.220 Moreover, a mouse model
infected withH7N9 influenza virus displayed the induction
ofmultiple organ infection and injury following viraemia.221
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.136

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 amost 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
alsobe affected by previous exposure to the infection.Ahigh
prevalence in infantswithRSV infection could, for example,
be explained by an absence of previous exposure.21 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 theblood (designatedhere 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 andmost 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
patientswith a severe infection causedby a respiratory virus.
Thesefindings also opennew 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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7 Ynga-Durand M, Maaß H, Milošević M, et al. SARS-CoV-2 viral load
in the pulmonary compartment of critically ill COVID-19 patients
correlates with viral serum load and fatal outcomes. Viruses 2022;
14: 1292.

8 Schober T, Wong K, DeLisle G, et al. Clinical outcomes of rapid
respiratory virus testing in emergency departments: a systematic
review and meta-analysis. JAMA Intern Med 2024; 184: 528–36.

9 Freeman MF, Tukey JW. Transformations related to the angular and
the square root. Ann Math Statist 1950; 21: 607–11.

10 Higgins JPT, Thompson SG. Quantifying heterogeneity in a
meta-analysis. Stat Med 2002; 21: 1539–58.

11 WHO Working Group on the Clinical Characterisation and
Management of COVID-19 infection. A minimal common outcome
measure set for COVID-19 clinical research. Lancet Infect Dis 2020;
20: e192–97.

12 Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological
guidance for systematic reviews of observational epidemiological
studies reporting prevalence and cumulative incidence data.
Int J Evid Based Healthc 2015; 13: 147–53.

13 The Joanna Briggs Institute Critical Appraisal tools for use in JBI
Systematic Reviews. Checklist for qualitative research. https://jbi.
global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_
for_Qualitative_Research2017_0.pdf (accessed July 10, 2024).

14 Stang A. Critical evaluation of the Newcastle-Ottawa scale for
the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 2010; 25: 603–05.

15 Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in
meta-analyses. May 3, 2021. https://www.ohri.ca/programs/clinical_
epidemiology/oxford.asp (accessed July 10, 2024).

16 Khakpour M, Saidi A, Naficy K. Proved viraemia in Asian influenza
(Hong Kong variant) during incubation period. Br Med J 1969;
4: 208–09.

17 Domurat F, Roberts NJ Jr, Walsh EE, Dagan R. Respiratory syncytial
virus infection of human mononuclear leukocytes in vitro and
in vivo. J Infect Dis 1985; 152: 895–902.

18 Mori I, Nagafuji H, Matsumoto K, Kimura Y. Use of the polymerase
chain reaction for demonstration of influenza virus dissemination in
children. Clin Infect Dis 1997; 24: 736–37.

19 Tsuruoka H, Xu H, Kuroda K, et al. Detection of influenza virus
RNA in peripheral blood mononuclear cells of influenza patients.
Jpn J Med Sci Biol 1997; 50: 27–34.

20 O’Donnell DR, McGarvey MJ, Tully JM, Balfour-Lynn IM,
Openshaw PJ. Respiratory syncytial virus RNA in cells from the
peripheral blood during acute infection. J Pediatr 1998; 133: 272–74.
www.thelancet.com/microbe Vol ▪ ▪ 2024
21 Rohwedder A, Keminer O, Forster J, Schneider K, Schneider E,
Werchau H. Detection of respiratory syncytial virus RNA in blood
of neonates by polymerase chain reaction. J Med Virol 1998;
54: 320–27.

22 Xu H, Yasui O, Tsuruoka H, et al. Isolation of type B influenza virus
from the blood of children. Clin Infect Dis 1998; 27: 654–55.

23 Xu D, Zhou F, Sun W, et al. Relationship between serum severe
acute respiratory syndrome coronavirus 2 nucleic acid and organ
damage in coronavirus 2019 patients: a cohort study. Clin Infect Dis
2021; 73: 68–75.

24 Ito Y, Ichiyama T, Kimura H, et al. Detection of influenza virus RNA
by reverse transcription-PCR and proinflammatory cytokines in
influenza-virus-associated encephalopathy. J Med Virol 1999;
58: 420–25.

25 Kaiser L, Fritz RS, Straus SE, Gubareva L, Hayden FG. Symptom
pathogenesis during acute influenza: interleukin-6 and other
cytokine responses. J Med Virol 2001; 64: 262–68.

26 Grant PR, Garson JA, Tedder RS, Chan PK, Tam JS, Sung JJ.
Detection of SARS coronavirus in plasma by real-time RT-PCR.
N Engl J Med 2003; 349: 2468–69.

27 Kawada J, Kimura H, Ito Y, et al. Systemic cytokine responses in
patients with influenza-associated encephalopathy. J Infect Dis 2003;
188: 690–98.

