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population density map, as described in our paper.  Upon inspection of these files, we further 
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(‘distance_popdensityagegroups_null_155.csv’), was 10,000 rather than the n = 1000 used for all 
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statistical tests involving them.  All results remained the same as previously reported: p < 0.001 

and p-Adjusted (BH) = 0.003 for each of the corrected ‘distance_popdensityagegroups_null_35. 

csv’, ‘distance_popdensityagegroups_null_120. csv’, and 

distance_popdensityagegroups_null_155.csv’ (see table S4). We have uploaded the three 

corrected files to our GitHub repository and archived the updated repository on Zenodo 

(https://doi.org/10.5281/zenodo.7887816). 
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Materials and Methods
Ethics Statement
This research was reviewed by the Human Subject Protection Program at the University of Arizona and
the Institutional Review Board at The Scripps Research Institute and determined to be exempt from IRB
approval because it constitutes secondary research for which consent is not required.

Sources of data
COVID-19 case data from December of 2019. The COVID-19 case data we consider here is that reported
in the WHO mission report (7). These are all individuals that were hospitalized and notified to China’s
national disease surveillance system by hospitals in Wuhan during the early phase of the epidemic.
Importantly, they are included as “December” cases based on their date of COVID-19 symptom onset, not
their date of hospitalization.

Population density data from Wuhan, China. The dataset used for population density was downloaded
from worldpop.org: China population 2020: constrained 100 m resolution: projection WGS84: Geotiff
format: constrained datasets. This estimates population densities only within areas mapped as containing
built settlements (54). The Geotiff file was imported directly to R and cropped to the administrative
boundaries of Wuhan, using a shapefile downloaded from
https://data.humdata.org/dataset/china-administrative-boundaries. The worldpop.org data gives an
estimate of the number of people per pixel, with each pixel representing a 100 m by 100 m square defined
by its center point. The resulting raster file for the Wuhan province has a total of 494,676 pixels. This
raster file was transformed into a pixel image, from which the coordinates and values of each pixel were
extracted.

To generate a population density data set of Wuhan that was age-matched to the December 2019
COVID-19 cases (for which age data were available in ten-year age bins), we downloaded worldpop.org
datasets for population density by age and gender for 2020. These datasets are grouped in 5 year age
intervals for male and female populations in Geotiff format: 100 m resolution; projection WGS84.
Following the same methodology described above, these raster files were used to extract the coordinates
and pixel values of each point. The datasets were merged to have population density data in 10 year
intervals for both male and female populations to match the case data. To merge the datasets, first we
verified that all the points’ coordinates matched each other. Then, the pixel values for each point were
added across all of the datasets to be merged. Population density null distributions were generated by
sampling the different age groups in the same proportions as those reported by WHO for the December
COVID-19 cases: 5.75% of the cases were sampled from the 80 and older age group population density
data, 12.64% were sampled from the 70-80 age group population density data, 23.56% were sampled
from the 60-70 age group population density data, 25.29% were sampled from the 50-60 age group

https://paperpile.com/c/ZclLSR/gUCB5
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population density data, 21.84% were sampled from 40-50 age group population density data, 7.47% were
sampled from the 30-40 age group population density data and 3.45% were sampled from the 20-30 age
group population density data.

COVID-19 case data from January and February of 2020. Geotagged Weibo COVID-19 help seekers’
location data were shared with us by the authors (26) and consisted of 737 points defined by latitude and
longitude. These were from users of a Weibo app designed for COVID-19 patients seeking medical
information on the disease.

Wildlife data. The data on the sales of wildlife at the Huanan market come from the study described in
reference (8).

Extraction of December 2019 COVID-19 case locations
Geographical coordinates were not available for the residential locations of the 174 cases in Hubei
province, China reported by the WHO mission to have had COVID-19 symptom onset in 2019 (all in
December) (7). We therefore extracted locations from the 2-dimensional location data within the maps
available in the WHO mission report and its annexes (7) using the following approach: We started with
(1) Fig. 4 on page 148, Annex E of the WHO mission report (fig. S1, this study), which depicts the spatial
distribution of 164 cases living in Wuhan by residential location, along with information on whether each
case was epidemiologically linked to the Huanan market, and (2) a map of Wuhan adapted from one
generated by us during an earlier study (42) (fig. S2). We gratefully acknowledge that data used to create
that map of Wuhan was acquired from OpenStreetMap®, which is licensed under the Open Data
Commons Open Database License (ODbL) by the OpenStreetMap Foundation (OSMF),
©OpenStreetMap contributors (https://www.openstreetmap.org/copyright).

We then overlaid these two maps in Adobe Illustrator v25.4.1 (fig. S3) using the borders of
Wuhan in each map to achieve a close overlap. While isolated case locations were easily discerned in
WHO Figure 4 of Annex E, many were located in areas of high density. Moreover, the large circles used
to indicate each residential location, with a diameter of approximately 2 km, plus the low resolution of the
map, meant that many circles overlapped each other and could not be individually identified. Almost all
other case maps in the WHO mission report had similarly large case markers and low resolution. Figure
23 on page 44 of the main WHO mission report (fig. S4, this study) was the exception and appeared to
resolve cases better than other figures in the report, but it lacked borders of the city or other clear points of
reference to use for reverse engineering the map’s visual information into numerical coordinates.

We noticed, however, that we could overlay in Illustrator the more precise and higher resolution
case location markers of the WHO report’s Fig. 23 with the larger case location markers of WHO Fig. 4
such that the smaller markers were clearly placed in the center of the larger markers (fig. S5). This
allowed us to combine the precision of WHO Fig. 23 with the points of the reference along the Wuhan
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border in WHO Fig. 4 and thereby use WHO Fig. 4 as a bridge between WHO Fig. 23 and the OSM map.
This revealed that the WHO Figure 23 circles had diameters of roughly 250 m.

Next, we used WebPlotDigitizer v4.5 (Ankit Rohatgi; https://automeris.io/WebPlotDigitizer) to
reverse engineer the case locations on the map in fig. S5 and extract the underlying numerical data
(latitude and longitude for each point). We used the map locations and longitude and latitude of the
Huanan market [114.2576, 30.6196] and a point along the northeast border of Wuhan [114.9747, 31.0285]
to define two X-axis and two Y-axis reference points (fig. S6). We then marked each case in
WebPlotDigitizer, starting with the 124 central points in fig. S7, then moving to the more peripheral
locations where individual locations on WHO Fig. 4, with its ~2 km diameter markers, were easily
distinguishable. The inset in the top right of fig. S7 shows a closeup of locations marked in
WebPlotDigitizer where the halo of dark blue around each red location marker is the roughly 250
m-diameter location marker of each point from WHO Fig. 23. It is evident that the placement of the red
markers using our approach likely generally introduces less than about 50 m of error.

Once all COVID-19 cases locations were marked, we converted the points into latitudes and
longitudes in .csv format, using the reference points. We further annotated this file with information from
(1) Figure 6 on page 78 of the main WHO mission report (7), which allowed us to discern the location of
eleven lineage B cases and one lineage A case, and (2) Annex E Figure 17 (page 156), which allowed us
to discern the locations of six family clusters. We assumed that each cluster involved two individuals (fig.
S8). We also annotated the file to include, for the cases where such information was obtainable from
WHO Fig. 23, whether a case was laboratory confirmed or clinically diagnosed.

Cases were to some extent obscured in the region closest to the Huanan market because of a high
density of plotted locations even in the highest-resolution map in the WHO mission report (WHO Figure
23) - circles marking individual cases in some instances overlapped one another. Nevertheless, we
recovered 155 of the 164 cases depicted in WHO Annex E Figure 4. The nine cases for which we were
not able to extract a location therefore likely lie in the high case density area near the Huanan market.

Analyses of distances to the Huanan market
The spatial analyses below assume the possibility that indirect interactions between local residents and the
Huanan market and its workers – for example at neighborhood stores, clinics, hospitals, schools,
restaurants and other business as well as with other infected locals – could have led to initial foci of
transmission in the residential areas immediately surrounding the market. Cases from an early point
would not be restricted to these neighborhoods, but we hypothesized that if case location data came from
an early enough time point in the outbreak, the geographical signal of the point source may not yet have
been obscured. It is clear from time series data not considered here that such a diffusion process did occur
generally from central Wuhan to more outlying areas (42).

Haversine distances to the Huanan market (30.61955, 114.25738) were calculated for each of the
155 December 2019 cases. The median distance from cases to the Huanan market was calculated

https://automeris.io/WebPlotDigitizer
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separately for (1) all 155 cases, (2) the 35 cases epidemiologically linked to the Huanan market, (3) for
the 120 cases not epidemiologically linked to the market, (4) the eleven lineage B cases, and (5) the two
lineage A cases and (6) a single lineage A case. We used medians rather than means for our analyses so as
to not give undue influence to outliers like those that can be seen in fig. S8. The lineage A cases were
looked into both as a pair and as a single case because the non-hotel case is known to not be subject to
ascertainment bias as it was recognized by Dr. Zhang Jixian at Xinhua Hospital before any notion of a
connection of COVID-19 to the Huanan market existed (5) (see Lineage ‘A’ and ‘B’ case locations,
below).

For the age-matched Wuhan population density data, the weighted median haversine distance to
the Huanan market was calculated, with the weights assigned to each point being the pixel value of each
point, which represents the population density for the 100 m by 100 m square with that point at its center.
We also calculated the median haversine distance of the 737 Weibo help seekers from 8 January to 10
February 2020 (26).

To test whether the December cases were closer to the Huanan market than expected, null
distributions were generated from the population density data and the Weibo data, with sample sizes
matching the six groups of cases listed above for the December cases. For the population density data,
sampling weights were assigned to each point, the weight being the pixel value, such that points
representing higher population densities had a correspondingly higher probability of being sampled. For
the population density nulls, 5.75% of the cases were sampled from the 80 and older age group population
density data, 12.64% were sampled from the 70-80 age group population density data, 23.56% were
sampled from the 60-70 age group population density data, 25.29% were sampled from the 50-60 age
group population density data, 21.84% were sampled from 40-50 age group population density data,
7.47% were sampled from the 30-40 age group population density data and 3.45% were sampled from the
20-30 age group population density data. As noted, these percentages correspond to the percentage of
December COVID-19 cases in each age group in WHO cases we analyze in this study.

