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Objectives: The aim of this study was to assess the co-seasonality and co-detection of respiratory viral
infections and bacteraemia in children since the introduction of the 13-valent pneumococcal conjugate
vaccine (PCV13).
Methods: Children <18 years old were eligible for inclusion if they had a respiratory infection and a
positive PCR-based assay for respiratory viruses as well as a positive blood culture between 2010 and
2018 at a single referral centre in the United States, regardless of their underlying medical condition or
antibiotic treatment history. Monthly incidence rates of respiratory viruses and bacteraemia were ana-
lysed with a seasonal-trend decomposition procedure based on loess (STL) and cross-correlation func-
tions using time series regression modelling.
Results: We identified 7415 unique positive respiratory virus tests, including 2278 respiratory syncytial
virus (RSV) (31%), 1825 influenza viruses (24%), 1036 parainfluenza viruses (14%), 1017 human meta-
pneumovirus (hMPV) (14%), 677 seasonal coronaviruses (9%), and 582 adenoviruses (8%), together with a
total of 11 827 episodes of bacteraemia. Significant co-seasonality was found between all-cause bacter-
aemia and RSV (OR ¼ 1.76, 95%CI 1.50e2.06, p < 0.001), influenza viruses (OR ¼ 1.38, 95%CI 1.13e1.68, p
0.002), and seasonal coronaviruses (OR ¼ 1.18, 95%CI 1.09e1.28, p < 0.001), respectively. Analysis of
linked viralebacterial infections in individual children indicated that the rate ratio (RR) of bacteraemia
associated with hMPV (RR ¼ 2.73, 95%CI 1.12e6.85, p 0.019) and influenza (RR ¼ 2.61, 95%CI 1.21e6.11, p
0.013) were more than double that of RSV. Staphylococcus aureus and Streptococcus pneumoniae were the
most commonly identified pathogens causing bacteraemia.
Conclusions: There is a significant association between hMPV and influenza viruses and bacteraemia of
all causes in hospitalized children at a single paediatric centre in the United States. Large multicentre
studies are needed to confirm these findings and to elucidate the mechanisms by which hMPV poten-
tiates the virulence and invasive capacity of diverse bacteria. Young June Choe, Clin Microbiol Infect
2020;26:1690.e5e1690.e8
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction predominant causes of invasive bacterial infections complicating
Children with respiratory viral infections are susceptible to
infection with bacteria that may cause pyogenic complications
such as empyema, necrotizing pneumonia and bacteraemia [1].
Since the influenza pandemic of 1918, Streptococcus pneumoniae
and Staphylococcus aureus have been recognized as the
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influenza infections [2].
The direct relationship between respiratory viruses and bac-

teraemia in children remains poorly defined, especially since the
introduction of the seven-valent pneumococcal conjugate vaccine
(PCV7) in the United States in 2000 [3,4]. A study conducted in
children before the implementation of PCV13 demonstrated sig-
nificant associations between invasive pneumococcal disease (IPD)
and influenza viruses and respiratory syncytial virus (RSV), as well
as human metapneumovirus (hMPV), which was a novel obser-
vation [5].
ublished by Elsevier Ltd. All rights reserved.
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Fig. 1. Co-seasonality of respiratory viruses (line graph) and bacteraemia (bar graph), 2010e2018.
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The deployment of PCV13 in the United States in 2010 has led to a
substantial decline in IPD, but it is not currently known which bac-
teria complicate respiratory viral infections [3]. We hypothesized
that respiratory viruses detected in hospitalized children are asso-
ciated with multiple causes of bacteraemia. To test this hypothesis,
we analysed the relationship between 16 respiratory viruses and all-
cause bacteraemia in children at a single paediatric centre in the
United States over the 8 years since the introduction of PCV13.

Methods

Research setting

This ecological study was conducted at Hasbro Children's Hos-
pital in Providence, Rhode Island, which serves southern New En-
gland in the United States.

