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ABSTRACT The respiratory syncytial virus (RSV) represents the leading cause of viral
lower respiratory tract infections (LRTI) in children worldwide and is associated with
significant morbidity and mortality rates. The clinical picture of an RSV infection dif-
fers substantially between patients, and the role of viral co-infections is poorly inves-
tigated. During two consecutive winter seasons from October 2018 until February
2020, we prospectively included children up to 2 years old presenting with an acute
LRTI, both ambulatory and hospitalized. We collected clinical data and tested naso-
pharyngeal secretions for a panel of 16 different respiratory viruses with multiplex
RT-qPCR. Disease severity was assessed with traditional clinical parameters and scor-
ing systems. A total of 120 patients were included, of which 91.7% were RSV posi-
tive; 42.5% of RSV-positive patients had a co-infection with at least one other respi-
ratory virus. We found that patients suffering from a single RSV infection had higher
pediatric intensive care unit (PICU) admission rates (OR = 5.9, 95% CI = 1.53 to
22.74), longer duration of hospitalization (IRR = 1.25, 95% CI = 1.03 to 1.52), and a
higher Bronchiolitis Risk of Admission Score (BRAS) (IRR = 1.31, 95% CI = 1.02 to
1.70) compared to patients with RSV co-infections. No significant difference was
found in saturation on admission, O2 need, or ReSViNET-score. In our cohort, patients
with a single RSV infection had increased disease severity compared to patients with
RSV co-infections. This suggests that the presence of viral co-infections might influ-
ence the course of RSV bronchiolitis, but heterogeneity and small sample size in our
study prevents us from drawing strong conclusions.

IMPORTANCE RSV is worldwide the leading cause of serious airway infections. Up to
90% of children will be infected by the age of 2. RSV symptoms are mostly mild and
typically mimic a common cold in older children and adolescents, but younger children
can develop severe lower respiratory tract disease, and currently it is unclear why certain
children develop severe disease while others do not. In this study, we found that chil-
dren with a single RSV infection had a higher disease severity compared to patients
with viral co-infections, suggesting that the presence of a viral co-infection could influ-
ence the course of an RSV bronchiolitis. As preventive and therapeutic options for RSV-
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associated disease are currently limited, this finding could potentially guide physicians to
decide which patients might benefit from current or future treatment options early in
the course of disease, and therefore, warrants further investigation.

KEYWORDS RSV, co-infection, risk factors, severity assessment, infectious disease,
pediatric infectious disease, respiratory syncytial virus

Respiratory syncytial virus (RSV), recently reclassified to the species Human Ortho-
pneumovirus (hOPV), is the leading viral cause of acute lower respiratory tract infec-

tions (LRTI) in young children worldwide (1). Up to 90% of children are infected with
RSV at least once in the first 2 years of life. Clinical manifestations of RSV disease are
usually mild in older children and adults, but primary infections are rarely asymptom-
atic, and severe LRTI such as bronchiolitis and pneumonia occur in up to 40% of
infected children (2). It is estimated that, globally, RSV-LRTI are responsible for 3.2 mil-
lion hospitalizations and 59,600 in-hospital deaths each year in children below 5 years
of age alone (3). Despite the high medical, societal, and economic burden, both inside
and outside hospital settings, treatment options for RSV remain elusive. Neither a safe
and effective vaccine, nor antivirals, are currently available to control RSV infections,
except for the monoclonal antibody palivizumab (Synagis), which is reserved exclu-
sively for high-risk infants, such as premature infants, or children with cardiopulmonary
disease, mainly because of the high cost and need for monthly injections (4).

Currently, it is unclear why some RSV-infected children become severely ill, while others
have only mild symptoms. This divergent disease severity can be explained at least partially
by the complex and multifactorial pathogenesis of the virus, in which direct virus-induced
cytotoxicity, virus-induced immunopathology, host genetic constitution, and environmental
factors each play a crucial role (5). Although historically, research focused primarily on host
immune responses as an explanation for the wide array of clinical manifestations, it is now
becoming increasingly evident that viral characteristics might also be implicated (6, 7).
Previous research in our own group therefore focused on several of these virus-related fac-
tors and further added to this presumption (8).

The role of interactions between RSV and secondary pathogens in disease severity,
however, remains questionable. Bacterial superinfections during an RSV bronchiolitis
have already been established as a risk factor for a more severe clinical picture (9, 10).
In the last years, viral co-infections have gained more attention as well, partly due to
the increased and more widespread use of molecular methods such as multiple-agent
polymerase chain reactions (PCR’s) (11). Rates of viral co-infection in RSV bronchiolitis
range from 5% to 35% (12–14), and Rhinovirus (RV) is the most commonly detected
agent (15–17). A recent systematic review regarding the severity of RSV single versus
multiple viral co-infections could not find an association between the presence of RSV
co-infections and disease severity, except for RSV-human metapneumovirus (hMPV)
co-infections, but this study lacked sufficient power to reach firm conclusions (18).

Therefore, our study will investigate the impact of viral co-infections on several dis-
ease severity indices, such as the need for intensive care, supplementary oxygen, the
length of hospital stay, and bronchiolitis severity scores, in patients suffering from RSV
positive LRTI in the winter seasons of 2018 to 2020 at a tertiary hospital.

RESULTS
Demographic and clinical characteristics of patients. During the study period

between 2018 and 2020, 120 patients aged 28 days up to 2 years old presenting with
clinical signs of an acute lower respiratory tract infection at the Antwerp University
Hospital were enrolled in the study (Fig. 1). Of the 120 included patients, 110 had a
positive PCR test for RSV (91.7%). General and clinical characteristics of these RSV posi-
tive patients are summarized in Table 1. The median age of RSV positive patients in
our study was 5.0 months old (2 to 9.9) and there was a slight male predominance
(62%). Most of the included patients were admitted to the general pediatric ward
(74%), with a median length of stay of 4 (2 to 6) days, 18.2% necessitated ICU admission

Role of Viral Co-Infections in Pediatric RSV Infection Microbiology Spectrum

May/June 2023 Volume 11 Issue 3 10.1128/spectrum.04368-22 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

06
 N

ov
em

be
r 

20
23

 b
y 

80
.2

00
.1

48
.3

.

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04368-22


and 8.2% were ambulatory patients. More than half of the hospitalized patients needed
supplementary oxygen administration, with a median duration of oxygen requirement
of 3 (1.5 to 5) days.

In total, 41 patients had an RSV-A infection, 68 patients had an RSV-B infection, and
one patient had a dual infection with RSV-A and B. Comparison between patients of
these two subtypes showed no remarkable differences, except for a statistically signifi-
cant higher FiO2 in the RSV-A group (Table 1).

A multiplex RT-qPCR showed that in 42.7% of the samples (47/110), multiple viral
agents were present. Of these, 29, nine, five, and three samples had co-infections with,
respectively, two, three, four, or five different viruses. One sample tested negative for all
viruses that are screened for with the multiplex RT-qPCR respiratory panel. The most preva-
lent species, besides RSV, were HAdV (21.8%), HRV (20.0%), HPeV (6.4%), HPIV (6.4%), HBoV
(4.5%), HCoV (4.5%), and HEV (2.7%) (Fig. 2).

