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            Abstract
Since 2012, the United States of America has experienced a biennial spike in pediatric acute flaccid myelitis (AFM)1,2,3,4,5,6. Epidemiologic evidence suggests non-polio enteroviruses (EVs) are a potential etiology, yet EV RNA is rarely detected in cerebrospinal fluid (CSF)2. CSF from children with AFM (n = 42) and other pediatric neurologic disease controls (n = 58) were investigated for intrathecal antiviral antibodies, using a phage display library expressing 481,966 overlapping peptides derived from all known vertebrate and arboviruses (VirScan). Metagenomic next-generation sequencing (mNGS) of AFM CSF RNA (n = 20 cases) was also performed, both unbiased sequencing and with targeted enrichment for EVs. Using VirScan, the viral family significantly enriched by the CSF of AFM cases relative to controls was Picornaviridae, with the most enriched Picornaviridae peptides belonging to the genus Enterovirus (n = 29/42 cases versus 4/58 controls). EV VP1 ELISA confirmed this finding (n = 22/26 cases versus 7/50 controls). mNGS did not detect additional EV RNA. Despite rare detection of EV RNA, pan-viral serology frequently identified high levels of CSF EV-specific antibodies in AFM compared with controls, providing further evidence for a causal role of non-polio EVs in AFM.
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                    Fig. 1: EV immunoreactivity in AFM on a pan-viral phage display assay.[image: ]


Fig. 2: Primary EV antigens identified by pan-viral phage display in AFM.[image: ]


Fig. 3: Independent validation of pan-viral phage display with purified EV VP1 capsid protein.[image: ]
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Extended data

Extended Data Fig. 1 Flow chart depicting patient enrollment by institution.
mNGS with and without FLASH were performed on CSF samples acquired from the CDC (n=14 AFM, n=4 OND, n=2 EV positive controls) and UCSF AFM Cohort (n=6 AFM). Samples from all institutions were tested by VirScan. Due to limited sample, a subset of those tested by VirScan were tested by confirmatory ELISA.


Extended Data Fig. 2 Comparison of VirScan and ELISA.
A comparison of the total amount of enterovirus signal generated by VirScan (x-axis) to the maximum OD generated by either EV-D68 or EV-A71 signal ELISA (greater of the two values shown) for all samples run (n = 26 AFM + 50 OND). The 95% confidence intervals are shaded in grey.


Extended Data Fig. 3 Geographic distribution of cases and controls.
Geographic comparison of cases (blue) and controls (orange) with average EV signal by ELISA (top), average EV signal by VirScan (middle), and total number (bottom).


Extended Data Fig. 4 Season and year of cases and controls.
Season and year comparison for cases (blue) and controls (orange) with average EV signal by ELISA (top), average EV signal by VirScan (middle), and total number (bottom).


Extended Data Fig. 5 Analysis of effect of year and season on enterovirus signal in the OND controls.
EV VirScan (left, n = 54) and EV VP1 ELISA (right, n = 50) for the OND control cohort by year (top) and season (bottom). Bar graphs depict heights as median values with error bars reflecting the interquartile range. Statistics for year were performed with the Mann-Whitney test and for seasons with the Kruskal-Wallis test.


Extended Data Fig. 6 CSF cell count and IgG concentration in cases and controls do not explain EV signal by VirScan or ELISA.
CSF enterovirus antibodies by VirScan a and ELISA are not correlated with the overall amount of CNS inflammation as measured by the CSF cell count (panel A) or CSF IgG (panel B) in a subset of patients. The 95% confidence intervals for each measurement are shaded in blue (ELISA) or red (Virscan). When comparing the concentration of IgG in a subset of AFM cases and OND controls, there was no difference in CSF IgG concentration (p = ns by Mann-Whitney, mean with errors bars showing standard deviation displayed). Two OND CSF IgG values were reported as < 0.9 mg/dL and were conservatively estimated to be 0. Errors bars represent 95% confidence intervals.


Extended Data Fig. 7 Enterovirus antibody enrichment in AFM cases with VirScan is not a reflection of bias in the input library.
Dotplot demonstrating replicate IPs from a typical sample (left panel) correlate with each other but not with the input library (right panel). Values plotted are log10 of the raw rpK values + 1. The sum of the signal at each point on the axes is expressed as a barplot on the axes of the graph.


Extended Data Fig. 8 Strain calling by ELISA versus VirScan.
ELISA and VirScan data from subjects with EV-A71 or EV-D68 detected by RT-PCR in either CSF, stool or respiratory fluid. Top panels with strain-specific VP1 ELISA data from EV-A71 (n = 8, red) and EV-D68 (n = 3, blue) patients show cross reactivity. Bottom panels show VirScan data from known EV-A71 (n = 9, red) and EV-D68 (n = 7, blue) patients. EV-A and EV-D signals were generated by summing the total rpK generated against EV-A and EV-D derived peptides within a sample.


Extended Data Fig. 9 Enterovirus species per-subject heatmap.
VirScan enterovirus signal in each subject demonstrating enrichment for a cross-reactive EV signal in the AFM subjects (left) as compared with OND subjects (right). Signal represents the log2 of the subject’s EV rpK value divided by the mean rpK value in the OND subjects for each EV species. To increase clarity, values below 3 are not shown.
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