Study population

Children <18 years of age presenting with respiratory infections
were enrolled if they underwent testing for respiratory viruses and
bacteraemia in the emergency department, paediatric primary care
clinic or during hospitalization from June 2010 to May 2018. Blood
cultures and respiratory viral PCR assays were obtained at the
discretion of attendingphysicians according to usual local practice for
childrenwith feverand respiratorysymptoms.No systematic changes
were made during the study period. Based on the knowledge that
respiratory viruses incubate for up to 1week and are shed for 14 days
or longer [6,7], we made an a priori assumption that detection of a
virus 2 weeks before or up to 1 week after a positive blood culture
could potentially be causally associated with bacteraemia. Children
were eligible regardless of their underlying medical condition or
antibiotic treatment history. Aggregated laboratory results, season,
and patients' ages were collated using TheraDoc (Premier, Charlotte,
North Carolina, USA), an infection control software system.

Laboratory tests

PCR-based viral assays included the xTAG Respiratory Viral
Panel (Luminex Corp., Austin, Texas, USA) from 2010 to 2017 and
the ePlex Respiratory Pathogen Panel (GenMark Diagnostics,
Carlsbad, California, USA) from 2017 to 2018, both of which test for
17 viruses. Considering that these assays cannot distinguish be-
tween rhinoviruses and enteroviruses, we decided in advance to
exclude them from the analyses. The following bacteria were
considered non-pathogenic unless they were isolated from two or
more blood cultures: coagulase-negative staphylococci, Coryne-
bacterium spp., Bacillus spp., and Cutibacterium acnes. Only the first
episode of infection was included if a pathogen was reported on
more than one occasionwithin a 4-week period. Information about
pneumococcal serotypes was not available because serotyping is
not routinely performed in Rhode Island.

Statistical analyses

We constructed a longitudinal database to track monthly inci-
dence of respiratory viruses and bacteraemia. A filtering proce-
duredcalled a seasonal-trend decomposition procedure based on
loess (STL)dwas conducted separately for respiratory viruses and
bacteria in order to decompose and smooth time series data with
seasonal, trend and remaining components [8]. Cross-correlation
functions were applied using time series regression modelling to
determine the highest correlation between overall incidence of
various respiratory viruses and bacteraemia. We calculated the
incidence of cases with viralebacterial co-detections as well as a
rate ratio (RR) of various respiratory viruses relative to that of RSV.



Table 1
Co-seasonality and co-detection of respiratory viruses and bacteraemia in children, 2010e2018

Respiratory viruses Viral URT detection and bacteraemia co-seasonality Viral URT detection and bacteraemia

OR 95%CI Adjusted R2 p n/N Incidence % RR (vs. RSV) 95%CI p (versus RSV)

Adenovirus 1.02 0.99e1.06 0.320 0.216 2/582 0.34 0.92 0.13e3.65 0.858
Coronaviruses 1.18 1.09e1.28 0.651 <0.001 5/677 0.74 1.90 0.57e5.58 0.254
Influenza viruses 1.38 1.13e1.68 0.591 0.002 19/1825 1.04 2.61 1.21e6.11 0.013
hMPV 0.99 0.92e1.05 0.658 0.669 11/1017 1.08 2.73 1.12e6.85 0.019
Parainfluenza viruses 1.05 0.99e1.13 0.120 0.117 9/1036 0.87 2.20 0.85 e 5.71 0.086
RSV 1.76 1.50e2.06 0.797 <0.001 9/2278 0.40 1 d d

Bold figures denote significant values. CI, confidence interval; hMPV, human metapneumovirus; OR, odds ratio; RR, rate ratio; RSV, respiratory syncytial virus; URT, upper
respiratory tract.
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RR was calculated using the median unbiased estimator method.
Statistical analyses were performed using R (version 3.4.3; R
Development Core Team, Vienna, Austria).

Ethics statement

The Institutional Review Board at Rhode Island Hospital pro-
vided ethics approval for this study and exemption from informed
consent.