Impact of viral co-infections. Table 2 depicts the comparison of general character-
istics, clinical parameters and severity surrogates between patients suffering from RSV
single infections and patients with RSV co-infections. Looking at severity indices, we
observed a significantly higher number of pediatric intensive care unit (PICU) admis-
sions (P = 0.01), longer LOS (P = 0.02), and a higher disease severity score on the
Bronchiolitis Risk of Admission Score (BRAS) (P = 0.01) in children with a single RSV
infection. Furthermore, RSV co-infections were more prevalent in boys (P = 0.01) and
patients in this group were on average older than patients in the single infection group
(P = 0.03). Moreover, daycare attendance (P , 0.001), parental atopy (P = 0.02), and pa-
rental smoking (P = 0.04) were also more common in the co-infection group. Clinical
parameters didn’t differ significantly between the two groups.

We compared RSV single infections (n = 63) with the two most prevalent dual infec-
tions, RSV-ADV co-infection (n = 13) and RSV-RV co-infection (n = 10), because all other
dual co-infections were low in frequency (n , 3). The single RSV infections were associ-
ated with higher BRAS scores, compared to RSV-ADV and RSV-RV co-infection (P =
0.047 and 0.03, respectively), but there were no other statistically significant differen-
ces in severity indices.

As young age, male sex, and prematurity are all known risk factors for serious RSV dis-
ease, and thus potential confounders, a logistic regression was performed to ascertain the

FIG 1 Patient inclusion flow chart.
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effects of these risk factors on the likelihood of PICU admission. This analysis showed that
patients with a single RSV infection had a 5.9 times higher risk of PICU admission and none
of the other variables were of significance (Table 3). Likewise, a Poisson regression was run
to evaluate the influence of these risk factors on the duration of hospitalization (Table 4)
and the BRAS score (Table 5) and showed that patients with a single RSV infection had a
25% longer length of hospital stay and 31% higher BRAS-score. An interaction term con-
sisting of the variables “age” and “single versus co-infections” was tested, but was statisti-
cally nonsignificant in all three regression analyses and was, therefore, removed out of the
regression equations. Although not statistically significant, the number of premature
infants was higher in the single infection group. Prematurity was therefore included as
covariate and showed to be of significant influence on the length of hospital stay only. An
interaction term was subsequently tested, but was nonsignificant and thus removed out of
the analysis.

Although both tested clinical scoring systems showed the same effect, with higher
scores in the single RSV infection group, this difference was only statistically significant for
the BRAS score. As age is a criterion in the BRAS score and not in the ReSViNET score, this
might have played a role. We have therefore re-analyzed the BRAS score, without age as
criterion and this showed that the BRAS score still differed significantly between the two
groups, with a median score of 3 (IQR 2 to 3) in the single infection group and 2 (IQR 1 to
3) in the co-infections group (P = 0.017).

TABLE 1 Patient characteristics

Study population

RSV RSV-A RSV-B

N (%) N (%) N (%)
n 110 n 41a n 68a P

General characteristicsc

Male sex (n, %) 68 110 (61.8) 22 41 (53.7) 46 68 (67.6) 0.16
Prematurity (n, %) 11 110 (10) 3 41 (7.3) 8 68 (11.8) 0.53
Small for gestational age (n, %) 10 109b (9) 2 41 (4.8) 7 67b (10.4) 0.48
Daycare attendance (n, %) 56 105b (53.3) 20 38b (52.6) 36 66b (54.5) 1
Breast feeding (n, %) 65 110 (59) 23 41 (56) 42 68 (61.8) 0.69
Parental atopy (n, %) 18 105b (17.1) 4 39b (10.3) 14 65b (21.5) 0.18
Parental smoking (n, %) 29 103b (28.2) 8 38b (21.0) 20 64b (31.3) 0.36
Age (mo; median, Q1 to Q3) 5.0 2 to 9.9 5.1 1.8 to 10.5 5.0 2.3 to 10.1 0.62

Clinical parameters
Dyspnea (n, %) 82 110 (74.5) 27 41 (65.9) 54 68 (79.4) 0.17
Anorexia (n, %) 89 110 (80.9) 33 41 (80.5) 55 68 (80.9) 0.96
Fever (n, %) 90 110 (81.8) 34 41 (82.9) 55 68 (80.9) 0.79
Cyanosis (n, %) 5 110 (4.5) 0 41 (0.0) 5 68 (7.4) 0.16
Tachypnea on admission (n, %) 73 110 (66.4) 22 41 (53.7) 48 68 (70.6) 0.07
Tachycardia on admission (n, %) 33 110 (30) 10 41 (24.4) 23 68 (33.8) 0.34

Primary outcome measurese

PICU admission (n, %) 20 110 (18.2) 11 41 (26.8) 9 68 (13.2) 0.12
Duration of hospitalization (days; median, Q1 to Q3) 4 2 to 6 4 2 to 7 4 2 to 5 0.56
Desaturation on admission (n,%) 25 110 (22.7) 7 41 (17.1) 18 68 (26.5) 0.26
Oxygen administration (n,%) 65 110 (59.1) 21 41 (51.2) 44 68 (64.7) 0.23
BRAS (median, Q1 to Q3) 2 2 to 3 2 2 to 3 3 2 to 4 0.09

Secondary outcome measures
Duration of O2 administration (days, median, Q1 to Q3) 3 1.5 to 5 3 1.5 to 5 2.25 1.1 to 5 0.89
Maximum O2 flow (l/min, median, Q1 to Q3) 8 1 to 13.5 10 1 to 14.5 1.25 1 to 12 0.13
Maximum FiO2 (%; median, Q1 to Q3) 26 24 to 40 38 24 to 55 24 24 to 30 0.02d

Intubation (n, %) 3 110 (2.7) 0 41 (0.0) 3 68 (4.4) 0.29
ReSViNET score (median, Q1 to Q3) 8 5 to 11.25 7 3 to 11 9 6 to 12 0.12

aOne patient tested positive for both RSV-A and RSV-B.
bData is lacking for some patients.
cStatistical analysis was performed using Pearson's chi-squared, Fisher’s exact, or Mann-Whitney-U test, as appropriate.
dSignificant P-values in bold.
ePICU, pediatric intensive care unit; BRAS, Bronchiolitis Risk of Admission Score; FiO2, fraction of inspired oxygen.
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DISCUSSION

RSV is a major cause of hospitalization, especially in young children, and is therefore
considered to be a global health priority. RSV is responsible for a broad spectrum of
clinical manifestations and it is still not completely understood why some children
become severely ill, while others display only mild symptoms. As the role of viral co-
infections in RSV pathogenesis is still largely unknown, we wanted to evaluate the
effect of viral co-infections on disease severity in a series of patients with an RSV posi-
tive lower respiratory tract infection. Our findings suggest that young children suffer-
ing from a single RSV infection have a higher risk of PICU admission, longer length of
hospital stay, and are also more severely ill, as quantified by the BRAS score, compared
to patients suffering from an RSV co-infection. Even more surprising, there were signifi-
cantly less males, children attending daycare, and children of atopic and/or smoking
parents, which are all known risk factors for severe RSV disease, in this single RSV infec-
tion group with overall higher RSV disease severity.

Children in this single infection group were significantly younger compared to
patients suffering from an RSV co-infection. As age could be of potential influence,
regression analysis was run to assess the contribution of different known risk factors to
the possibility of PICU admission, the length of hospital stay, and the BRAS score. This
analysis showed that, although age was of significant influence on the length of hospi-
tal admission and the BRAS score, this was not the case for the probability of PICU
admission. Furthermore, the interaction term did not contribute in a meaningful way
to the predictive ability of the regression equations, suggesting that age did not affect
the influence the presence or absence of a co-infection has on the disease severity in
RSV infected patients.