28 Ng EK, Hui DS, Chan KC, et al. Quantitative analysis and prognostic
implication of SARS coronavirus RNA in the plasma and serum of
patients with severe acute respiratory syndrome. Clin Chem 2003;
49: 1976–80.

29 Ng LF, Wong M, Koh S, et al. Detection of severe acute respiratory
syndrome coronavirus in blood of infected patients. J Clin Microbiol
2004; 42: 347–50.

30 Yui I, Hoshi A, Shigeta Y, Takami T, Nakayama T. Detection of
human respiratory syncytial virus sequences in peripheral blood
mononuclear cells. J Med Virol 2003; 70: 481–89.

31 Che XY, Hao W, Wang Y, et al. Nucleocapsid protein as early
diagnostic marker for SARS. Emerg Infect Dis 2004; 10: 1947–49.

32 Chen W, Xu Z, Mu J, et al. Antibody response and viraemia during
the course of severe acute respiratory syndrome (SARS)-associated
coronavirus infection. J Med Microbiol 2004; 53: 435–38.

33 Chen X, Zhao B, Qu Y, et al. Detectable serum severe acute
respiratory syndrome coronavirus 2 viral load (RNAemia) is closely
correlated with drastically elevated interleukin 6 level in critically ill
patients with coronavirus disease 2019. Clin Infect Dis 2020;
71: 1937–42.

34 Chen L, Wang G, Long X, et al. Dynamics of blood viral load is strongly
associated with clinical outcomes in coronavirus disease 2019 (COVID-19)
patients: a prospective cohort study. J Mol Diagn 2021; 23: 10–18.

35 Chen Q, Liu J, Liang W, et al. Clinical features, replication
competence, and innate immune responses of human adenovirus
type 7 infection. J Infect Dis 2021; 223: 1390–99.

36 Hung IF, Cheng VC, Wu AK, et al. Viral loads in clinical specimens
and SARS manifestations. Emerg Infect Dis 2004; 10: 1550–57.

37 Poon TC, Chan KC, Ng PC, et al. Serial analysis of plasma proteomic
signatures in pediatric patients with severe acute respiratory
syndrome and correlation with viral load. Clin Chem 2004;
50: 1452–55.

38 Wang WK, Fang CT, Chen HL, et al. Detection of severe acute
respiratory syndrome coronavirus RNA in plasma during the course
of infection. J Clin Microbiol 2005; 43: 962–65.

39 Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in different
types of clinical specimens. JAMA 2020; 323: 1843–44.

40 Wang Y, Zhang L, Sang L, et al. Kinetics of viral load and antibody
response in relation to COVID-19 severity. J Clin Invest 2020;
130: 5235–44.

41 Wang H, Hogan CA, Verghese M, et al. SARS-CoV-2 nucleocapsid
plasma antigen for diagnosis and monitoring of COVID-19.
Clin Chem 2021; 68: 204–13.

42 Xatzipsalti M, Kyrana S, Tsolia M, et al. Rhinovirus viremia in
children with respiratory infections. Am J Respir Crit Care Med 2005;
172: 1037–40.

43 Yeh KM, Chiueh TS, Siu LK, et al. Experience of using convalescent
plasma for severe acute respiratory syndrome among healthcare
workers in a Taiwan hospital. J Antimicrob Chemother 2005;
56: 919–22.
9

https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Qualitative_Research2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Qualitative_Research2017_0.pdf
https://jbi.global/sites/default/files/2019-05/JBI_Critical_Appraisal-Checklist_for_Qualitative_Research2017_0.pdf
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
www.thelancet.com/microbe


Review

10
44 de Jong MD, Simmons CP, Thanh TT, et al. Fatal outcome of human
influenza A (H5N1) is associated with high viral load and
hypercytokinemia. Nat Med 2006; 12: 1203–07.

45 Pang RT, Poon TC, Chan KC, et al. Serum proteomic fingerprints of
adult patients with severe acute respiratory syndrome. Clin Chem
2006; 52: 421–29.

46 Buchy P, Mardy S, Vong S, et al. Influenza A/H5N1 virus infection
in humans in Cambodia. J Clin Virol 2007; 39: 164–68.

47 Bermejo-Martin JF, Ortiz de Lejarazu R, Pumarola T, et al. Th1 and
Th17 hypercytokinemia as early host response signature in severe
pandemic influenza. Crit Care 2009; 13: R201.

48 Bermejo-Martin JF, González-Rivera M, Almansa R, et al. Viral RNA
load in plasma is associated with critical illness and a dysregulated
host response in COVID-19. Crit Care 2020; 24: 691.

49 Arankalle VA, Lole KS, Arya RP, et al. Role of host immune response
and viral load in the differential outcome of pandemic H1N1 (2009)
influenza virus infection in Indian patients. PLoS One 2010;
5: e13099.