For the lineage B eleven cases, the two lineage A cases and the single lineage A case the sample
size was too small to accurately sample the corresponding percentages of cases from each age group
population density dataset; an additional population density data set was generated by merging the seven
age groups’ population density data sets. To merge them, the pixel values from each point were added
throughout all the different age groups, before adding each pixel value, they were assigned a weight
corresponding to the proportion of cases from this age group that we would expect to sample. This weight
was simply the proportion of early December cases that came from that age group. For each point in each
pseudoreplicate the Haversine distance to Huanan was calculated, and the median or mean distance to
Huanan was calculated for each pseudoreplicate. The median (or mean for n=2) distance between all the
early December cases (n=155), the cases epidemiologically linked to the Huanan market (n=35), the cases
not epidemiologically linked to the market (n=120), the lineage B cases linked to the market (n=11), and
the lineage A cases (n=2) (as well as one of those lineage A cases analyzed on its own as a special case

https://paperpile.com/c/ZclLSR/Q3VVQ
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because it could not possibly have been subject to ascertainment bias) were compared to these null
distributions. In the case of the single lineage A case and its corresponding null, instead of comparing
median distances of each pseudoreplicate, this single distance was compared to the distance to Huanan
from 1,000 single points drawn at random from the population density dataset null created with the
methodology described above.

To test whether there was a difference in distance to the market between market-linked versus
unlinked cases, we employed a Wilcoxon rank sum test.

Analyses of centering on the Huanan market
As a central tendency measure for groups of locations (e.g. the 155 COVID-19 cases locations from
December 2019) we chose the coordinate-wise median latitude and longitude in order to reduce the
influence of outliers (for convenience we refer to these as ‘center-points’). Center-points were determined
for the six groupings of December COVID-19 cases listed in the section above, as well as for the
population density data (worldpop.org) and the Weibo data (26). The Haversine distance between each
resulting center-point and Huanan market was obtained. The population density center-point was
estimated by taking the weighted median latitude and weighted median longitude of the population
density dataset, assigning the pixel values as the weights, while the center-point of the Weibo data (26)
was defined by the median of the 737 latitudes and the median of the 737 longitudes.

Significance testing of the distance between the December center-points and the Huanan market
compared to the null distributions was based on random samples (with replacement) of 1,000,000 points
from the population density data (weighted). The 1,000,000 points were sampled from each population
density age group, in the percentages mentioned above, which match the percentage of early December
cases in each age group. 1,000,000 points were also sampled with replacement from the Weibo data (26).
The Haversine distance to the Huanan market was calculated for each of these 1,000,000 points and these
distances were compared to the distance to Huanan from the different center-points of each set of
December cases (all cases, Huanan market-linked cases, or Huanan market-unlinked cases). These
center-points represent plausible starting points of the COVID-19 epidemic in Wuhan, insofar as the
center-point of early cases might reflect the starting point of the epidemic.

To further examine the distribution of December cases in relation to the Huanan market, kernel
density estimates (KDEs) were generated for the market-linked cases, unlinked-cases and all cases, to
infer a probability density function (PDF) from which the cases could have been drawn (function ‘kde’,
package ‘ks’ version 1.13.4, R version 4.1.3, using default bandwidth selector). Contours representing
specific probability masses (0.5, 0.25, 0.1, 0.05, and 0.01) were inferred and the location of the market
compared to these. These contours contain the peak density with an increasingly small proportion of the
total probability mass. Thus for the P=0.01 contour, a location drawn at random from the PDF is nearly
100-fold more likely to fall outside this contour than inside it and thus, if it does fall inside it is very
unlikely to be this close to the peak density by chance.

https://paperpile.com/c/ZclLSR/ghTbB
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December COVID-19 cases sensitivity analyses
We implemented an approach to investigate how robust the results of our geocoding analyses were to
possible errors in locations extracted from the WHO mission report maps. As shown in figs. S1 to S7, we
were able to reliably ascertain coordinates of points marked on maps in the WHO mision report, likely to
within approximately 50 m. To explore how robust the results of our statistical analyses were to
uncertainty in geocoded locations, we resampled each point randomly from anywhere within a circle of
radius 1000 m, centered on our geocoded location. In other words, for each of the 155 points in our
December COVID-19 case location data set, we introduced noise such that its location in sensitivity
analyses could be up to 1 km from where we had placed it. We performed 1,000 iterations of adding noise
in this way and ran the sensitivity analyses for all cases (n=155), for the Huanan market-linked cases only
(n=35) and for the Huanan-market-unlinked cases only (n=120) (fig. S9).

We further examined the sensitivity of our analyses to both location “noise” and, simultaneously,
to missing data. There were nine cases for which we were not able to extract a location, and these were
likely from the region closest to the Huanan market, with a high density of plotted (and therefore likely
overlapping) locations. To assess the impact of the missing data, we uniformly sampled nine additional
locations from the 25% kernel density estimate of the 155 December cases in 1,000 iterations (reflecting
the fact that our location extraction procedure likely missed cases in the high-density area) (see fig. S10).

Finally, we generated 1000 replicates sampling 104 cases from the set of 120 cases not linked to
the Huanan market, to assess whether our results were robust to mis-assignment of some ‘linked’ cases as
‘not linked’ (fig. S11). As described above, we computed the median distance and the center-point
distance to the Huanan market for each iteration and compared the distribution of these statistics to
critical values of the distributions drawn from the Weibo locations and the age-matched worldpop.org
samples. These analyses were performed (i) for the resampled locations, (ii) for the resampled locations
with the additional samples representing missing cases, in both cases for all locations, for the locations of
the cases linked to the Huanan market, and for the cases not linked to the Huanan market, and (iii) for the
104 sub-sampled cases not linked to the Huanan market.

Tolerance contour analysis
We studied variations in relative risk, r(z) = f(z)/g(z), at each position z, where f(z) is the density of the
test distribution, and g(z) is the density of the control distribution. We explicitly tested the null hypothesis
H0: r(z) = 1, against an alternative hypothesis of increased relative risk, H1: r(z) > 1. Using an asymptotic
p-value computation (shown to be more robust than a Monte Carlo approach) (55), we calculated and
plotted contours corresponding to significant values of P(z), a pointwise estimate of statistical
significance. For bandwidth estimation, we performed least squares cross validation on points within the
same rectangular region as in Fig. 1C (Latitude:[30.4433,30.7466], Longitude:[114.0875,114.4741]),
which contains more than 92% (143 out of 155) of all early cases.

Lineage ‘A’ and ‘B’ case locations

https://paperpile.com/c/ZclLSR/SK4AF


We linked SARS-CoV-2 genome lineage information (‘A’ or ‘B’) (30) and residential location for twelve
COVID-19 cases among the 155 from December 2019 for which we extracted locations - 11 lineage B
(ten linked to the Huanan market and 1 unlinked) and one lineage A (fig. S8). Because we had earlier
determined the location of the single lineage A virus (5) among the thirteen December cases for which
genomic information was reported by the WHO mission report (7) (of which we were able to link twelve
to particular cases) we were certain that the remaining eleven cases had been infected by lineage B.
Location information was also available for one additional lineage A case with COVID-19 onset in 2019:
virus ‘Wuhan/WH04/2020’. This individual had stayed at a hotel near the Huanan market for the five
days before fever onset (32). These are the two earliest-onset lineage A cases currently reported, and the
eleven lineage B genomes are among the twelve earliest lineage B genomes. To investigate the
distribution of hotels near the Huanan market, we plotted the distance from the market to the twenty
nearest hotels using Bing Maps (table S1) and found that all were closer than 500 m. However, to be
conservative, we assigned a distance-to-market for the hotel lineage A case of 2.31 km, equal to that of
the other lineage A case in our data set. We treated this as comparable to a distance from a residential
location to the Huanan market given the timing of the stay prior to symptom onset.

Robustness of statistical test results to possible ascertainment bias
To test the robustness of our results to the possibility of ascertainment bias, we took the following
approach. For December 2019 COVID-19 cases (both ‘all cases’ and ‘unlinked cases’) we tested how
many cases, starting with the one closest to the Huanan market and proceeding to the next closest, could
be eliminated before losing statistical significance at the α=0.05 level. Null distributions were generated
from the population density data sets for the different age groups. Each age group population density data
set was sampled in the same proportion as the ages of the early December cases reported by WHO
mission report. The new median distance to Huanan after removing the cases nearest to the market was
tested against these null distributions to obtain p-values. For the ‘all cases’ data set (n=155) the 98 nearest
cases to the market could be removed without losing statistical significance (p=0.024). Significance was
lost when removing the 99 nearest cases to the market (p=0.069). For the ‘unlinked cases’ (n=120) the 81
cases nearest to the market could be removed without losing statistical significance (p=0.045).
Significance was lost when removing the 82 nearest cases to the market (p=0.088). The center-point of
the cases was also calculated after removing the nearest cases to Huanan, from the 155 cases up to 38
cases could be removed without losing statistical significance (p=0.048), significance is lost when
removing 39 cases (p=0.052). For the 120 cases unlinked to the market up to 36 cases can be removed
without losing statistical significance (p=0.05), significance is lost when removing 37 cases (p=0.051).

Floorplan of the Huanan market.
Two maps of the internal arrangement of stalls in the Huanan Market are available: The CCDC map (12)
(data S1) and the WHO map (7). While the two maps agree on key features, including the general
arrangement of the stalls, neither map is drawn to scale. The internal location of stalls in the Huanan
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Market for our study was discerned through detailed analysis of satellite photographs (Google Maps,
Google Earth, Baidu Maps), aerial photographs, and other images of the market. Use of Baidu Total View,
which displays interactive panoramic images at street level, allowed for construction of an accurate
detailed internal map of the locations of individual stalls. The outlines of the eastern and western sections
of the market were traced from Google Maps using Adobe Illustrator. Locations of the key internal
structural elements of the main areas of the Market, the vertical pillars, were determined from Total View
images and other photographs then mapped onto the external walls of the eastern and western sections of
the market. The western part of the market is approximately 70 meters wide, with pillars spaced an
average of 8.75 meters apart (9 pillars per street), and the pillars along the main market building span
about 126 meters, with pillars spaced about 9 meters apart (15 pillars total). Stalls on the north side of the
canopy are supported by smaller metal pillars and are spread over the full market width of 70 meters and
are each 6 meters deep. Additional stalls and storage units in the West market parking lot were not
included, as they were not studied by either the CCDC or the WHO mission report. The eastern part of the
market is approximately 92 meters at its widest, and the main building is approximately 90 meters long
(supported by a series of 15 pillars). Distances were all confirmed using Google Earth’s measurement
tool. The panoramic images of Baidu Total View were then used to map the location of individual
numbered walkways (“streets”) throughout the market; major vehicle passages; and the dimensions of
other major structures, such as the canopy in the eastern section of the market.