Literature about the impact of RSV co-infections on disease severity is increasing
due to the widespread availability of PCR assays that detect multiple pathogens, but
this topic remains controversial. Li et al. recently published a systematic review and
came to the conclusion that there is no association between co-infections with RSV
and disease severity, except for RSV-hMPV co-infections, which were associated with
higher risk of PICU admission (18). In this study, however, we did observe a significantly
lower disease severity in RSV co-infections.

Why single RSV infections in our study result in more severe disease compared to co-
infections is not entirely clear. First, when multiple viruses are detected by molecular
tests, the question arises whether all detected viruses are indeed causative for the clinical
picture, or whether they are simple innocent bystanders. They could also represent suc-
cessive infections, of whom a persistent genome is detected in the absence of viral repli-
cation (19). However, although viral respiratory infection can present asymptomatically

FIG 2 Distribution of etiologic agents in RSV positive samples collected in winter seasons of 2018 to
2019 and 2019 to 2020 (N = 110).
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and hCoV and hBoV are indeed frequently detected in healthy controls, RSV and hMPV
rarely do. Furthermore, as we do not ask the patients for blood samples, we have no se-
rology data for these patients and we cannot distinguish between primary or secondary
RSV infections. However, upon inclusion, every parent was asked whether this is the first
RSV infection, and this was the case for all patients. Although this does not exclude that
some children might have had an earlier RSV infection that was not diagnosed as such,
given that there was only 2,5 months median difference between both groups, we do
not expect major differences for possible previous RSV infections between the two
groups. Another possibility is that a prior or simultaneous infection with another virus
stimulates the host’s antiviral immune response which reduces the capacity of RSV to
replicate to high levels, thereby reducing RSV’s capacity to induce disease (20, 21).
Moreover, other researchers have postulated that in co-infections with RSV, the severity

TABLE 2 RSV single versus co-infections

Population

Single RSV infection RSV co-infection

N (%) N (%)
n 63 n 47 P

General characteristicsb

Male sex (n, %) 32 63 (50.8) 36 47 (76.6) 0.01c

Prematurity (n, %) 8 63 (12.7) 3 47 (6.4) 0.35
Small for gestational age (n, %) 6 62a (9.7) 4 47 (8.5) 1
Daycare attendance (n, %) 24 62a (38.7) 32 43a (74.4) <0.001
Breast feeding (n, %) 40 63 (63.5) 25 47 (53.2) 0.28
Parental atopy (n, %) 6 61a (9.8) 12 44a (27.3) 0.02
Parental smoking (n, %) 12 59a (20.3) 17 44a (38.6) 0.04
Age 3.3 1.6-8.8 5.8 3.9 to 11.2 0.03

Clinical parameters
Dyspnea (n, %) 43 63 (68.3) 39 47 (83) 0.08
Anorexia (n, %) 51 63 (81) 38 47 (80.9) 0.99
Fever (n, %) 50 63 (79.4) 40 47 (85.1) 0.44
Cyanosis (n, %) 3 63 (4.8) 2 47 (4.3) 1
Tachypnea on admission (n, %) 42 63 (66.7) 28 47 (59.6) 0.44
Tachycardia on admission (n, %) 20 63 (32.3) 13 47 (27.7) 0.61

Primary outcome measuresd

PICU admission (n, %) 17 63 (27) 3 47 (6.4) 0.01
Duration of hospitalization (days, median, Q1 to Q3) 4 3 to 7 3 2 to 5 0.02
Desaturation on admission (n, %) 17 63 (27) 8 47 (17) 0.22
O2 administration (n, %) 41 63 (65.1) 24 47 (51.1) 0.14
BRAS (median, Q1 to Q3) 3 2 to 4 2 1 to 3 0.01

Secondary outcome measures
Duration of O2 administration (days; median, Q1 to Q3) 3 1.5 to 5 2 1 to 4.875 0.49
Maximum O2 flow (l/min; median, Q1 to Q3) 8 1 to 12.5 1.5 1 to 14 0.73
Maximum FiO2 (%, median Q1 to Q3) 28 24 to 47 24 24 to 30 0.16
Intubation (n, %) 3 63 (4.8) 0 47 (0) 0.26
ReSVinet score (median, Q1 to Q3) 9 5 to 12 8 5 to 11 0.43

aData are lacking for some patients.
bStatistical analysis was performed using Pearson's chi-squared, Fisher’s exact, or Mann-Whitney-U test, as appropriate.
cSignificant P-values in bold.
dPICU, pediatric intensive care unit; BRAS, Bronchiolitis Risk of Admission Score; FiO2, fraction of inspired oxygen; .

TABLE 3 Logistic regression with PICU admission as response variablea

Variable B SE Wald df Sig. Exp(B)
Lower
95% CI

Upper
95% CI

Single vs co-infection 1.775 .688 6.657 1 .010 5.903 1.532 22.742
Male sex .586 .557 1.106 1 .293 1.797 .603 5.357
Prematurity,37 weeks .277 .773 .129 1 .720 1.319 .290 5.999
Age (months) 2.055 .053 1.059 1 .303 .947 .853 1.051
Constant 22.822 .825 11.689 1 ,.001 .059
aSignificant P-values in bold.
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is mainly determined by the RSV infection rather than by the coinfecting virus (14). A hy-
pothesis as to why single infections are associated with more severe disease is that the
skewed immune response that RSV, unlike other respiratory viruses, induces, is pre-
vented by co-infection with another virus. Nicholson et al. indeed described that the clin-
ical picture of bronchiolitis is determined by a virus-specific response, rather than a gen-
eralized inflammatory response to all viral pathogens (22). Therefore, RSV-specific
immune response and immunopathology could be counteracted and even neutralized in
case of a simultaneous infection with multiple viruses. Serum levels of TIMP-1 and PDGF-
BB have been implicated in this hypothesis (23). Interestingly, in a recent Spanish paper,
patients with RV/EV1 multiple viral codetections in whom RSV was also detected showed
a different clinical picture in comparison to patients with a dual RV/EV 1 RSV codetection,
having a significantly shorter PICU stay and lower need for mechanical ventilation (24).
They hypothesized that different patterns of viral infection (single infection versus dual or
multiple co-infections) may lead to different changes in respiratory microbial communities
and different grades of airway inflammation (23). It has also been suggested that changes
induced by RSV in nasopharyngeal bacterial microbiome could cause a more severe LRTI,
by modulating the host immune response (25). Therefore, one could hypothesize that the
difference in disease severity observed between single and co-infections in our study could
at least partially be explained by a respiratory microbiota imbalance.

The finding that children with co-infections are older compared to children with a single
RSV infection is not completely surprising and was also reported by Rotzén-Östlund et al.
(26). The main hypothesis for this is that this might be due to more frequent contact with
other children in various settings, including the parent's social activities and daycare attend-
ance, which tends to start after the age of 3 months (26). Our findings indeed show that
almost 75% of patients in the co-infections group attended daycare.

In our study, we found that parents of children with RSV co-infections were more
atopic and there was also significantly more exposure to smoking in these patients.
Other authors also investigated the relation of RSV co-infections with a family history
of atopy or smoke exposure, but were unable to demonstrate a significant difference
between RSV single and co-infections (15, 16, 27, 28). One study, however, recently
demonstrated a higher risk of sensitization to aeroallergens at 3 years after the initial
bronchiolitis in case of RSV-RV co-infection (29).