50 Campbell AP, Chien JW, Kuypers J, et al. Respiratory virus
pneumonia after hematopoietic cell transplantation (HCT):
associations between viral load in bronchoalveolar lavage samples,
viral RNA detection in serum samples, and clinical outcomes of
HCT. J Infect Dis 2010; 201: 1404–13.

51 To KK, Hung IF, Li IW, et al. Delayed clearance of viral load and
marked cytokine activation in severe cases of pandemic H1N1
2009 influenza virus infection. Clin Infect Dis 2010; 50: 850–59.

52 To KK, Chan KH, Li IW, et al. Viral load in patients infected
with pandemic H1N1 2009 influenza A virus. J Med Virol 2010;
82: 1–7.

53 Almansa R, Anton A, Ramirez P, et al. Direct association between
pharyngeal viral secretion and host cytokine response in severe
pandemic influenza. BMC Infect Dis 2011; 11: 232.

54 Almansa R, Eiros JM, de Gonzalo-Calvo D, et al. N-antigenemia
detection by a rapid lateral flow test predicts 90-day mortality in
COVID-19: a prospective cohort study. Clin Microbiol Infect 2022;
28: 1391.e1–5.

55 Berdal J-E, Mollnes TE, Wæhre T, et al. Excessive innate immune
response and mutant D222G/N in severe A (H1N1) pandemic
influenza. J Infect 2011; 63: 308–16.

56 Fuji N, Suzuki A, Lupisan S, et al. Detection of human rhinovirus
C viral genome in blood among children with severe respiratory
infections in the Philippines. PLoS One 2011; 6: e27247.

57 Tse H, To KK, Wen X, et al. Clinical and virological factors associated
with viremia in pandemic influenza A/H1N1/2009 virus infection.
PLoS One 2011; 6: e22534.

58 Choi S-M, Xie H, Campbell AP, et al. Influenza viral RNA detection
in blood as a marker to predict disease severity in hematopoietic cell
transplant recipients. J Infect Dis 2012; 206: 1872–77.

59 Hu Y, Lu S, Song Z, et al. Association between adverse clinical
outcome in human disease caused by novel influenza A H7N9 virus
and sustained viral shedding and emergence of antiviral resistance.
Lancet 2013; 381: 2273–79.

60 Waghmare A, Campbell AP, Xie H, et al. Respiratory syncytial virus
lower respiratory disease in hematopoietic cell transplant recipients:
viral RNA detection in blood, antiviral treatment, and clinical
outcomes. Clin Infect Dis 2013; 57: 1731–41.

61 Yu L, Wang Z, Chen Y, et al. Clinical, virological, and
histopathological manifestations of fatal human infections by avian
influenza A(H7N9) virus. Clin Infect Dis 2013; 57: 1449–57.

62 Esposito S, Daleno C, Scala A, et al. Impact of rhinovirus
nasopharyngeal viral load and viremia on severity of respiratory
infections in children. Eur J Clin Microbiol Infect Dis 2014;
33: 41–48.

63 Guihot A, Luyt C-E, Parrot A, et al. Low titers of serum antibodies
inhibiting hemagglutination predict fatal fulminant influenza
A(H1N1) 2009 infection. Am J Respir Crit Care Med 2014;
189: 1240–49.

64 Imamura T, Suzuki A, Lupisan S, et al. Detection of enterovirus
68 in serum from pediatric patients with pneumonia and their
clinical outcomes. Influenza Other Respir Viruses 2014; 8: 21–24.

65 Shen Z, Chen Z, Li X, et al. Host immunological response and
factors associated with clinical outcome in patients with the novel
influenza A H7N9 infection. Clin Microbiol Infect 2014;
20: O493–500.
66 Sun B, He H, Wang Z, et al. Emergent severe acute respiratory
distress syndrome caused by adenovirus type 55 in
immunocompetent adults in 2013: a prospective observational study.
Crit Care 2014; 18: 456.

67 Wootton SH, Aguilera EA, Wanger A, et al. Detection of NH1N1
influenza virus in nonrespiratory sites among children.
Pediatr Infect Dis J 2014; 33: 95–96.

68 Shalhoub S, Farahat F, Al-Jiffri A, et al. IFN-α2a or IFN-β1a in
combination with ribavirin to treat Middle East respiratory syndrome
coronavirus pneumonia: a retrospective study.
J Antimicrob Chemother 2015; 70: 2129–32.

69 Corman VM, Albarrak AM, Omrani AS, et al. Viral shedding
and antibody response in 37 patients with Middle East respiratory
syndrome coronavirus infection. Clin Infect Dis 2016; 62: 477–83.

70 Gu L, Qu J, Sun B, Yu X, Li H, Cao B. Sustained viremia and high
viral load in respiratory tract secretions are predictors for death in
immunocompetent adults with adenovirus pneumonia. PLoS One
2016; 11: e0160777.
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