We also cross-checked our conclusions with an independent researcher’s collation covering much
of the same information (http://babarlelephant.free-hoster.net/visiting-the-wuhan-seafood-market courtesy
of @babarlelephant). The map was then converted into geojson format for spatial analyses.

Analysis of environmental samples in the Huanan market
The location and quantity of positive environmental samples were taken directly from the CCDC map
(12) (data S1), with the exception of two positive businesses in the southwest corner of the market that
were only noted on the WHO map (7). Locations of known live animal vendors, cases, as well as
businesses with no positive environmental samples were obtained from the WHO map (7). Testing of the
significance of live animal vendors and/or human SARS-CoV-2 cases on the number of positive
environmental samples found in a business was performed using a binomial GLM available in the ‘stats’
package in R. Distances between businesses were defined as the distance between their respective
center-points. Spatial relative risk analysis was performed using the ‘sparr’ package in R, using linear
boundary kernels for edge correction (52), with bandwidth selection performed using least squares
cross-validation. Tolerance contours were calculated using the same robust asymptotic approximation
used in Fig. 2C (55). Kernel density estimates of positive environmental sample density as well as
sampled businesses were performed the same bandwidth identified from cross validation in the relative
risk analysis.

http://babarlelephant.free-hoster.net/visiting-the-wuhan-seafood-market/
https://twitter.com/babarlelephant?lang=en
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Market stalls were assigned by categories of the types of goods sold through integration of several
different sources. The WHO mission report(7) identified 10 stalls involved in the trade of live animals
(Appendix F, Table 3). We further obtained names and descriptions of stalls from the TianYanCha.com
business directory (table S8) based on stall addresses within the market. In many cases, business names
and meat products sold were further confirmed through photographic evidence of stalls. Three stalls were
identified as involved in domesticated wildlife sales from an official local forestry bureau fine for their
registered owners for illegal hedgehog sales in summer 2019 (36). One of these two stalls (street 8, 25)
yielded an environmental positive from the interior of a freezer, but was not noted as selling domesticated
wildlife in Figure 2 from the “ANIMAL AND ENVIRONMENT STUDIES” section of the WHO mission
report (7).

Analysis of human cases in Huanan Seafood Market
The location and timing of human cases was taken from the WHO mission report, with the exception of
one case identified by media as well as in recent work. Analysis was performed using the ‘sparr’ package
in R (52). Bandwidth selection for each kernel density estimate was determined by likelihood
cross-validation.

Mobility analysis of the Huanan Seafood Market and potential superspreader sites within the city
of Wuhan
To estimate the relative amount of intra-urban human traffic to the Huanan Seafood Market compared to
other locations within the city of Wuhan, we utilized a location-specific dataset of social media check-ins
in the Sina Visitor System as shared by Li et al. 2015 (33). This dataset is based on 1,491,499 individual
check-in events across the city of Wuhan from the years 2013-2014 (5-6 years before the start of the
COVID-19 pandemic), and 770,521 visits are associated with 312,190 unique user identifiers. We
translated location names and categories to English using a Python API for Google Translate (see “Data
and code availability”). Of the four markets reported to be selling a significant number of SARS-CoV-2
susceptible animals during 2019 (8), we found there had been 120 visitor check-ins to the Huanan
Seafood Market during this time period, at least 81 to the Baishazhou Agricultural Products Market, 4 to
Dijiao Flower and Bird Pet World, and 0 to Qiyimen Fresh Market. Compared to other markets across
Wuhan (translated categories: ‘supermarket’, ‘Convenience Store/Convenience Store’, and ‘shopping
mall’), we found at least 70 other markets throughout the city of Wuhan that received more visitors than
the Huanan Seafood Market (see “Data and code availability”) (fig. S12).

Beyond markets, we found at least 1,676 total locations in Wuhan with more visitors than the
Huanan Seafood Market. However, some high traffic locations may be less predisposed to COVID-19
superspreader events or substantial spread over a longer period than others: to further quantify this, we
utilized a list of known SARS-CoV-2 superspreader locations/events (34) to further subset the following
categories of locations that may serve as potential high-risk locations for superspreader events:
'Residential area', 'College', 'Building', 'shopping mall', 'Hospital', 'Middle school', 'supermarket', 'bar',
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'Convenience Store/Convenience Store', 'Sports place', 'Comprehensive Stadium', 'church', 'Temple',
'primary school', ‘company’. This subset identified another further 430 locations which may be at higher
risk for superspreader events, which received more human visitors than the Huanan Seafood Market. As a
fraction of all social media check-ins to the set of 70 markets described above, the Huanan market
represented (120/98,146) visits or 0.12%; as a fraction of all social media check-ins to the set of 430
locations similar to those of known superspreader events, the Huanan market represented (120/262,233)
or 0.046%. For all four wet markets selling wild animals in Wuhan, these numbers were 206/98,146

(0.21%) and 206/262,233 (0.079%), respectively.

While the potential risk of a location to be the site of an ascertained COVID-19 superspreader
event (SSE) undoubtedly depends on many factors beyond number of visitors, there are no reasons to
believe the Huanan Seafood Market is at an unusually high risk of a SSE compared with several other
locations in Wuhan. COVID-19 cases associated with the Huanan market were not older (and actually
leaned slightly younger) than all December 2019 COVID-19 cases on average (7), indicating the market
population was not excessively elderly. Further, the main entryways to the market were large and open to
the street, indicating a significant degree of airflow through the main thoroughfares.

While the association of social media check-ins and true visitor number likely varies across
different types of sites and is likely subject to demographic biases, for the Huanan market to be even a
remotely likely random location for a superspreader event within the city of Wuhan would require it to be
extremely under-reported in the social media data. The fraction of Huanan market social media visitors
out of social media visitors to all markets was 0.12%, or slightly higher than the number of visitors per
day officials reported to the WHO mission report (10,000) as a fraction of the general Wuhan population
of approximately 11 million (0.09%). Further, the Huanan market specifically received fewer social media
visitors than 2 Walmart stores, 2 Carrefour stores, and 1 RT-Mart store, and does not stand out among
other large wholesale markets in the city.

Furthermore, in light of the strong evidence for independent introductions of lineages A and B,
and the association of both with the Huanan market, these check-in data suggest that independent
introductions of these lineages at the same, relatively seldom visited location in Wuhan, would be
extremely unlikely to occur by happenstance.

Supplementary Text
Results comparing to Weibo empirical distribution, and comparing laboratory confirmed vs
clinically-diagnosed cases
In addition to comparisons of the spatial distribution of the early COVID-19 cases to the age-matched
Wuhan, we further compared these cases with the empirical distribution of Weibo COVID-19 help seekers
from, as a proxy for the distribution of cases within the city during the later phase of the pandemic. We
found that early COVID-19 cases had a significantly closer median distance to the Huanan market than
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Weibo help seekers later in the pandemic. This was true considering all cases (median 4.28 km, p<0.001),
Huanan-unlinked cases (median 4 km; p<0.001), Huanan-linked cases (median 8.3 km; p<0.031), and the
two early lineage A cases (median 1.33 km; p<0.002). Further, the early cases also had significantly
closer geographic center-points to the Huanan market than Weibo help seekers later in the pandemic. This
was also true considering all cases (center-point distance 1.02 km; p<0.015), Huanan-unlinked cases
(center-point distance 0.91 km; p<0.005), and the two early lineage A cases (center-point distance 1.12
km; p<0.009).

The WHO mission report on the origins of SARS-CoV-2 noted that early COVID-19 cases were
either laboratory confirmed (by sequencing, PCR, or serology) or clinically confirmed based on clinical
characteristics. We further tested cases based on each case definition separately and found that both
laboratory confirmed and clinically confirmed cases had significantly closer median and center-point
distances to the Huanan market than the Wuhan general population or the Weibo help seekers.

Laboratory-confirmed cases resided a median of 2.91 km from the Huanan market, while
clinically-diagnosed cases resided a median of 4.67 km away. Both were closer to the market than the
Wuhan population distribution and Weibo distribution (p<0.001 for all four combinations). The
center-point of the laboratory-confirmed cases was 0.32 km from the Huanan market, closer than the
Wuhan population distribution (p=0.0007) and the Weibo cases (p=0.002). The center-point of the
clinically-diagnosed cases was 1.80 km from the Huanan market, closer than the Wuhan population null
distribution (p=0.022) and Weibo data (p=0.038)

All p-values at the 0.05 significance level were still significant after applying the
Benjamini-Hochberg Procedure for multiple hypothesis correction (table S4).

No other location except the Huanan market clearly epidemiologically linked to early COVID-19
cases
No other location in Wuhan was, at the time or retrospectively, identified as being clearly
epidemiologically linked to the December 2019 COVID-19 cases (42). For example, a major transit hub,
the Hankou Railway Station, is located near the Huanan market; but if mass transit was the route of entry
into Wuhan, it would still require the establishment of infection at the Huanan market to be consistent
with the results presented here, and, while numerous early COVID-19 cases where detected among
workers at the Huanan market, none were reported among workers at this station (or any other major
transit hub in Wuhan). Likewise, the Wuhan CDC (WCDC) is very close to the market’s location, but
there was “no storage nor laboratory activities on CoVs or other bat viruses preceding the outbreak” at
that site (7) and no epidemiological evidence of COVID-19 cases linked to the WCDC in December 2019
or earlier (7). Beyond the Huanan market, no other proposed or hypothesized origin has been supported
by data (42, 56).