We were unable to identify a specific difference in clinical presentation between
RSV single and co-infections, which is in accordance with other authors (27, 30, 31).
Fever has been reported to be more frequent (32) and higher in peak temperature (33)
in those with RSV co-infection, while we, just as Sung et al. (in RSV-hMPV co-infections)
(34), did not notice such a difference.

TABLE 4 Poisson regression with length of hospital stay as response variablea

Parameter B SE Wald df Sig. Exp(B) Lower CI Upper CI
(Intercept) 2.053 0.1403 214.081 1 0.000 7.792 5.918 10.258
Single vs co-infection 0.223 0.0971 5.285 1 0.022 1.250 1.033 1.512
Age (mo) 20.027 0.0089 9.305 1 0.002 0.973 0.956 0.990
Male sex 0.114 0.0961 1.414 1 0.234 1.121 0.929 1.353
Prematurity,37 wks 0.500 0.1208 17.105 1 ,0.001 1.648 1.301 2.089
aSignificant P-values in bold.

TABLE 5 Poisson regression with BRAS score as response variablea

Parameter B SE Wald df Sig. Exp(B) Lower CI Upper CI
(Intercept) 0.784 0.2344 40.743 1 ,0.001 2.190 1.383 3.466
Single vs co-infection 0.273 0.1309 4.336 1 0.037 1.313 1.016 1.697
Age (mo) 20.033 0.0121 7.568 1 0.006 0.967 0.945 0.990
Male sex 20.028 0.1257 0.049 1 0.824 0.972 0.760 1.244
Prematurity,37 wks 20.220 0.2116 1.076 1 0.299 0.803 0.530 1.216
aSignificant P-values in bold.
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No difference was seen in any of the severity surrogates between RSV-A and RSV-B posi-
tive patients, with the only exception of a higher maximal FiO2. An increased disease severity
has previously been allocated to RSV-A (35–37) or RSV-B (38, 39) disease. Our data, however,
indicate that the RSV type had no relation to RSV severity, and as such, agrees with many
other authors (40, 41). Controversy on this topic can be at least partially explained by hetero-
geneity in study design, such as differences in outcome parameters, study populations, and
duration of symptoms at the time of study enrollment and sampling (40).

The world is currently still fighting the COVID-19 pandemic. Few epidemiological stud-
ies have been published so far describing co-infections with RSV in children with docu-
mented COVID-19 infection (42–44). This paucity of literature regarding RSV co-infections
in children with COVID-19 can be at least partially explained by the initial worldwide dra-
matic decline in RSV incidence (45). The incidence of viral co-infections in pediatric COVID-
19 patients ranged from 5% to 7% (42, 43, 46). A recent systematic review investigating
the role of respiratory co-infection with influenza or RSV in the clinical severity of COVID-19
patients could not find a correlation between RSV-COVID-19-co-infections and death
among COVID-19 patients, the only outcome for which they had sufficient data to allow
for analysis (47). Likewise, a South African COVID-19 study could not demonstrate a clear
difference in disease severity between single and co-infections (44). With the resurgence of
RSV epidemics, whether co-infection of SARS-CoV-2 with other viruses such as RSV aggra-
vates bronchiolitis severity will be a most interesting study topic in the forthcoming RSV
endemic seasons.

Our study has a few limitations. The main limitation is the small sample size, espe-
cially of certain subgroups. For example, the assessment of patient care as outcome
measure is complicated by the small number of outpatients that have been included.
On the other hand, as the decision to admit a young patient to the hospital is mainly
based on the sometimes subjective evaluation of the primary physician, this could
form a bias and might render type of patient care less suitable as severity index.
Additionally, although patients were included prospectively and samples were taken
as early as possible, the evaluation of the patient files was done retrospectively, thus
sometimes resulting in gaps in our data collection or misinterpretation of the physi-
cian’s evaluations. Lastly, the lack of a sufficiently validated gold standard scoring sys-
tem for disease severity in patients suffering from bronchiolitis complicates adequate
assessment and comparison of patients. Numerous clinical scoring systems for the
assessment of bronchiolitis are currently available and extensive work has been taken
to assess the characteristics and validation process of these instruments. The ReSVinet
group published their scoring system in 2016, thereby contributing to the field with a
better validated tool, as was demonstrated by their elaborate comparison (48–50).
Although data assessing the reliability are still lacking, the ReSVinet score had by far
the highest number of positively rated validation criteria (49, 50). After a thorough liter-
ature review, we therefore chose to use the ReSVinet score for this research and com-
pared it with the BRAS score, as this instrument was deemed the best by the system-
atic review conducted by Rodríguez-Martínez et al. (48, 51, 52). In this study, both
scoring systems showed a different outcome, with a significant effect observed using
the BRAS, but not with the ReSViNET scoring system. This emphasizes the need of a
properly validated and universally applicable scoring instrument.

In conclusion, in our study, patients with a single RSV infection had increased dis-
ease severity compared to patients with RSV co-infections, as indicated by higher rates
of PICU admission, longer length of stay, and higher BRAS scores, irrespective of the
age of the patients. This could suggest that the absence or presence of viral co-infec-
tions might influence the course of RSV bronchiolitis. However, our study had a hetero-
geneous study population and small sample size, warranting more large-scale studies
to confirm these findings. Furthermore, such studies should include a comparison of
both the BRAS and ResVinet scoring system, as this study showed that while significant
differences were observed using BRAS, this was not the case with the ResVinet scoring
system.
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MATERIALS ANDMETHODS
Patient inclusion and clinical sample collection. Previously healthy children aged 28 days (i.e.,

neonates, according to the WHO definition) up to 2 years old presenting with clinical signs of an acute
LRTI were included prospectively during an outpatient visit or hospitalization at the general pediatric
ward or PICU of the Antwerp University Hospital (Edegem, Belgium). Since RSV is the main etiologic
agent of interest for this study, patients were only eligible for inclusion if they had a positive or unknown
diagnostic PCR result for RSV. Patients with a known negative PCR result for RSV beforehand were there-
fore not approached. We aimed to include patients with an RSV-induced LRTI, such as bronchiolitis and
pneumonia, but variability exists in the definitions for these diseases. Patients were therefore included if
they had at least one specific lower respiratory tract sign reported by the child’s caregiver or the respon-
sible physician, such as tachypnea, dyspnea, and increased work of breathing; and/or abnormal auscul-
tatory findings, such as rhonchi, crepitations, wheezing, or bronchial breath sounds. Inclusion took place
during the two consecutive winter seasons of 2018 to 2019 and 2019 to 2020, respectively, from week
42 until week 8 of the next calendar year. All patients were included before the COVID-19 pandemic.
Patients with underlying, symptomatic cardiopulmonary disease or immunodeficiency were excluded.
Written parental informed consent was registered before inclusion. The Ethical Committee of the Antwerp
University Hospital approved this study (nr. 16/46/491).

After inclusion, parents completed a questionnaire on demographic and clinical data. Afterwards, nasal
secretions were collected via nasopharyngeal aspiration via a standardized procedure: 2mL of physiologic
saline solution were injected in one of both external nostrils and this solution was aspirated through a flex-
ible rubber hose in a closed suction system. Immediately after aspiration, the samples were preserved at
4°C and transferred to the lab for further processing.

