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3Materials and Methods

Study Design
We performed a comparative evolutionary analysis on monthly verified cases of HCoV-NL63, HCoV-229E, 
HCoV-HKU1, and HCoV-OC43 infection within populations across the globe. We applied ancestral and descen-
dent states analyses on reconstructions of the evolutionary history of human-infecting coronaviruses to estimate 
the expected annual changes in cases at different geographic locales. These analyses provide a global-scale 
projection of the likely global changes of endemic seasonality for SARS-CoV-2. 

Data acquisition
Phylogenetic tree topologies—Phylogenetic relationships of SARS-CoV-2 and the endemic human-infecting 
coronaviruses were based on data from 58 Alphacoronavirus, 105 Betacoronavirus, 11 Deltacoronavirus, and 
three Gammacoronavirus as analyzed in Townsend et al. (in press); Fig. 1A). These estimates of the phyloge-
netic topology were consistent with previous hypotheses of evolutionary relationships among coronaviruses 
(1–5)and were congruent across multiple methods of inference with strong (100% bootstrap) support for all 
nodes. Tree topologies were inferred by multiple maximum-likelihood (ML) analyses of the concatenated DNA 
sequence alignment, and results were robust to alternative phylogenetic likelihood search algorithms—IQ-
TREE v2.0.6 (6) and RAxML v7.2.8 (7)—and to branch-length differences arising from different approaches 
to divergence time estimation—IQ-TREE v2.0.6 (6), Relative Times (RelTime; 8) in MEGA X v10.1.9 (9) and 
TreeTime v0.7.6 (10)—and to a potential history of recombination among or within genes, through phylogenet-
ic analyses using an alignment of the putative non-recombining blocks (11). All trees from Townsend et al (in 
press) were pruned of SARS-CoV-1 and MERS-CoV branches because temporal trends of infection by these 
viruses reflect short-term outbreaks and not seasonal endemic circulation.

Seasonal infection data—We conducted a literature search using the PubMed and Google Scholar databases 
searching for terms related to coronavirus, seasonality, and the known seasonalendemic human-infecting coro-
naviruses (HCoV-NL63, HCoV-229E, HCoV-HKU1, and HCoV-OC43). Searches were conducted in English 
between October 2020–August 2021, using the names of each coronavirus lineage as a key term in addition to 
all combinations of: coronavirus, seasonality, environmental, incidence, infection, prevalence, latitude, tem-
perature, humidity, weather, global, cases—with no language restrictions imposed. Seasonal infection data were 
extracted from published, peer-reviewed research papers that reported monthly or finer seasonal case data for 
three or more coronaviruses, spanning at least one year.

Estimating the seasonality of SARS-CoV-2
To estimate the seasonality of infections by SARS-CoV-2, we first extracted the average numbers of cases per 
month testing positive for HCoV-NL63, -229E, -HKU1, and -OC43 for each location. We scaled these case 
counts by the annual total to yield proportions of the cases sampled in each month. We then performed a phylo-
genetically informed ancestral and descendent states analysis, executing Rphylopars v0.2.12 (17) on the month-
ly proportions of cases to estimate the proportion of yearly infection by SARS-CoV-2 each month for each 
location, executing Rphylopars v0.2.12 (17) on the monthly proportions of cases. This approach takes known 
trait values (here, monthly proportions of cases for endemic coronaviruses) and applies a Brownian model of 
trait evolution and a phylogeny to estimate unobserved trait values for a taxon or taxa, providing best linear un-
biased predictions that are mathematically equivalent to universal kriging (Gaussian process regression). Phylo-
genetic ancestral and descendent analyses were repeated across all topologies resulting from different inference 
approaches (molecular trees, relative phylogenetic chronograms, and non-recombinant alignment) to assess the 
impact of phylogenetic inference methods on our estimation of seasonality.
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