Animal screening for SARS-CoV-2 in China
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WHO mission members were told (despite known susceptible live animals including raccoon dogs being
mentioned in the agreed terms of reference for the study’s scope) that no unlicensed or live-trapped wild
animals had been for sale at the Huanan market and that “no verified reports of live mammals being sold
around 2019 were found”(7). Notably, none of the live (known to be susceptible) mammals from species
we identify here as present at the Huanan market in November 2019 have been reported to have been
tested for evidence of SARS-CoV-2 infection. The only live mammals ‘from’ the market among the 188
appear to have been animals such as stray cats, dogs, snakes, rabbits, and mice. Indeed, of the 188 animals
tested, 167 were those species or hedgehogs, pigs, chickens, salamanders, crocodiles, turtles, fish or sheep
(7). Only 21 individuals from traded mammalian species likely susceptible to SARS-CoV-2 infection
were tested – but these were dead, of unknown procurement date, and refrigerated or frozen, and therefore
unlikely to be a source of human infection: six “bamboo rat”, six “muntjac”, six “badger”, two “wild
boar” and one “weasel” (7). Some of the wild mammals were screened (negative) for active SARS-CoV-2
infection by qRT-PCR, but a very low number have sampled from Hubei province (57). In addition,
bamboo rats, porcupines, and wild boar from farms in Hubei supplying the Huanan market, sampled
during February and March 2020, also showed no sign of active infection (7). Unfortunately, to our
knowledge, no serological testing was conducted on animals from within the market or from farms
supplying it, nor on farm workers or animal traders in those supply chains. Indeed, both the Huanan
market and the farms in Hubei province that supply it (48) were rapidly shut down before such sampling
occurred. Hence, it is apparent that by the time the Huanan market was closed, and animal sampling at the
market began, the SARS-CoV-2-susceptible live mammals that had been on sale there in the preceding
months (Tables 1 and S5) were no longer present (7).

While >80,000 animal samples were tested and no evidence was found for presence of, or
exposure to, SARS-CoV-2 (7), this is far from conclusive evidence for most animals. The negative
predictive value of the surveys depends on the assumed prevalence. For serology, for instance, if one
assumes a reservoir host in which the virus is endemic, seroprevalence likely is high, but will depend on
the age of the animals and infection dynamics in that particular species. In addition, China is a vast
country, and the possible sources of animals could be over a long distance. Therefore, the catchment area
for surveillance studies is huge (58). Therefore, tracking back along the market supply chain is crucial for
a more targeted effort, as recommended in the WHO mission report (7). In addition, it is possible that a
one-off spillover event occurred on a farm that supplied the market. Such events would be needles in a
haystack that are virtually unresolvable.

A summary of data on the size of the early epidemic within Wuhan
Not until the second week of December 2019 was there a detectable increase in the number of reported
ILI-like cases in Wuhan (WHO mission report, Epidemiology, Figure 1). However, even this increase in
ILI-cases was consistent with an increase in laboratory confirmed Influenza A and B cases, that occurred
primarily in children (see WHO mission report, Epidemiology, Figure 2C) until the last two weeks of
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December, when an increase in adult ILI-cases was also observed. Consistent with this, retrospective
testing of 640 throat swabs collected at the Children’s Hospital of Wuhan and Wuhan No. 1 Hospital from
Oct 6 2019 to January 21 2020 only identified nine positive SARS-CoV-2 samples, the earliest of which
had reported symptom onset of January 4th, 2020 (59). Meanwhile, 22% of these cases tested positive for
Influenza. A further 2334 throat swabs from the Wuhan Tongji hospital system and 218 throat swabs from
Wuhan Union Hospital, collected in Oct-Dec 2019, were additionally retrospectively tested and found to
all be RT-PCR negative for SARS-CoV-2 (see WHO mission report, Review of Stored Biological
Samples Testing). Furthermore, travel cases exported from Wuhan can also be used to estimate the
number of infections within the city during the early phase of the epidemic. Out of 117 influenza-like
illness cases who traveled from Wuhan to Hong Kong from Dec-31-2019 to Jan-21-202, only 1 (0.9%)
was positive for SARS-CoV-2, while 36.3% were positive for seasonal influenza (60). Of 2164 blood
donations within the city of Wuhan that were collected before January 23 and retrospectively tested for
SARS-CoV-2 antibodies, only one sample, from January 20, 2020, was confirmed to be SARS-CoV-2
seropositive (44), providing further evidence that the epidemic was still limited in size by early to mid
January 2020. Similarly, 2058 plasma samples collected from patients at Tongji Hospital in Wuhan
between July and December 2019 were tested for SARS-CoV-2 antibodies, and all were found to be
negative (see WHO mission report, Review of Stored Biological Samples Testing). Excess all-mortality
and pneumonia deaths, a lagging but robust signal of COVID-19 cases resilient to possible reporting
issues, only exceeded rates of previous years in Wuhan by the week of Jan-14-2020, consistent with an
epidemic growing substantially in size only from the end of December 2019, and a 17 day median time
from onset of illness to death for COVID-19 (see WHO mission report, Epidemiology, Figure 12).

Additional data related to case ascertainment biases
We investigated the possibility of whether ascertainment biases in case identification could alternatively
have shaped the geographic distribution of early cases throughout the city of Wuhan. In particular, three
possible ascertainment biases are (i) a direct ascertainment bias towards the Huanan market, where cases
were directly diagnosed based on their reported direct contact with the market, (ii) a path-dependent
contact tracing ascertainment bias, where cases unlinked to the market were identified primarily through
contact tracing of cases linked to the market, and (iii) a geographic ascertainment bias, where cases
unlinked to the market were identified primarily through selective reporting by hospitals or by selective
case reporting based on residential addresses. First, we note that the strong geographic association
between unlinked early cases and the Huanan seafood market, which cannot be explained by the
demographics of the city of Wuhan, importantly cannot be explained by a direct market ascertainment
bias, as no market link for these cases was ever ascertained. We further identified several data points
inconsistent with a significant impact of either contact tracing or geographic ascertainment biases on the
early case data, summarized below.
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Districts near the Huanan seafood market had elevated seropositivity in a retrospective analysis. If
COVID-19 cases were overreported in neighborhoods close to the Huanan seafood market, we would
expect a discrepancy between the number of reported cases and seropositivity by neighborhood
(neighborhoods around Huanan market would have low seropositivity despite their high reported case
numbers). However, a retrospective serosurveillance study (40) in April 2020 reported that the district
where the Huanan seafood market resides (Jianghan) and the adjacent districts north of the Yangtze river
(Jiang’an and Qiaokou) had higher rates of seropositivity compared to districts south of the Yangtze river
(Hongshan, Wuchang, and Qingshan), consistent with the districts adjacent to the Huanan seafood market
being characterized by earlier and therefore larger epidemic curves (table S3). Seropositivity by district
correlated well with the number of reported cases per capita for each district by March 2020, giving no
indication of case overreporting in districts near the Huanan seafood market or underreporting in districts
south of the Yangtze river or elsewhere in the city (40); (table S3). A separate serosurvey of the city
reported similar results (41) (table S3). Excess COVID-19 deaths (61) and deaths due to all pneumonia
(WHO mission report, Figure 21) were also first elevated in the districts north of the Yangtze river near
the Huanan seafood market by mid-January, 2020.

Retrospective ILI-testing for SARS-CoV-2 also identified early patients living near Huanan market. A
retrospective analysis of 640 throat swabs collected at two hospitals in Wuhan from Oct 6 2019 to Jan 21,
2020 identified 9 SARS-CoV-2 positive samples (59), with dates of onset Jan 4 to Jan 20th. Seven of
these patients lived within the boundaries of Wuhan city, and all 7 of the early JanuarySARS-CoV-2
positive patients lived north of the Yangtze river in Jianghan district or adjacent districts.

Reported cases not directly linked to Huanan market lived significantly closer to the market than linked
cases. If cases with no identified link to Huanan market were primarily ascertained through contact
tracing of personal contacts of Huanan-linked cases (a path dependent ascertainment bias), they would be
expected to have a similar geographic distribution as cases linked to the market. On the contrary, we note
that on average they lived closer to the market (4.00 vs 5.74km, p=0.029). This pattern is thus better
explained if the primary risk factor for linked cases was their place of work, while the primary risk factor
for unlinked cases was proximity to the market and community spread starting at the market.

Publications reporting on early cases do not utilize case criteria dependent upon market links. We
identified four studies that first reported on cohorts of cases with timing of onset in December 2019 (table
S2). Only one of these papers (62) reported an epidemiological criteria in their case definition. This
criterion was secondary to clinical characteristics, as they included patients with only 3/4 clinical
characteristics if they also had a link to the Huanan Seafood Market. None of the studies reported case
definitions or patient inclusion based on their neighborhood of origin or patient area of residence within
the city of Wuhan, and thus none of these case definitions could directly influence a geographic
association of officially unlinked cases with the market. Chen et al. (39), describing a cohort of patients
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moved to Jinyintan Hospital for isolation, reported that “adult patients were admitted centrally to the
hospital from the whole of Wuhan without selectivity” [emphasis ours] and also affirmed that their data
had been shared with the WHO.

Both clinically confirmed cases and laboratory confirmed cases were geographically centered around the
market. If direct or indirect market-associated epidemiological criteria heavily influenced the “clinical
diagnosis” case definition used in the WHO mission report, then we might expect that the laboratory
confirmed cases would have a strikingly different spatial distribution. However, we have updated our
analysis to confirm that cases identified under both definitions are geographically associated with the
Huanan seafood market. (See section “Results comparing to Weibo empirical distribution, and
comparing laboratory confirmed versus clinically-diagnosed cases”, above.)

Both early viral lineages A and B were observed in proximity and directly connected to the Huanan
market. If the majority of sequenced early SARS-CoV-2 cases were subject to a strong path dependency
ascertainment bias in relation to the Huanan market, then we would not expect to observe the ancestral
viral genotypes in patients and environmental samples with connection to the market. Rather, we would
expect to observe these genotypes and their descendants in at least a few patients without connection to
the market. We would primarily expect samples with connection to the market to be descendant lineages.
However, genomes of SARS-CoV-2 lineages A and B — the two lineages that were likely introduced into
humans separately (38) — have been epidemiologically linked to the market, both in this work, and via
direct environmental sequencing (24).