RNA extraction and multiplex qPCR.Within 1 h after arrival at the lab, every nasal sample was resus-
pended in Hanks Balanced Salt Solution (HBSS) containing 20% sucrose, aliquoted, snap-frozen, and stored
at 280°C until further processing. Subsequently, after thawing, RNA was extracted using the QIAamp viral
RNA minikit (Qiagen, Hilden, Germany), according to the manufacturer’s recommendations and RNA con-
centration and quality were determined with the NanoDrop Spectrophotometer. RNA with an OD 260/280
ratio greater than 1.8 was considered to be of good quality. Next, a multiplex quantitative reverse tran-
scription-PCR (RT-qPCR) was performed using the SuperScript III Platinum One-Step RT-qPCR kit (Thermo
Fisher Scientific, Inc.) with specific oligonucleotide primers for RSV-A and RSV-B as well as 14 other com-
mon respiratory viruses, including human parainfluenza viruses (hPIV), human rhinoviruses (HRV), human
metapneumoviruses (hMPV), human parechoviruses (hPeV), human bocaviruses (hBoV), human coronavi-
ruses (hCoV), human adenoviruses (hAdV), and human enteroviruses (hEV). Testing for influenza was not
done, as the RSV and influenza seasons at that time did not overlap in our region and over 75% of children
included in this study already had a diagnostic nasal sampling for RSV and influenza A/B performed prein-
clusion, which was negative for influenza for all of them. The RT-qPCR was run on the MX 3005 Instrument
by Stratagene and Cq-values below 40 were counted as positive.

Outcome measures for severity assessment. As validated gold standards for the assessment of dis-
ease severity in young children suffering from bronchiolitis are lacking, we used the following parameters
as primary outcome measures: need for PICU admission, duration of hospitalization, saturation (SaO2) on
admission, and need for supplementary oxygen administration. As secondary outcome parameters, we
also included duration of oxygen administration, maximum administered fraction of inspired oxygen
(FiO2), maximum oxygen flow, and need for intubation. Furthermore, two different severity scoring systems
were included. The first one is the BRAS by Marlais et al. (51), as this instrument was determined the best
currently available by a recent systematic review (53). This scoring system was used as primary outcome.
Because the ReSVinet scoring system developed by Justicia-Grande et al. (48) was not included in this sys-
tematic review, we also included this scoring system as secondary, exploratory outcome measure, as it
seems to be one of the most validated assessment tools currently available (49). The scores were com-
puted retrospectively for each patient by two independent investigators, based on the first clinical assess-
ment available in the electronic patient file. In case of score discrepancy, differences were discussed, and a
final score allocated.

Statistical analysis. Continuous or categorical variables with nonnormal distributions are expressed
as medians (Q1 to Q3), dichotomous categorical variables are presented as frequencies (%). Bivariate
analyses, including Pearson’s chi-squared test, Fisher’s Exact test, and Mann-Whitney U test, were per-
formed to compare group proportions and/or distributions, as appropriate. When suitable, odds ratios
(OR) or incident rate ratio’s (IRR) were computed by regression analysis. Normality testing was performed
beforehand using the Kolmogorov-Smirnov test, if necessary. Level of significance was set to P-values
below 0.05. All statistical analyses were conducted on the SPSS Statistics software platform, version 26.0,
by IBM Corp. (Armonk, New York, USA).

Ethics approval and consent to participate.We received ethical approval for this study from the ethi-
cal committee of the Antwerp University Hospital and the University of Antwerp (nr. 16/46/491). Informed
consent forms signed by a parent or other legal guardian were collected from all included patients.

Data availability. The anonymized data sets used and/or analyzed during the current study are
available from the corresponding authors on reasonable request.

ACKNOWLEDGMENTS
We declare that we have no competing interests.
The work of K.S. is funded by The Research Foundation – Flanders (FWO).

Role of Viral Co-Infections in Pediatric RSV Infection Microbiology Spectrum

May/June 2023 Volume 11 Issue 3 10.1128/spectrum.04368-22 9

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

06
 N

ov
em

be
r 

20
23

 b
y 

80
.2

00
.1

48
.3

.

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04368-22


Experiment design: K.S. and P.L.D.; patient approach and sample extraction: K.S.,
T.C.M., L.D., V.G., J.A., E.L.I.M.D., T.S., and J.J.D.D.; sample processing: K.S.; contribution to
reagents, materials, analysis tools: P.L.D., S.V., A.S., B.Y.D.W., C.B., P.G.J., and P.C.; data
analysis: K.S. and T.C.M.; writing: K.S. and T.C.M.

REFERENCES
1. Ravaglia C, Poletti V. 2014. Recent advances in the management of acute

bronchiolitis. F1000Prime Rep 6:103. https://doi.org/10.12703/P6-103.
2. Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley JE, Gadomski AM,

Johnson DW, Light MJ, Maraqa NF, Mendonca EA, Phelan KJ, Zorc JJ, Stanko-
Lopp D, Brown MA, Nathanson I, Rosenblum E, Sayles S, Hernandez-Cancio S,
Ralston SL, Lieberthal AS, Meissner HC, Alverson BK, Baley JE, Gadomski AM,
Johnson DW, Light MJ, Maraqa NF, Mendonca EA, Phelan KJ, Zorc JJ, Stanko-
Lopp D, Brown MA, Nathanson I, Rosenblum E, Sayles S, Hernandez-Cancio S.
2014. Clinical practice guideline: the diagnosis, management, and prevention
of bronchiolitis. Pediatrics 134:e1474–e1502. http://www.ncbi.nlm.nih.gov/
pubmed/25349312 https://doi.org/10.1542/peds.2014-2742.

3. Shi T, McAllister DA, O'Brien KL, Simoes EAF, Madhi SA, Gessner BD, Polack FP,
Balsells E, Acacio S, Aguayo C, Alassani I, Ali A, Antonio M, Awasthi S, Awori JO,
Azziz-Baumgartner E, Baggett HC, Baillie VL, Balmaseda A, Barahona A, Basnet
S, Bassat Q, Basualdo W, Bigogo G, Bont L, Breiman RF, Brooks WA, Broor S,
Bruce N, Bruden D, Buchy P, Campbell S, Carosone-Link P, Chadha M, Chipeta
J, Chou M, Clara W, Cohen C, de Cuellar E, Dang D-A, Dash-Yandag B, Deloria-
Knoll M, Dherani M, Eap T, Ebruke BE, Echavarria M, de Freitas Lázaro
Emediato CC, Fasce RA, Feikin DR, Feng L, RSV Global Epidemiology Network,
et al. 2017. Global, regional, and national disease burden estimates of acute
lower respiratory infections due to respiratory syncytial virus in young chil-
dren in 2015: a systematic review and modelling study. Lancet 390:946–958.
https://doi.org/10.1016/S0140-6736(17)30938-8.

4. Acero-Bedoya S, Wozniak PS, Sánchez PJ, Ramilo O, Mejias A. 2019. Recent
trends in RSV immunoprophylaxis: clinical implications for the infant. Am
J Perinatol 36:S63–S67. https://doi.org/10.1055/s-0039-1691803.

5. Mangodt TC, Van Herck MA, Nullens S, Ramet J, De Dooy JJ, Jorens PG, De
Winter B. 2015. The role of Th17 and Treg responses in the pathogenesis
of RSV infection. Pediatr Res 78:483–491. https://doi.org/10.1038/pr.2015
.143.

6. Stokes KL, Chi MH, Sakamoto K, Newcomb DC, Currier MG, Huckabee MM,
Lee S, Goleniewska K, Pretto C, Williams JV, Hotard A, Sherrill TP, Peebles
RS, Moore ML. 2011. Differential pathogenesis of respiratory syncytial vi-
rus clinical isolates in BALB/c mice. J Virol 85:5782–5793. https://doi.org/
10.1128/JVI.01693-10.

