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Background: Rhinovirus (RV) quantitation by reverse transcription-quantitative 
PCR is limited by variable amplification efficiency across genotypes. We used a precise 
viral quantitation method, reverse transcription-digital PCR (RT-dPCR), to charac-
terize the role of viral load in clinical outcomes and in viral co-infections in children 
presenting to a tertiary hospital emergency department (ED).

Methods: Children < 18  years with respiratory symptoms for ≤ 14  days were 
enrolled from December 1, 2016 to December 31, 2018. Participants had nasal and 
throat specimens obtained and multiplex PCR testing with a commercial assay 
(FilmArray; bioMerieux). RV positive samples were quantified using RT-dPCR. 
Samples with sufficient viral load were sequenced at a 543 bp fragment of the RV VP4/
VP2 region. RV species were assigned by comparison to RV sequences in GenBank 
using BLAST. Clinical data were collected into REDCap. T-tests were used to compare 
mean viral loads between groups.

Results: Of 1703 children enrolled in the ED, 697 were RV/enterovirus positive by 
FilmArray [median age 18 months (interquartile range 9–39 months)]. Of 590 sub-
jects with viral load available, 276 (47%) were admitted to the hospital. Among RV 
mono-infections (N = 434), mean viral load did not differ between subjects admitted 
vs. discharged from the ED (7.03 log copies/mL for both, P = 0.97). Among admit-
ted subjects with RV mono-infection, viral load also did not differ between subjects 
requiring supplemental oxygen vs. not (7.01 vs. 7.10 log copies/mL, P = 0.6). Subjects 
with viral co-infections had lower mean RV viral loads (6.31 log copies/mL) compared 
with those with RV only (7.03 log copies/mL; P < 0.001) (figure). Significantly different 
RV viral loads were seen with co-infections with respiratory syncytial virus (RSV), 
metapneumovirus (MPV) and parainfluenza (PIV), but not with influenza, adenovirus 
or coronavirus. In 525 sequenced samples (46% RV-A, 4% RV-B, 50% RV-C), viral load 
did not vary between RV viral species (P = 0.09).

Conclusion: Precise viral quantitation demonstrates children co-infected with RV 
and RSV, MPV or PIV have lower nasal viral loads than those with RV alone. Among 
RV mono-infections, RV viral load was not associated with admission or need for sup-
plemental oxygen.
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Background: The clinical relevance of respiratory viral co-infections is unclear. Few 
studies determine epidemiology and impact of specific co-infection pairings. Here we 
assess the dynamics of respiratory viral co-infections, determine any predisposition 
for specific pairings to occur and evaluate resulting clinical impact on hospitalization.

Methods: We reviewed respiratory viral panel results collected at The Cleveland 
Clinic between November 2013 to Jun 2018. Monthly prevalences, mono-infections 
and co-infections of 13 viral pathogens were tabulated. Employing a mathematical 
model which utilized each individual virus’ co-infection rate and prevalence patterns of 
concurrent circulating respiratory viruses, we calculated an expected number of occur-
rences for 132 viral pairing permutations. Expected vs observed co-infection occur-
rences were compared using binomial tests. For viral pairings occurring at significantly 
higher prevalence than expected, logistic regression models were used to compare hos-
pitalization between patients with co-infection to ones with mono-infection.

Results: Of 30,535 respiratory samples, 9,843 (32.2%) samples were positive for at 
least 1 virus and 1,018 (10.82%) were co-infected. Co-infections occurred in 18% of 
pediatric samples and only 3% of adult samples (P < 0.001). Adenovirus C (ADVC 
had the highest co-infection rate (68.3%) while influenza B had the lowest (10.07%). 

Using our model, ADVC – rhinovirus (HRV), RSVA - HRV, and RSVB - HRV pairings 
occurred at significantly higher prevalence than expected (P < 0.05). In children, HRV-
RSVB co-infection were significantly less likely to be hospitalized than patients with 
HRV mono-infections (ORmono/co = 2.3; 95% CI 1.1 to 4.7; P = 0.028). Additionally, 
HRV - ADVC co-infected children were less likely to be hospitalized than either HRV 
(ORmono/co = 3.3; 95% CI 1.6 to 6.8; P < 0.001) or ADVC (ORmono/co = 1.9; 95% CI 1.1 to 
3.2; P = 0.024) mono-infected children. Regardless of the infecting virus, children were 
less likely to be hospitalized than similarly-infected adults.

Conclusion: Respiratory viral co-infections are largely a pediatric phenomenon. 
Select viral pairings occur more often than predicted by our model, many of which are 
associated with altered severity of resultant disease.
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