Results

During an 8-year period from 2010, we identified 7415 unique
positive respiratory virus tests, including 2278 RSV (31%), 1825
influenza viruses (24%), 1036 parainfluenza viruses (14%), 1017
hMPV (14%), 677 seasonal coronaviruses (9%), and 582 adenovi-
ruses (8%) (Fig.1). During the same period, a total of 11827 episodes
of bacteraemia from the entire hospital were identified. Seasonal
coronaviruses, influenza viruses and RSV peaked in the winter,
which coincided with the peak incidence of all-cause bacteraemia.
The highest incidence of hMPV and spring-onset parainfluenza
viruses lagged that of other viruses by 4e8 weeks, and typically
occurred annually in April or May.

The cross correlations between respiratory viruses and all-cause
bacteraemia revealed the highest effect sizes for RSV (OR ¼ 1.76,
p < 0.001), influenza viruses (OR ¼ 1.38, p 0.002), and seasonal
coronaviruses (OR ¼ 1.18, p < 0.001) (Table 1). There were no sig-
nificant seasonal associations between adenovirus, hMPV, or par-
ainfluenza viruses and bacteraemia.

We used RSV as a reference for computing RR because it had a
low proportion of bacteraemia episodes. Children with hMPV had
the highest proportion of bacterial co-detections with an RR of 2.7
relative to RSV (p 0.019). Similarly, the RR for bacteraemia associ-
ated with influenza viruses was 2.6 compared with RSV (p 0.013).
Adenoviruses, seasonal coronaviruses and parainfluenza viruses
had respective RRs of 0.92, 1.90 and 2.20 relative to RSV, but the
differences were not statistically significant (Table 1).

S. aureus (n ¼ 15) and S. pneumoniae (n ¼ 12) were the mostly
commonly identified pathogens causing bacteraemia
(Supplementary Material Table S1).

Discussion

We observed that the seasonality of coronaviruses, influenza vi-
ruses and RSV strongly correlated with that of bacteraemia among
hospitalized children. These findings corroborate those of other in-
vestigators [5,9] and indicate that the co-seasonality of respiratory
viruses and bacteria is conducive to concurrent host colonization.
Afterwe linked episodes of viral and bacterial infections in individual
children, we found that the proportion of co-detections was gener-
ally low, ranging from 0.4% for RSV to 1.1% for hMPV, which is within
the range found in other recent studies (0.4e1.6%) [10e14]. However,
children with hMPV or influenza viruses had more than double the
rate of bacteraemia compared with RSV.

This report validates the association between influenza and
hMPV and bacteraemia that was reported by Ampofo et al. [5] before
the introduction of PCV13. In addition to S. pneumoniae, we identi-
fied S. aureus and a variety of other bacteria, which emphasizes the
importance of emerging non-vaccine-preventable pathogens. In
addition to influenza, hMPV is known to cause degenerative changes
in the lower respiratory epithelium, potentially permitting colo-
nizing bacteria to invade; it also impairs signalling at the immuno-
logical synapse between dendritic cells and T cells, potentially
disrupting host defences, and this may explain its virulence [4,15].

This study is limited by its retrospective design and lack of
detailed patient-level clinical data, such as evidence of upper
versus lower respiratory tract infection, underlying comorbidities,
antibiotic treatment history, and evidence of prior immunizations.
Also, the role of multiple viruses detected simultaneously and the
possible role of presumed contaminants was not assessed due to
the aggregated nature of our data. Furthermore, the small number
of patients with co-detections derived from a single institution
limits the generalizability of these findings.

On the other hand, this is the first study to appraise the associ-
ation between respiratory viruses and bacteraemia in children since
the deployment of PCV13. Despite the small sample size, we
employed a rigorous statistical approach to account for seasonal and
secular trends, and our findings are consistent with those of a pre-
vious larger study conducted before the introduction of PCV13 [5].

In conclusion, we found a strong association between both
hMPV and influenza and bacteraemia in children. Largemulticentre
studies are needed to confirm these findings and to elucidate the
mechanisms bywhich hMPV potentiates the virulence and invasive
capacity of diverse bacteria. Empirical antibacterial treatment of
severely ill children infected with these viruses appears to be
warranted.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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