7. Hotard AL, Laikhter E, Brooks K, Hartert TV, Moore ML. 2015. Functional analy-
sis of the 60-nucleotide duplication in the respiratory syncytial virus Buenos
Aires strain attachment glycoprotein. J Virol 89:8258–8266. http://www.ncbi
.nlm.nih.gov/pubmed/26018171 https://doi.org/10.1128/JVI.01045-15.

8. Van der Gucht W, Stobbelaar K, Govaerts M, Mangodt T, Barbezange C,
Leemans A, De Winter B, Van Gucht S, Caljon G, Maes L, De Dooy J, Jorens
P, Smet A, Cos P, Verhulst S, Delputte PL. 2019. Isolation and characteriza-
tion of clinical RSV isolates in Belgium during the winters of 2016–2018.
Viruses 11:1031–1019. https://doi.org/10.3390/v11111031.

9. Ramos-Fernández JM, Moreno-Pérez D, Gutiérrez-Bedmar M, Hernández-
Yuste A, Cordón-Martínez AM, Milano-Manso G, et al. 2017. Prediction of
severe course in infants with RSV bronchiolitis under 6 months. Rev Esp
Salud Publica 91.

10. Geoghegan S, Erviti A, Caballero MT, Vallone F, Zanone SM, Losada JV, Bianchi
A, Acosta PL, Talarico LB, Ferretti A, Grimaldi LA, Sancilio A, Dueñas K, Sastre G,
Rodriguez A, Ferrero F, Barboza E, Gago GF, Nocito C, Flamenco E, Perez AR,
Rebec B, Ferolla FM, Libster R, Karron RA, Bergel E, Polack FP. 2017. Mortality
due to respiratory syncytial virus burden and risk factors. Am J Respir Crit Care
Med 195:96–103. https://doi.org/10.1164/rccm.201603-0658OC.

11. Mahony JB. 2008. Detection of respiratory viruses by molecular methods.
Clin Microbiol Rev 21:716–747. https://doi.org/10.1128/CMR.00037-07.

12. Resch B, Puchas C, Resch E, Urlesberger B. 2020. Epidemiology of respira-
tory syncytial virus-related hospitalizations and the influence of viral coin-
fections in southern Austria in a 7-year period. Pediatr Infect Dis J 39:
12–16. https://doi.org/10.1097/INF.0000000000002494.

13. Jiang W, Wu M, Zhou J, Wang Y, Hao C, Ji W, Zhang X, Gu W, Shao X. 2017.
Etiologic spectrum and occurrence of coinfections in children hospitalized
with community-acquired pneumonia. BMC Infect Dis 17:787. https://doi
.org/10.1186/s12879-017-2891-x.

14. Calvo C, García-García ML, Pozo F, Paula G, Molinero M, Calderón A,
González-Esguevillas M, Casas I. 2015. Respiratory syncytial virus coinfections
with rhinovirus and human bocavirus in hospitalized children. Medicine (Bal-
timore, MD) 94:e1788. https://doi.org/10.1097/MD.0000000000001788.

15. Gil J, Almeida S, Constant C, Pinto S, Barreto R, Cristino JM, et al. 2018.
Short-term relevance of lower respiratory viral coinfection in inpatients
under 2 years of age. An Pediatr 88:122–126.

16. Petrarca L, Nenna R, Frassanito A, Pierangeli A, Leonardi S, Scagnolari C,
Antonelli G, Papoff P, Moretti C, Midulla F. 2018. Acute bronchiolitis: influence
of viral co-infection in infants hospitalized over 12 consecutive epidemic sea-
sons. J Med Virol 90:631–638. https://doi.org/10.1002/jmv.24994.

17. Yen C-Y, Wu W-T, Chang C-Y, Wong Y-C, Lai C-C, Chan Y-J, Wu K-G, Hung
M-C. 2019. Viral etiologies of acute respiratory tract infections among hospi-
talized children – a comparison between single and multiple viral infections.
J Microbiol Immunol Infect 52:902–910. https://doi.org/10.1016/j.jmii.2019.08
.013.

18. Li Y, Pillai P, Miyake F, Nair H. 2020. The role of viral co-infections in the se-
verity of acute respiratory infections among children infected with respi-
ratory syncytial virus (RSV): a systematic review and meta-analysis. J Glob
Health 10:1–10.

19. Ogunbayo AE, Mogotsi MT, Sondlane H, Nkwadipo KR, Sabiu S, Nyaga MM.
2022. Pathogen profile of children hospitalised with severe acute respiratory
infections during COVID-19 pandemic in the Free State Province, South
Africa. IJERPH 19:10418. https://doi.org/10.3390/ijerph191610418.

20. Van Brusselen D, De Troeyer K, ter Haar E, Vander Auwera A, Poschet K, Van
Nuijs S, Bael A, Stobbelaar K, Verhulst S, Van Herendael B, Willems P,
Vermeulen M, De Man J, Bossuyt N, Vanden Driessche K. 2021. Bronchiolitis
in COVID-19 times: a nearly absent disease? Eur J Pediatr 180:1969–1973.
https://doi.org/10.1007/s00431-021-03968-6.

21. Li Y. The role of respiratory co-infection with influenza or respiratory syn-
cytial virus in the clinical severity of COVID-19 patients: a systematic
review and meta-analysis. 202212:1–14.

22. Rodriguez H, Hartert TV, Gebretsadik T, Carroll KN, Larkin EK. 2016. A sim-
ple respiratory severity score that may be used in evaluation of acute re-
spiratory infection. BMC Res Notes 9:1–4. https://doi.org/10.1186/s13104
-016-1899-4.

23. Justicia-Grande AJ, Pardo-Seco J, Cebey-López M, Vilanova-Trillo L, Gómez-
Carballa A, Rivero-Calle I, Puente-Puig M, Curros-Novo C, Gómez-Rial J,
Salas A, Martinón-Sánchez JM, Redondo-Collazo L, Rodríguez-Tenreiro C,
Martinón-Torres F, Respiratory Syncytial Virus network (ReSVinet). 2016. De-
velopment and validation of a new clinical scale for infants with acute respi-
ratory infection: the ReSVinet Scale. PLoS One 11:e0157665. https://doi.org/
10.1371/journal.pone.0157665.

24. Justicia-Grande AJ, José J, Seco P, Calle IR, Martinón-Torres F. 2017. Clini-
cal respiratory scales: which one should we use? Expert Rev of Respiratory
Medicine 11:925–943. https://doi.org/10.1080/17476348.2017.1387052.

25. Marlais M, Evans J, Abrahamson E. 2011. Clinical predictors of admission in
infants with acute bronchiolitis. Archives of Dis in Childhood 96:648–652.
https://doi.org/10.1136/adc.2010.201079.

26. Rodríguez-Martínez CE, Sossa-Briceño MP, Nino G. 2018. Systematic review
of instruments aimed at evaluating the severity of bronchiolitis. Paediatric
Respiratory Rev 25:43–57. https://doi.org/10.1016/j.prrv.2016.12.006.

27. Kouni S, Karakitsos P, Chranioti A, Theodoridou M, Chrousos G, Michos A.
2013. Evaluation of viral co-infections in hospitalized and non-hospital-
ized children with respiratory infections using microarrays. Clin Microbiol
Infect 19:772–777. https://doi.org/10.1111/1469-0691.12015.