Hospitals reporting early cases were distributed throughout the city of Wuhan. One mechanism by which
a geographic ascertainment bias could arise is if there was significant selective reporting of cases in
hospitals adjacent to the Huanan seafood market, and patients tended only to visit hospitals near their
home. However, early cases were reported by several hospitals scattered throughout the city (fig. S11).
Some of these hospitals were further from the Huanan market than the mean distance of case residential
addresses to the market. In addition, Chen et al. (63) reported that cases were sent to Jinyintan Hospital
from the whole of Wuhan “without selectivity”. Therefore, the geographic association of the residential
addresses of reported cases with the Huanan seafood market was not due to hospital proximity.

On 29 December 2019, the first day public health officials learned of a possible association of COVID-19
cases with the Huanan market, they simultaneously learned of cases not only at Xinhua Hospital, near the
Huanan market, but also Tongji and Union Hospitals, far to the south. There appears to have been no
period of time when public health officials could have selectively searched only in hospitals near the
market for cases linked to the Huanan market; they knew linked cases were being found further afield as
well. Indeed, Wuhan CDC was alerted to the outbreak of unexplained pneumonia and its association with
the Huanan market by a vice president of Xinhua Hospital (fairly near the market) whose tipping point
appears to have involved learning about Huanan market-linked cases at hospitals many kilometers from
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the market: “Upon learning of similar patients, also linked to Huanan Market, at Tongji and Union
(Xiehe) Hospitals, Xia alerted the Wuhan and Hubei CDCs on 29 December” (5).

This is ‘all-hospital’ search, moreover, is reflected in an internal communication from the Wuhan
Municipal Health Commission to all hospitals in Wuhan the very next day, on Dec 30, and in the
follow-up announcement on 3 January 2020 for hospitals be on the lookout for unexplained pneumonia in
any patient, not just ones with a link to the Huanan market. Accordingly, by 3 January, it is clear that the
major hospital in Wuchang district, Zhongnan Hospital, was detecting both Huanan-linked and unlinked
cases (5). And even though it was far from the market, of the first trickle of cases identified at this
hospital, two were linked to the Huanan market, with the other three being a family cluster. The facts that
initial cases at this major hospital, distal from the market (1) lagged considerably behind those at hospitals
closer to the Huanan market (7 at Xinhua Hospital by 29 December and 7 at Wuhan Central Hospital
Houhu Branch by 28 December (5)) and (2) nevertheless involved large proportion linked to the Huanan
market, provide further evidence that the outbreak indeed started at the Huanan market then spread into
the wider Wuhan community from there.

All the cases we consider in this study were hospitalized and, therefore, were likely ascertained in
hospitals rather than in the community. It is possible that public health officials could have identified
previously undiagnosed individuals in hospitals via contact tracing from Huanan-linked cases (i.e.,
patients that clinicians had not yet identified as unexplained pneumonia cases linked to the outbreak, but
which public health officials had traced from other, previously identified, pneumonia patients). However,
as pointed out above, the different geographic distribution of cases unlinked to the market (they lived
closer to market) than those linked to the market argues persuasively against ascertainment bias in the
detection of those unlinked cases; we would expect the unlinked cases to be drawn from a similar
geographic distribution as the linked cases if they had been ascertained through contact tracing. So, could
those unlinked cases have been detected via biased case-finding involving searching for cases only in
neighborhoods near the market but not in other parts of Wuhan? Not likely. Remembering that all the
cases were hospitalized and that no diagnostic test was available to identify mild cases it is likely that
most or all Huanan market-unlinked cases were ascertained while in hospitals.

Robustness of the December COVID-19 case analyses using center-point and median distances to
the Huanan market
We performed three sets of sensitivity analyses for the tests using center-point and median distances to the
Huanan market (cfr. Materials and Methods). Adding considerable random noise to the extracted locations
results in distance statistics that are similar to those inferred from the actual extracted locations relative to
the critical values of the null distribution (fig. S13). The same holds true when we add noise as well as
missing locations from relatively close to the Huanan market (from the 25% kernel density estimate of the
155 December cases, cfr. Materials and Methods) (fig. S14). Finally, sub-sampling the cases not linked to
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the Huanan market also indicates that the test approach is robust to some degree of mis-assignment of
cases (fig. S15).

Supplementary Data
Data S1. Translations and URLs for relevant articles and reports
All translations were done using the premium service at TheWordPoint (https://thewordpoint.com/).
Originals can be accessed via the original URLs or WayBackMachine URLs provided in the
“documents_index.csv”. File is available from https://doi.org/10.5281/zenodo.6291868.

Data S2. Business registry screenshots from Tianyancha
File is available from https://doi.org/10.5281/zenodo.6791326.

Supplementary Figures
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Figure S1. COVID-19 cases in Wuhan in December. This is Fig. 4 on page 148, Annex E, of the WHO
mission report.



Figure S2. Map of Wuhan. Credit: © OpenStreetMap contributors.



Figure S3. Overlay of Figs. S1 and S2.



Figure S4. Fig. 23 page 44 from the WHO mission report. The radius of each circle marker of each
case location is about 125 m.



Figure S5. Overlay of fig. S3 and Fig. 23 from page 44 of the main WHO mission report.



Figure S6. WebPlotDigitizer image, showing how reference points are input.



Figure S7. WebPlotDigitizer image, showing how points are added. The red dots have been added in
WebPlotDigitizer to mark the darker blue dots, whose halo appears around the red dots (inset in top right).
This illustrates the high precision with which case locations were extracted.

Figure S8. Case map showing family cases and lineage A and lineage B genome sequences. F=family
case. B=lineage B case. A=lineage A case.

A B C



Figure S9. Comparison of highest density area of COVID-19 cases in December 2019 to density of
cases, overall population and elderly population in Wuhan in January and February 2020. This
figure has been adapted slightly from Peng et al. (26) by the addition, in panels A through C of colored
polygons representing the highest density 50%, 25%, 10% and 1% KDE contours of December 2019
COVID-19 cases from the current study’s fig. 1C. The red circle indicates the location of the Huanan
market and is part of the original figure. As described in Peng et al. (26), panel A represents COVID-19
help seekers by Weibo data, B population density, and C elderly population density. Peng et al. retain
copyright and the figure is made available under the CC BY 4.0 International License.

Figure S10. Comparison of highest density area of COVID-19 cases in December 2019 to density of
overall population, child population, adult population and elderly population in Wuhan. This figure
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has been adapted slightly from Jia et al. (64) by the addition, in panels b through e of polygons
representing the highest 50%, 25%, 10% and 1% KDE contours of December 2019 COVID-19 cases from
the current study’s Fig. 1C, plus the location of the Huanan market (pink square). As described in Jia et al.
(64), panel b represents overall population density in central Wuhan, c children, d adult, and e elderly
population density. Jia et al. retain copyright and the figure is made available under the CC BY 4.0
International License.

Figure S11. The locations of key hospitals reporting early COVID-19 patients with respect to the
Huanan market. On the day that local public health authorities learned of an association of unexplained
pneumonia cases with individuals connected to the Huanan market, they learned simultaneously about
cases not just at hospitals near the market (e.g. Wuhan Central Hospital Houhu Branch and Xinhua
Hospital) but also hospitals much further away (e.g. Tongji Hospital and Wuhan Union Hospital) (5).
Importantly, major hospitals in districts many kilometers from the Huanan market, just like hospitals close
to the market, found that their earliest cases (up to 3 January 2020) were dominated by individuals linked
to the Huanan market, strong evidence that the virus was not cryptically widespread throughout the city
but that cases were still, at that point, largely connected to the Huanan market (5).
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Figure S12. Effect of elimination of cases nearest the market on statistical results. To test the
possibility of ascertainment bias, the nearest cases to the market were removed consecutively and the
distance from center-point of the remaining cases to the Huanan market (“Center-point_distance”), and
median distance of the remaining cases to the Huanan market (“Median_distance”) were subsequently
calculated. The x-axis indicates the number of cases closest to the market that have been removed from
the dataset. The y-axis indicates the resulting median distance to the Huanan market and center-point
distance to the market in kilometers. The center-point null plotted above is the distance between the
Huanan market and the center-point of the 1,000,000 points sampled from the age-matched, weighted
population density dataset. The median null distribution was generated by sampling the corresponding
number of points shown in the x axis (155, 154, 153, and so on) from the population density dataset and
calculating the median distance to the Huanan market. A: all cases. B: unlinked cases only.



Figure S13. Robustness of the distance statistics (median and center-point distance) with respect to
uncertainty in the extracted locations for all cases, linked cases and cases that are not linked to the
Huanan market. The box plots summarize the distance statistics for 1000 replicates, with each replicate
drawing locations uniformly at random from circles around the extracted location for each case with a
radius of 1 km. Gray dotted and full gray lines indicate the 0.05 and 0.10 percentile value for the same
statistics based on the Weibo data. Black dotted and full black lines indicate the 0.05 and 0.10 percentile
value for the same statistics based on the worldpop.org data. If these lines are not shown for a distance
statistic, they are above the upper limit of the y-axis scale. The boxes represent the interquartile ranges.
The upper and lower whiskers represent the maximum and minimum value of the data that are within 1.5
times the interquartile range over the 75th percentile and under the 25th percentile respectively. Outlier
values are considered any values over 1.5 times the interquartile range over the 75th percentile or any
values under 1.5 times the interquartile range under the 25th percentile.



Figure S14. Robustness of the distance statistics (median and center-point distance) with respect to
uncertainty in the extracted locations and with respect to missing cases (n=9) for all cases, linked
cases and cases that are not linked to the Huanan market. The box plots summarize the distance
statistics for 1000 replicates, with each replicate (i) drawing locations uniformly at random from circles
around the extracted location for each case with a radius of 1 km and (ii) adding 9 locations drawn
uniformly at random from the 25% kernel density estimate of the 155 December cases. Gray dotted and
full gray lines indicate the 0.05 and 0.10 percentile value for the same statistics based on the Weibo data.
Black dotted and full black lines indicate the 0.05 and 0.10 percentile value for the same statistics based
on the worldpop.org data. If these lines are not shown for a distance statistic, they are above the upper
limit of the y-axis scale. The boxes, whiskers and outliers follow the settings used for fig. S9.



Figure S15. Robustness of the distance statistics (median and center-point distance) for the cases
not linked to the Huanan market with respect to mis-assignment of some ‘linked’ cases as ‘not
linked'. The box plots summarize the distance statistics for 1000 replicates, with each replicate
subsampling 104 cases (out of 120) assigned as 'not linked'. Gray dotted and full gray lines indicate the
0.05 and 0.10 percentile value for the same statistics based on the Weibo data. Black dotted and full black
lines indicate the 0.05 and 0.10 percentile value for the same statistics based on the worldpop.org data. If
these lines are not shown for a distance statistic, they are above the upper limit of the y-axis scale. The
boxes, whiskers and outliers follow the settings used for fig. S9.