28. Noyola DE, Hunsberger S, Valdés Salgado R, Powers JH, Galindo-Fraga A,
Ortiz-Hernández AA, et al. 2019. Comparison of rates of hospitalization
between single and dual virus detection in a Mexican cohort of children
and adults with influenza-like illness. Open Forum Infect Dis 6:ofz424.

29. Petat H, Gajdos V, Angoulvant F, Vidalain P-O, Corbet S, Marguet C,
Brouard J, Vabret A, Gouilh MA. 2021. High frequency of viral co-detec-
tions in acute bronchiolitis. Viruses 13:990–996. https://doi.org/10.3390/
v13060990.

Role of Viral Co-Infections in Pediatric RSV Infection Microbiology Spectrum

May/June 2023 Volume 11 Issue 3 10.1128/spectrum.04368-22 10

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

06
 N

ov
em

be
r 

20
23

 b
y 

80
.2

00
.1

48
.3

.

https://doi.org/10.12703/P6-103
http://www.ncbi.nlm.nih.gov/pubmed/25349312
http://www.ncbi.nlm.nih.gov/pubmed/25349312
https://doi.org/10.1542/peds.2014-2742
https://doi.org/10.1016/S0140-6736(17)30938-8
https://doi.org/10.1055/s-0039-1691803
https://doi.org/10.1038/pr.2015.143
https://doi.org/10.1038/pr.2015.143
https://doi.org/10.1128/JVI.01693-10
https://doi.org/10.1128/JVI.01693-10
http://www.ncbi.nlm.nih.gov/pubmed/26018171
http://www.ncbi.nlm.nih.gov/pubmed/26018171
https://doi.org/10.1128/JVI.01045-15
https://doi.org/10.3390/v11111031
https://doi.org/10.1164/rccm.201603-0658OC
https://doi.org/10.1128/CMR.00037-07
https://doi.org/10.1097/INF.0000000000002494
https://doi.org/10.1186/s12879-017-2891-x
https://doi.org/10.1186/s12879-017-2891-x
https://doi.org/10.1097/MD.0000000000001788
https://doi.org/10.1002/jmv.24994
https://doi.org/10.1016/j.jmii.2019.08.013
https://doi.org/10.1016/j.jmii.2019.08.013
https://doi.org/10.3390/ijerph191610418
https://doi.org/10.1007/s00431-021-03968-6
https://doi.org/10.1186/s13104-016-1899-4
https://doi.org/10.1186/s13104-016-1899-4
https://doi.org/10.1371/journal.pone.0157665
https://doi.org/10.1371/journal.pone.0157665
https://doi.org/10.1080/17476348.2017.1387052
https://doi.org/10.1136/adc.2010.201079
https://doi.org/10.1016/j.prrv.2016.12.006
https://doi.org/10.1111/1469-0691.12015
https://doi.org/10.3390/v13060990
https://doi.org/10.3390/v13060990
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04368-22


30. Nicholson EG, Schlegel C, Garofalo RP, Mehta R, Scheffler M, Mei M, Piedra
PA. 2016. Robust cytokine and chemokine response in nasopharyngeal secre-
tions: association with decreased severity in children with physician diag-
nosed bronchiolitis. J Infect Dis 214:649–655. https://doi.org/10.1093/infdis/
jiw191.

31. Li Y, Fu X, Ma J, Zhang J, Hu Y, Dong W, Wan Z, Li Q, Kuang Y-Q, Lan K, Jin
X, Wang J-H, Zhang C. 2019. Altered respiratory virome and serum cyto-
kine profile associated with recurrent respiratory tract infections in chil-
dren. Nat Commun 10. https://doi.org/10.1038/s41467-019-10294-x.

32. Penela-Sánchez D, González-de-Audicana J, Armero G, Henares D, Esteva C,
de-Sevilla M-F, Ricart S, Jordan I, Brotons P, Cabrerizo M, Muñoz-Almagro C,
Launes C. 2021. Lower respiratory tract infection and genus enterovirus in
children requiring intensive care: Clinical manifestations and impact of viral
co-infections. Viruses 13:2059–2011. https://doi.org/10.3390/v13102059.

33. de Steenhuijsen Piters WAA, Heinonen S, Hasrat R, Bunsow E, Smith B,
Suarez-Arrabal M-C, Chaussabel D, Cohen DM, Sanders EAM, Ramilo O,
Bogaert D, Mejias A. 2016. Nasopharyngeal microbiota, host transcriptome,
and disease severity in children with respiratory syncytial virus infection. Am
J Respir Crit Care Med 194:1104–1115. https://doi.org/10.1164/rccm.201602
-0220OC.

34. Rotzén-Östlund M, Eriksson M, Tiveljung Lindell A, Allander T, Zweygberg
Wirgart B, Grillner L. 2014. Children with multiple viral respiratory infec-
tions are older than those with single viruses. Acta Paediatr 103:100–104.
https://doi.org/10.1111/apa.12440.

35. McNamara PS, Flanagan BF, Smyth RL, Hart CA. 2007. Impact of human
metapneumovirus and respiratory syncytial virus co-infection in severe
bronchiolitis. Pediatr Pulmonol 42:740–743. https://doi.org/10.1002/ppul
.20649.

36. Midulla F, Scagnolari C, Bonci E, Pierangeli A, Antonelli G, De Angelis D,
Berardi R, Moretti C. 2010. Respiratory syncytial virus, human bocavirus
and rhinovirus bronchiolitis in infants. Arch Dis Child 95:35–41. https://
doi.org/10.1136/adc.2008.153361.

37. Amat F, Plantard C, Mulliez A, Petit I, Rochette E, Verdan M, Henquell C,
Labbé G, Heraud MC, Evrard B, Labbé A. 2018. RSV-hRV co-infection is a
risk factor for recurrent bronchial obstruction and early sensitization 3
years after bronchiolitis. J Med Virol 90:867–872. https://doi.org/10.1002/
jmv.25037.

38. Zhang R-F, Jin Y, Xie Z-P, Liu N, Yan K-L, Gao H-C, Song J-R, Yuan X-H, Xiao
N-G, Guo M-W, Zhou Q-H, Hou Y-D, Duan Z. 2010. Human respiratory syn-
cytial virus in children with acute respiratory tract infections in China. J
Clin Microbiol 48:4193–4199. https://doi.org/10.1128/JCM.00179-10.

39. Gagliardi TB, Paula FE, Iwamoto MA, Proença-Modena JL, Santos AE, Camara
AA, Cervi MC, Cintra OAL, Arruda E. 2013. Concurrent detection of other re-
spiratory viruses in children shedding viable human respiratory syncytial vi-
rus. J Med Virol 85:1852–1859. https://doi.org/10.1002/jmv.23648.

40. Franz A, Adams O, Willems R, Bonzel L, Neuhausen N, Schweizer-Krantz S,
Ruggeberg JU, Willers R, Henrich B, Schroten H, Tenenbaum T. 2010. Cor-
relation of viral load of respiratory pathogens and co-infections with dis-
ease severity in children hospitalized for lower respiratory tract infection.
J Clin Virol 48:239–245. https://doi.org/10.1016/j.jcv.2010.05.007.

41. Moe N, Krokstad S, Stenseng IH, Christensen A, Skanke LH, Risnes KR, Nordbø
SA, Døllner H. 2017. Comparing human metapneumovirus and respiratory
syncytial virus: viral codetections, genotypes and risk factors for severe dis-
ease. PLoS One 12:e0170200. https://doi.org/10.1371/journal.pone.0170200.

42. Sung C-C, Chi H, Chiu N-C, Huang DT-N, Weng L-C, Wang N-Y, Huang F-Y.
2011. Viral etiology of acute lower respiratory tract infections in hospitalized

young children in Northern Taiwan. J Microbiol Immunol Infect 44:184–190.
https://doi.org/10.1016/j.jmii.2011.01.025.

43. Papadopoulos NG, Gourgiotis D, Javadyan A, Bossios A, Kallergi K, Psarras S,
Tsolia MN, Kafetzis D. 2004. Does respiratory syncytial virus subtype influen-
ces the severity of acute bronchiolitis in hospitalized infants? Respir Med 98:
879–882. https://doi.org/10.1016/j.rmed.2004.01.009.

44. Jafri HS, Wu X, Makari D, Henrickson KJ. 2013. Distribution of respiratory
syncytial virus subtypes A and B among infants presenting to the emer-
gency department with lower respiratory tract infection or apnea. Pediatr
Infect Dis J 32:335–340. https://doi.org/10.1097/INF.0b013e318282603a.

45. Tran DN, Pham TMH, Ha MT, Tran TTL, Dang TKH, Yoshida L-M, Okitsu S,
Hayakawa S, Mizuguchi M, Ushijima H. 2013. Molecular epidemiology and
disease severity of human respiratory syncytial virus in Vietnam. PLoS
One 8:e45436. https://doi.org/10.1371/journal.pone.0045436.

46. Hornsleth A, Klug B, Nir M, Johansen J, Hansen KS, Christensen LS, Larsen LB.
1998. Severity of respiratory syncytial virus disease related to type and genotype
of virus and to cytokine values in nasopharyngeal secretions. Pediatr Infect Dis J
17:1114–1121. https://doi.org/10.1097/00006454-199812000-00003.

47. Straliotto SM, Roitman B, Lima JB, Fischer GB, Siqueira MM. 1994. Respira-
tory syncytial virus (RSV) bronchiolitis: comparative study of RSV groups
A and B infected children. Rev Soc Bras Med Trop 27:1–4. https://doi.org/
10.1590/s0037-86821994000100001.

48. Rodriguez-Fernandez R, Tapia LI, Yang C-F, Torres JP, Chavez-Bueno S,
Garcia C, Jaramillo LM, Moore-Clingenpeel M, Jafri HS, Peeples ME, Piedra
PA, Ramilo O, Mejias A. 2017. Respiratory syncytial virus genotypes, host
immune profiles, and disease severity in young children hospitalized with
bronchiolitis. J Infect Dis 217:24–34. https://doi.org/10.1093/infdis/jix543.

49. Kepreotes E, Whitehead B, Attia J, Oldmeadow C, Collison A, Searles A,
Goddard B, Hilton J, Lee M, Mattes J. 2017. High-flow warm humidified
oxygen versus standard low-flow nasal cannula oxygen for moderate
bronchiolitis (HFWHO RCT): an open, phase 4, randomised controlled trial.
Lancet 389:930–939. https://doi.org/10.1016/S0140-6736(17)30061-2.

50. Garazzino S, Montagnani C, Donà D, Meini A, Felici E, Vergine G, Bernardi S,
Giacchero R, Lo Vecchio A, Marchisio P, Nicolini G, Pierantoni L, Rabbone I,
Banderali G, Denina M, Venturini E, Krzysztofiak A, Badolato R, Bianchini S,
Galli L, Villani A, Castelli-Gattinara G, the Italian SITIP-SIP Pediatric Infection
Study Group. 2020. Multicentre Italian study of SARS-CoV-2 infection in chil-
dren and adolescents, preliminary data as at 10 April 2020. Eurosurveillance
25:1–4. https://doi.org/10.2807/1560-7917.ES.2020.25.18.2000600.

51. Götzinger F, Santiago-García B, Noguera-Julián A, Lanaspa M, Lancella L,
Calò Carducci FI, Gabrovska N, Velizarova S, Prunk P, Osterman V, Krivec
U, Lo Vecchio A, Shingadia D, Soriano-Arandes A, Melendo S, Lanari M,
Pierantoni L, Wagner N, L'Huillier AG, Heininger U, Ritz N, Bandi S, Krajcar
N, Rogli�c S, Santos M, Christiaens C, Creuven M, Buonsenso D, Welch SB,
Bogyi M, Brinkmann F, Tebruegge M, ptbnet COVID-19 Study Group.
2020. COVID-19 in children and adolescents in Europe: a multinational,
multicentre cohort study. Lancet Child Adolesc Health 4:653–661. https://
doi.org/10.1016/S2352-4642(20)30177-2.

52. Li Y, Wang H, Wang F, Lu X, Du H, Xu J, Han F, Zhang L, Zhang M. 2021.
Co-infections of SARS-CoV-2 with multiple common respiratory patho-
gens in infected children: A retrospective study. Medicine (Baltimore, MD)
100:e24315. https://doi.org/10.1097/MD.0000000000024315.

53. Justicia-Grande AJ, Martinón-Torres F. 2019. The ReSVinet score for bronchio-
litis: a scale for all seasons. Am J Perinatol 36:S48–S53. https://doi.org/10
.1055/s-0039-1691800.

Role of Viral Co-Infections in Pediatric RSV Infection Microbiology Spectrum

May/June 2023 Volume 11 Issue 3 10.1128/spectrum.04368-22 11

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

06
 N

ov
em

be
r 

20
23

 b
y 

80
.2

00
.1

48
.3

.

https://doi.org/10.1093/infdis/jiw191
https://doi.org/10.1093/infdis/jiw191
https://doi.org/10.1038/s41467-019-10294-x
https://doi.org/10.3390/v13102059
https://doi.org/10.1164/rccm.201602-0220OC
https://doi.org/10.1164/rccm.201602-0220OC
https://doi.org/10.1111/apa.12440
https://doi.org/10.1002/ppul.20649
https://doi.org/10.1002/ppul.20649
https://doi.org/10.1136/adc.2008.153361
https://doi.org/10.1136/adc.2008.153361
https://doi.org/10.1002/jmv.25037
https://doi.org/10.1002/jmv.25037
https://doi.org/10.1128/JCM.00179-10
https://doi.org/10.1002/jmv.23648
https://doi.org/10.1016/j.jcv.2010.05.007
https://doi.org/10.1371/journal.pone.0170200
https://doi.org/10.1016/j.jmii.2011.01.025
https://doi.org/10.1016/j.rmed.2004.01.009
https://doi.org/10.1097/INF.0b013e318282603a
https://doi.org/10.1371/journal.pone.0045436
https://doi.org/10.1097/00006454-199812000-00003
https://doi.org/10.1590/s0037-86821994000100001
https://doi.org/10.1590/s0037-86821994000100001
https://doi.org/10.1093/infdis/jix543
https://doi.org/10.1016/S0140-6736(17)30061-2
https://doi.org/10.2807/1560-7917.ES.2020.25.18.2000600
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1016/S2352-4642(20)30177-2
https://doi.org/10.1097/MD.0000000000024315
https://doi.org/10.1055/s-0039-1691800
https://doi.org/10.1055/s-0039-1691800
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.04368-22

	RESULTS
	Demographic and clinical characteristics of patients.
	Impact of viral co-infections.

	DISCUSSION
	MATERIALS AND METHODS
	Patient inclusion and clinical sample collection.
	RNA extraction and multiplex qPCR.
	Outcome measures for severity assessment.
	Statistical analysis.
	Ethics approval and consent to participate.
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