Figure S16. Geospatial mapping of Huanan Seafood Market. A. Locations of positive environmental
samples (red), with jitter added to samples from stalls with multiple positive samples for visualization. B.
Centroids of stalls with positive (orange) and negative (green) environmental samples. C. Centroids of
known live mammal vendors (dark brown) and unknown meat vendors (lavender). D. Centroids of
businesses with human cases up to and including December 20th (light blue), and after December 20th
(salmon). Satellite imagery is obtained via the Google Maps Static API using Salem (65).

https://paperpile.com/c/ZclLSR/IJRoG




Figure S17. Huanan market environmental positives and stall addresses. Map of Huanan market
including stall addresses and the type of products sold in each stall with a SARS-CoV-2 positive
environmental sample.

Figure S18. Testing of possible sampling bias effects on observed relative risk in southwest corner of
the Huanan market A-D Relative risk analysis of positive environmental samples, A. for the case of 2x
sampling from live mammal stalls B. 2x sampling from live mammal and unknown meat stalls C. for
exclusion of samples with positive NGS but negative PCR, and C. Tolerance contours (p=0.05 denoted by
dash, p=0.01 denoted by solid line) enclose regions with statistically significant elevation in density of
positive environmental samples relative to the distribution of sampled stalls.



Supplementary Tables
Table S1. Distances from the Huanan market to the twenty nearest hotels

Hotel Distance to market (m)* Coordinates

Jinjiang Inn Wuhan Hankou Railway Station Branch 98 m** 30.6194 N, 114.2586 W

Non-Fan Premium Hotel (Wuhan Hankou Railway Station) 117 m 30.6194 N, 114.2588 W

100 Inns & Hotel (Wuhan Hankou Railway Station Branch) 126 m 30.6194 N, 114.2589 W

Dongfang Jianguo Hotel 402 m 30.6204 N, 114.2535 W

Lavande Hotels (Hankou Railway Station Grand Wuhan 1911
Branch)

183 m 30.6187 N, 114.2592 W

Sucha Hotel (Wuhan Hankou Railway Station) 308 m 30.6199 N, 114.2608 W

Tianya 1911 Hotel 279 m 30.6171 N, 114.2573 W

Building Lan Business Hotel 293 m 30.621 N, 114.255 W

Yibai Liangpin Hotel 422 30.6193 N, 114.2532 W

Lingbo Fashion Hotel 339 30.6207 N, 114.2543 W

Super 8 Hotel (Hankou Railway Station Branch) 422 30.6193 N, 114.2532 W

Huayi Selected Hotel 481 30.6192 N, 114.2526 W

Caiguang Hostel 491 30.6191 N, 114.2525 W

Kaixin Express Hotel 422 30.6193 N, 114.2532 W

Xana Hotel Hankou Railway Station 404 30.6182 N, 114.2537 W

Meirujia Hotel (Hankou Railway Station Branch) 336 30.6193 N, 114.2541 W

Hanting Hotel Hankou Railway Station Branch 364 30.6198 N, 114.2538 W

City Comfort Inn Chain Hankou Railway Station 407 30.619 N, 114.2534 W

Huangting Business Motel Hankou Railway Station 409 30.6189 N, 114.2534 W

7 days Inn Hankou Railway Station 402 30.6195 N, 114.2534 W

*Distance from hotel to Huanan market; median = 383 m.
**Distance to the closest edge of the market is closer for each hotel than to the central market point. For example,
the Jinjiang Inn was 27 m from the edge of the east section of the market, but 98 m from the center point. To be
conservative, we used distances from each hotel to the market’s center point.

Table S2. Publications describing epidemiological characteristics of early COVID-19 patients.

December
2019

January
2019

Cohort Patients Huanan
market

(%)

Average
age

ICU
(%)

Case definition/diagnosis criteria



Huang 2020
Lancet (6)

Jinyintan
Hospital

41 65.85% 49 31.70% Clinical characteristics: fever and dry
cough

Li 2020
NEJM (62)

Wuhan 47 55.30% 56 Clinical and epidemiological criteria

Chen 2020 Lancet (63) Jinyintan
Hospital

99 49.50% 55.5 23% WHO interim guidance; "Adult patients
were admitted centrally to the hospital
from the whole of Wuhan without
selectivity… All the data of included
cases have been shared with WHO”

Wang 2020 JAMA (66) Zhongnan
Hospital

138 8% 56 26% WHO interim guidance

WHO Data Wuhan 174 33.50% 56 Clinical characteristics (n=64), lab
confirmation (n=100)

Table S3. Case counts, weibo help seeker counts, total population, seropositivity, and case fatality
rate per district in the city of Wuhan.

Neighborhoo
d

Grou
p

WH
O

cases
(Dec)

Total cases
(March)**

*

Total cases
(March)***

*

Weibo help
seekers****

*

Population
*

Cases
per

100,000
(March

) ***

Seropositivit
y (April)*

Seropositivit
y (April)**

Hanyang
North-
urban 9 4691 4820 84 664,202.00 706.26 7.88 4.6

Jiangan
North-
urban 28 6570 7030 111 962,695.00 682.46 11.12 6.5

Jianghan
North-
urban 54 5199 5448 72 729,704.00 712.48 7.83 5.2

Qiaokou
North-
urban 12 6863 7143 110 868,702.00 790.03 13.08 11.2

Hongshan
South-
urban 10 6990 7403 84

1,677,298.0
0 416.74 5.62 2.9

Qingshan
South-
urban 4 2788 2979 63 528,894.00 527.14 5.54 3.8

Wuchang
South-
urban 6 7484 7726 133

1,282,800.0
0 583.41 5.15 3.7

Dongxihu
North-
suburb 12 2465 2544 40 584,803.00 421.51 5.07 2.3

Huangpi
North-
suburb 13 2126 2204 10

1,011,897.0
0 210.10 1.62 1

https://paperpile.com/c/ZclLSR/bUSKO
https://paperpile.com/c/ZclLSR/eurGv
https://paperpile.com/c/ZclLSR/TMERf
https://paperpile.com/c/ZclLSR/OK8ts


Xinzhou
North-
suburb 1 1073 1116 2 910,595.00 117.84 2.35 0.7

Caidian
South-
suburb 2 1417 1422 2 469,490.00 301.82 1.49 0.9

Hannan
South-
suburb 2 1094 1146 1 427,916.00 255.66 0.73 0.5

Jiangxia
South-
suburb 0 1213 1159 25 962,000.00 126.09 5.07 0.4

* Data from (41)
** Data from (40)
*** Data from (67)
**** Data from (68)
***** Data from (26)

Table S4. Results when corrected for multiple hypothesis testing using the Benjamini-Hochberg
procedure

Metric Group Sample size
(n)

Distance from
Huanan

market (km)

Null/control
distribution

P-value P-adjuste
d (BH)

median distance all cases 155 4.28 weibo null p<0.001 p<0.003

median distance not linked 120 4.00 weibo null p<0.001 p<0.003

median distance linked 35 5.74 weibo null 0.031 0.041

median distance B 11 8.30 weibo null 0.458 0.458

median distance not linked A (1 + hotel
guest)

2 2.31 weibo null 0.009 0.016

median distance not linked A (1) 1 2.31 weibo null 0.068 0.073

median distance confirmed 65 2.91 weibo null p<0.001 p<0.003

median distance clinically Diagnosed 36 4.66 weibo null p<0.001 p<0.003

median distance all cases 155 4.28 worldpop age
null

p<0.001 p<0.003

median distance not linked 120 4.00 worldpop age
null

p<0.001 p<0.003

median distance linked 35 5.74 worldpop age
null

p<0.001 p<0.003

median distance B 11 8.30 worldpop age
null

0.017 0.026

median distance not linked A (1 + hotel
guest)

2 2.31 worldpop age
null

p<0.001 p<0.003

median distance not linked A (1) 1 2.31 worldpop age
null

0.034 0.041

https://paperpile.com/c/ZclLSR/YhNwV
https://paperpile.com/c/ZclLSR/GdbZ0
https://paperpile.com/c/ZclLSR/4is66
https://paperpile.com/c/ZclLSR/xGUAj
https://paperpile.com/c/ZclLSR/ghTbB


median distance confirmed 65 2.91 worldpop age
null

p<0.001 p<0.003

median distance clinically diagnosed 36 4.66 worldpop age
null

p<0.001 p<0.003

center-point
distance

all cases 155 1.02 weibo null 0.015 0.025

center-point
distance

not linked 120 0.91 weibo null 0.005 0.011

center-point
distance

linked 35 2.28 weibo null 0.075 0.078

center-point
distance

B 11 1.95 weibo null 0.064 0.072

center-point
distance

confirmed 65 0.32 weibo null 0.002 0.005

center-point
distance

clinically diagnosed 36 1.80 weibo null 0.051 0.060

center-point
distance

all cases 155 1.02 worldpop age
null

0.008 0.015

center-point
distance

not linked 120 0.91 worldpop age
null

0.006 0.012

center-point
distance

linked 35 2.28 worldpop age
null

0.034 0.041

center-point
distance

B 11 1.95 worldpop age
null

0.026 0.036

center-point
distance

confirmed 65 0.32 worldpop age
null

0.001 0.003

center-point
distance

clinically diagnosed 36 1.80 worldpop age
null

0.022 0.032

Table S5. Live mammals traded at the Huanan market, October - December, 2019

Species Family/Order Susceptibility Observed at
Huanan
market,
October

2019

Observed at
Huanan
market,

November
2019

Observed at
Huanan
market,

December
2019*

Raccoon dog
(Nyctereutes
procyonoides)**

Canidae/Carnivora Live*** (9)(69)(70) Yes Yes Yes

Amur hedgehog
(Erinaceus
amurensis)

Erinaceidae/Eulipotyphla Yes Yes

https://paperpile.com/c/ZclLSR/sRUAW
https://paperpile.com/c/ZclLSR/1qJ0t
https://paperpile.com/c/ZclLSR/YxBQT


Hog badger
(Arctonyx
albogularis)

Mustelidae/Carnivora ACE2**** (70) Yes Yes

Asian badger (Meles
leucurus)

Mustelidae/Carnivora
See raccoon dog, mink,
etc.

Yes Yes

Chinese hare (Lepus
sinensis)

Leporidae/Lagomorpha Rabbit :(71) Yes Yes

Chinese bamboo rat
(Rhizomys sinensis)

Spalacidae/Rodentia ACE2 (72) Yes Yes

Malayan porcupine
(Hystrix brachyura)

Hystricidae/Rodentia See bamboo rat Yes Yes Yes

Chinese muntjac
(Muntiacus reevesi)

Cervidae/Artiodactyla
White-tailed deer: Live
(73)

Yes Yes Yes

Marmot (Marmota
himalayana)

Sciuridae/Rodentia See bamboo rat Yes Yes Yes

Red fox (Vulpes
vulpes)

Canidae/Carnivora
Live (74),
Serology***** (75)

Yes Yes Yes

Siberian weasel
(Mustela sibirica)

Mustelidae/Carnivora
See raccoon dog, mink,
etc.

No No

Pallas's squirrel
(Callosciurus
erythraeus)

Sciuridae/Rodentia See bamboo rat No No

Masked palm civet
(Paguma larvata)

Viverridae/Carnivora ACE2 (70)(72)(76) No No

Coypu (Myocastor
coypus)

Echimyidae/Rodentia See bamboo rat No No

Mink (Neovison
vison)**

Mustelidae/Carnivora
Live
(77)(46)(78)(79)(80)

No No

Red squirrel (Sciurus
vulgaris)

Sciuridae/Rodentia See bamboo rat No No

Wild boar (Sus
scrofa)

Suidae/Artiodactyla
Serology (75), ACE2
(76)(81)

No No

Complex-toothed
flying squirrel
(Trogopterus
xanthipes)

Sciuridae/Rodentia See bamboo rat No No

* From photographic evidence from 3 December, 2019 (82).
** Established transmissibility, not just susceptibility.
*** Demonstrated susceptibility in live animals

https://paperpile.com/c/ZclLSR/YxBQT
https://paperpile.com/c/ZclLSR/o8VBP
https://paperpile.com/c/ZclLSR/WrGsm
https://paperpile.com/c/ZclLSR/XclwR
https://paperpile.com/c/ZclLSR/XclwR
https://paperpile.com/c/ZclLSR/TzVMP
https://paperpile.com/c/ZclLSR/EtD1e
https://paperpile.com/c/ZclLSR/YxBQT
https://paperpile.com/c/ZclLSR/WrGsm
https://paperpile.com/c/ZclLSR/sbs3b
https://paperpile.com/c/ZclLSR/mSmyT
https://paperpile.com/c/ZclLSR/mSmyT
https://paperpile.com/c/ZclLSR/pwOPT
https://paperpile.com/c/ZclLSR/bqGm0
https://paperpile.com/c/ZclLSR/0WsKV
https://paperpile.com/c/ZclLSR/afn9J
https://paperpile.com/c/ZclLSR/EtD1e
https://paperpile.com/c/ZclLSR/sbs3b
https://paperpile.com/c/ZclLSR/sbs3b
https://paperpile.com/c/ZclLSR/HhxfJ
https://paperpile.com/c/ZclLSR/WyBXu


**** Based on serological findings in wild populations
***** Based on predicted or demonstrated ACE2 binding.

Table S6. Environmental samples from the Huanan market.

Co
de

Ar
ea

Stre
et

Sta
ll

Store
type

Kno
wn

cases
in

stall

Wildl
ife

area?

Illegal
Hedge

hog
sales
2019

Type
RT
-P

CR

N
gen

e
seq.

S
gen

e
seq.

NG
S

GISAID
Sequence

Leng
th

Cover
age

GISAID
Culture

sequence

Virus
Linea

ge

E61
Eas

t
6 1,3 Seafood

Ground
surface

PO
S

?

E48
Eas

t
9 22

Meat,
unknown

Blood
from

ground
surface,
in front
of door

PO
S

>99
%

?

D3
2

We
st

15

X1
5

Yes
Wagon
surface

PO
S

?

B17
We
st

X4
4

Seafood Yes Scale
PO
S

?

G9
3

We
st

8
19,
21,
23

Meat,
unknown

Dirty
water

PO
S

?

F54
We
st

2

14 Seafood Yes
Ground
surface

PO
S

>99
%

>99
%

EPI_ISL_4
08512

25,34
2

2.4 B

F33
We
st

17 Seafood
Sluice
gate

PO
S

?

F46
We
st

24 Seafood
Ground
surface

PO
S

>99
%

>99
%

?

E7
We
st

5,7 Seafood
Foam

dispens
er

PO
S

>99
%

?

A2
0

We
st

7

15,
17

Seafood Gloves
PO
S

>99
%

>99
%

A

A1
8

We
st

Seafood
Shoe

bottoms
PO
S

>99
%

?

A2
We
st

Seafood
Ground
surface

PO
S

>99
%

?

A6
3

We
st

16,
18

Seafood
Ground
surface

PO
S

>99
%

?



A6
1

We
st

20,
22,
24

Meat,
unknown

Adjac
ent

Ground
surface

PO
S

?

A5
5

We
st

25
Meat,

unknown
†††

Adjac
ent

Yes
Ground
surface

PO
S

>99
%

?

A3
3

We
st

We
st

end

Meat
associate

d
Yes

Trash
cart

PO
S

?

F13
We
st

11 15
Vegetabl

e
Yes

Wall
surface

PO
S

>99
%

>99
%

>99
%

EPI_ISL_4
08511

28,55
7

25.6

EPI_ISL_4
08514

EPI_ISL_4
08515

B

A1
01

We
st

4

19 Seafood
Door

surface
PO
S

?

A9
6

We
st

24 Seafood Yes
Ground
surface

PO
S

?

A1
4

We
st

26

Seafood Yes Yes

Fish
packagi

ng
surface

PO
S

?

A1
5

We
st

Seafood Yes Yes
Door

surface
PO
S

?

A9
0

We
st

Seafood Yes Yes
Ground
surface

PO
S

?

A8
7

We
st

28

Seafood Yes Yes
Door

surface
PO
S

?

A8
8

We
st

Seafood Yes Yes
Ground
surface

PO
S

?

F98
We
st

X6,
X4

Seafood Yes
Ground
surface

PO
S

>99
%

?

F10
0

We
st

Seafood Yes
Ground
surface

PO
S

>99
%

?

B5
We
st

5 6, 8 Seafood Yes
Ground
surface

PO
S

>99
%

>99
%

EPI_ISL_4
08513

1,065 2.4 B

Q3
7

We
st

8 25

Domesti
cated

wildlife†
†

Yes Yes†

Interior
surface

of
freezer

NE
G

>99
%

?

Q6
1

We
st

6

29
Domesti

cated
wildlife

Yes Yes† Cart 1
NE
G

>99
%

?



Q6
4

We
st

29
Domesti

cated
wildlife

Yes Yes† Cart 2
PO
S

>99
%

?

Q6
8

We
st

29
Domesti

cated
wildlife

Yes Yes†
Ground
surface

PO
S

>99
%

?

Q6
9

We
st

29
Domesti

cated
wildlife

Yes Yes†

Hair/fea
ther

removal
machin

e
(epilato

r)

PO
S

>99
%

?

Q7
0

We
st

29
Domesti

cated
wildlife

Yes Yes†

Metal
cage in
inner
room

NE
G

>99
%

?

WH
O

We
st

5
36,
38

Meat,
unknown

†††
Yes

Unkno
wn

PO
S

?

WH
O

We
st

7
35,
37

Meat,
unknown

Yes
Unkno

wn
PO
S

?

Methodology: Business names were obtained from the TianYanCha.com business directory (see Table S8) based on
addresses. In many cases, business names were further confirmed through photographic evidence of stalls. Two
stalls were identified as involved in domesticated wildlife sales from an official local forestry bureau fine for their
registered owners for illegal hedgehog sales in summer 2019 (36).

† The "Operators" of these businesses listed in TianYanCha.com business directory were fined for illegal hedgehog
sales in summer 2019, in an official government report (36)
†† Reported in WHO mission report Appendix F, Table 3, contains "game" in the business name, lists game retail as
a service in the business directory, and was fined for illegal hedgehog sales in 2019 (see †) (7).

††† Store selling meat products inferred from photographic evidence.

Table S7. Key numbers regarding environmental sampling at the Huanan market.

Key numbers Source

585 Total number of Environmental Samples, CCDC CCDC page 1

26 Number of positive stalls, CCDC From CCDC table

33 Total number of Positive samples, CCDC CCDC page 1

https://paperpile.com/c/ZclLSR/5QplP
https://paperpile.com/c/ZclLSR/5QplP
https://paperpile.com/c/ZclLSR/gUCB5


31 Number of positive samples from western section, CCDC CCDC page 2

718 Total number of Environmental Samples, WHO WHO page 95

678 Total number of stalls in the market, WHO WHO page 96

134 Number of stalls sampled in the market, WHO WHO page 96

21 Number of positive stalls, WHO WHO Annex E4, 4.5 Market
environment

113 Number of negative stalls, WHO WHO Annex E4, 4.5 Market
environment

40 Number of positive samples, WHO WHO page 95

69 Number of positive samples including sewage and warehouses,
WHO

WHO page 95

174 All December 2019 cases WHO page 43 (Fig 22)

164 All Wuhan December 2019 cases WHO page 43

55 Cases connected to Huanan Market WHO, Annex E4 "Table 3.
General information of cases"

30 Huanan Market Vendor cases WHO, Annex E4 "Table 3.
General information of cases"

Table S8. Public business registry of specific stalls with SARS-CoV-2 positive samples at the
Huanan market.

Street Address Tianyancha link*

8 25 https://www.tianyancha.com/company/2336478151

5 "Corridor" (36,38) https://www.tianyancha.com/company/2334674880

7 25,27 https://www.tianyancha.com/company/2339714863

7,8 19,20,21,22,23,24 https://www.tianyancha.com/company/2336843423

6 29,31,32,33 https://www.tianyancha.com/company/2336320983

2 14 https://www.tianyancha.com/company/1434754801

*Screenshots available in data S2.

Table S9. Binomial GLM results for possible values of total samples (N) per stall.

Using distance to a live mammal vendor

Samples per stall N=5 N=6 N=7 N=8 N=9 N=10

https://www.tianyancha.com/company/2336478151
https://www.tianyancha.com/company/2334674880
https://www.tianyancha.com/company/2339714863
https://www.tianyancha.com/company/2336843423
https://www.tianyancha.com/company/2336320983
https://protect-au.mimecast.com/s/YTYZCZY1Nqi51yZwyHzKdG7V?domain=tianyancha.com


Estimated coefficient (wildlife stall distance) -0.0290 -0.0287 -0.0285 -0.0283 -0.0282 -0.0281

Detection odds % decrease/m (wildlife stall
distance) 2.86 2.83 2.81 2.79 2.78 2.77

P-value (wildlife stall distance) 0.00419 0.00434 0.00445 0.00454 0.00461 0.00466

Estimated coefficient (case distance) -0.0692 -0.0684 -0.0679 -0.0675 -0.0672 -0.0670

Detection odds % decrease/m (case distance) 6.68 6.62 6.57 6.53 6.50 6.48

P-value (case distance) 0.01323 0.01355 0.01379 0.01396 0.01410 0.01421

Using distance to a live mammal vendor or an unknown meat vendor

Samples per stall N=5 N=6 N=7 N=8 N=9 N=10

Estimated coefficient (wildlife stall distance) -0.0354 -0.0350 -0.0347 -0.0345 -0.0343 -0.0342

Detection odds % decrease/m (wildlife stall
distance) 3.48 3.44 3.41 3.39 3.38 3.36

P-value (wildlife stall distance) 0.00242 0.00252 0.00258 0.00264 0.00268 0.00271

Estimated coefficient (case distance) -0.0764 -0.0756 -0.0750 -0.0745 -0.0742 -0.0739

Detection odds % decrease/m (case distance) 7.36 7.28 7.22 7.18 7.15 7.12

P-value (case distance) 0.00752 0.00772 0.00787 0.00798 0.00806 0.00813

Table S10. Binomial GLM results under various possible sources of sampling bias.

2x Sampling of live mammal stall,
using distance to a live mammal vendor

2x Sampling of live mammal and unknown meat
stalls, using distance to live mammal or unknown

meat vendors

Samples
per stall

N=5,10 N=6,12 N=7,14 N=8,16 N=9,18
N=10,2

0
N=5,10 N=6,12 N=7,14 N=8,16 N=9,18 N=10,20

Estimated
coefficient
(wildlife
stall
distance)

-0.0231 -0.0228 -0.0227 -0.0225 -0.0225 -0.0224 -0.264 -0.0261 -0.0259 -0.0258 -0.0257 -0.0256

Estimated
coefficient
(case
distance)

-0.0745 -0.0738 -0.0733 -0.0729 -0.0726 -0.0724 -0.0820 -0.0812 -0.0807 -0.0803 -0.0800 -0.0797



Detection
odds %
decrease/m
(wildlife
stall
distance)

2.28 2.26 2.24 2.23 2.22 2.21 2.6 2.58 2.56 2.55 2.54 2.53

Detection
odds %
decrease/m
(case
distance)

7.18 7.11 7.07 7.03 7.01 6.99 7.87 7.8 7.75 7.71 7.68 7.66

P-value
(wildlife
stall
distance)

0.0177 0.0182 0.0185 0.0188 0.019 0.0191 0.0167 0.0171 0.0174 0.0176 0.0178 0.0179

P-value
(case
distance)

0.0069 0.0071 0.0072 0.0073 0.0074 0.0074 0.0039 0.004 0.0041 0.0041 0.0042 0.0042

Only including PCR positive samples
Only including PCR positive samples, using
distance to live mammal or unknown meat

vendors

Samples
per stall

N=5 N=6 N=7 N=8 N=9 N=10 N=5 N=6 N=7 N=8 N=9 N=10

Estimated
coefficient
(wildlife
stall
distance)

-0.0242 -0.0240 -0.0238 -0.0237 -0.0236 -0.0236 -0.0309 -0.0305 -0.0303 -0.0302 -0.0300 -0.0300

Estimated
coefficient
(case
distance)

-0.0750 -0.0743 -0.0738 -0.0734 -0.0731 -0.0729 -0.0823 -0.0815 -0.0809 -0.0805 -0.0801 -0.0799

Detection
odds %
decrease/m
(wildlife
stall
distance)

2.4 2.37 2.36 2.34 2.33 2.33 3.04 3.01 2.99 2.97 2.96 2.95



Detection
odds %
decrease/m
(case
distance)

7.22 7.16 7.11 7.08 7.05 7.03 7.9 7.82 7.77 7.73 7.7 7.68

P-value
(wildlife
stall
distance)

0.0216 0.0221 0.0224 0.0227 0.0229 0.0231 0.0106 0.0109 0.0111 0.0113 0.0114 0.0115

P-value
(case
distance)

0.0119 0.0122 0.0124 0.0125 0.0126 0.0127 0.0071 0.0073 0.0074 0.0075 0.0075 0.0076

Excluding seafood stall (Street 4, Stalls 26,28)
Excluding seafood stall, using distance to live

mammal or unknown meat vendors

Samples
per stall

N=5 N=6 N=7 N=8 N=9 N=10 N=5 N=6 N=7 N=8 N=9 N=10

Estimated
coefficient
(wildlife
stall
distance)

-0.0222 -0.0221 -0.0219 -0.0218 -0.0218 -0.0217 -0.0290 -0.0288 -0.0286 -0.0285 -0.0284 -0.0283

Estimated
coefficient
(case
distance)

-0.0369 -0.0366 -0.0364 -0.0362 -0.0361 -0.0360 -0.0434 -0.0430 -0.0428 -0.0426 -0.0425 -0.0423

Detection
odds %
decrease/m
(wildlife
stall
distance)

2.2 2.18 2.17 2.16 2.15 2.15 2.86 2.84 2.82 2.81 2.8 2.79

Detection
odds %
decrease/m
(case
distance)

3.62 3.59 3.57 3.56 3.55 3.54 4.25 4.21 4.19 4.17 4.16 4.15

P-value
(wildlife
stall
distance)

0.0307 0.0312 0.0317 0.032 0.0322 0.0324 0.0144 0.0148 0.015 0.0152 0.0153 0.0154



P-value
(case
distance)

0.16 0.1615 0.1626 0.1633 0.1639 0.1644 0.1104 0.1116 0.1124 0.1131 0.1136 0.1139

Table S11. Human SARS-CoV-2-positive cases at the Huanan market.

Source Location Street Stalls # Notes Date (before/by)

Media West 2 14 1 10 December 2019 onset; not in WHO
missing report (5)

12-10

WHO West 12 19,21,23 1 12-13

WHO West 5 6,8 1 12-20

WHO West 5 6,8 1 12-27

WHO West 7 5,7 1 12-20

WHO West 13 X2 2 also stall 15 X1 12-27

WHO West 13 X2 1 also stall 15 X1 12-31

WHO West 15 X13,X15,X17 1 12-20

WHO West A2 1 12-20

WHO West 4 26,28 1 12-31

WHO West 4 24 1 12-31

WHO West 4 X2 1 12-31

WHO West 4 X4,X6 1 12-31

WHO West 4 2,4 1 12-31

WHO West 4 6 1 12-31

WHO West 7 26,28 1 12-31

WHO West 9 12,21,23 1 12-31

WHO West 8 2,4 1 also stall 9 1,3 12-31

WHO West 11 25 1 12-31

WHO West 11 15,17 1 12-31

WHO West 13 X32 1 12-31

WHO West 13 X5 1 12-31

WHO West A15 1 12-31

WHO West 15 X44 1 12-31

WHO East 2 1 1 12-31

WHO East 3 5,7,9 1 12-31

WHO East 7 3 1 12-31

https://paperpile.com/c/ZclLSR/Q3VVQ


WHO East 7 19,21 1 12-31

WHO East 11 42 1 12-31

Table S12. Environmentally sampled, SARS-CoV-2-negative stalls in the Huanan market.

Section of market Street Stall

West A3

West 15 X2

West 15 X32

West 12 20-24

West 12 32

West 12 15-17

West 12 19-23

West 11 17

West 11 11-13

West 11 9

West 10 19-23

West 10 29-31

West 9 34-36

West 9 38

West 9 19-23

West 9 27-29

West 9 25

West 9 35-37

West 8 26-28

West 8 30

West 8 32-34

West 8 36-38

West 8 29-31

West 8 33

West 8 35

West 8 37

West 7 X2

West 7 X4-X6



West 7 2-4

West 7 10

West 7 12-14

West 7 26-28

West 7 30-32

West 7 34

West 7 36-38

West 7 31-33

West 7 29

West 7 27

West 7 25

West 7 23

West 7 19-21

West 7 9

West 7 5-7

West 7 1-3

West 7 X3-X5

West 7 X1

West 6 38

West 6 36

West 6 34

West 6 32

West 6 16-18

West 6 6-8

West 6 9

West 5 26-34

West 5 7

West 4 30

West 4 20

West 4 16-18

West 4 12-14

West 4 10

West 4 8



West 4 6

West 4 2-4

West 4 X4-X6

West 4 X2

West 4 21-23

West 4 15-17

West 4 11-13

West 4 9

West 4 7

West 4 5

West 4 3

West 4 1

West 4 X3-X5

West 4 X1

West 3 20

West 2 22

West 2 20

West 2 18

West 2 16

West 2 10-12

West 2 6

West 2 2-4

West 2 X4-X6

West 2 X2

West 2 19-23

West 2 15

West 2 11-13

West 2 1-3

West 2 X5

West 2 X1-X3

West 1 2

East 11 7-15

East 11 6



East 10 17-21

East 10 5

East 9 24-26

East 9 14-16

East 9 8-12

East 8 2-4

East 8 6-10

East 8 28

East 8 19

East 7 5

East 6 24-26

East 6 23-25

East 6 15-19

East 5 8-10

East 5 1-9

East 4 24

East 2 24-28

East 2 30-32

East 2 48-50

Data and code availability
Data and code for this manuscript is available here: http://doi.org/10.5281/zenodo.6786454.

http://doi.org/10.5281/zenodo.6786454
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