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The	geospatial	data	of	Worobey	et	al.	statistically	links	the	Wuhan	Institute	of	Virology	with	the	Huanan	Seafood	Wholesale	Market	
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Worobey et al. [1] present a geometrical distance analysis of early COVID-19 cases 
within the city of Wuhan between December 2019 and January 2020. The results of this 
analysis lead them to conclude that during the earliest stages of the outbreak SARS-
CoV-2 “lineage A, like lineage B, may have originated at the Seafood Wholesale Market 
then spread from this epicenter into the neighborhoods surrounding the market and then 
beyond”. This conclusion was already assumed to be valid in a companion study [2] 
about these two suggested root SARS-CoV-2 lineages in humans. A key methodological 
input in [1] was the choice of the median as the geometrical distance measure from the 
reference location of the Huanan Seafood Wholesale Market (abbreviated here as 
Huanan market). These medians were calculated from samples of mapped COVID-19 
cases and from expected random null locations in Wuhan sampled from the city’s 
overall population density and matched for age. However, with respect to its possible 
statistical effects and epidemiological implications, the selective use of “medians rather 
than means” ([1], Supplementary Materials) was not sufficiently justified by the authors, 
as they simply discarded the difference between means and medians altogether as 
“outliers”. 
  
 
In the context of COVID-19 outbreak epidemiology and the origin question, medians of 
geometrical distances are a questionable measure because any geometrical change (e.g., 
clustering) in the upper half of the sampled set of COVID-19 cases would not change 
the median distance to the Huanan market. One can therefore expect that the distance 
analysis of Worobey et al. would give different results if means were used, but this was 
not considered in their study. 
 
 
In the following it is shown, by the authors’ own data, that means, but not medians, 
introduce the location of the Wuhan Institute of Virology (WIV) as geographically 
associated with the Huanan market (“the early epicenter of the COVID-19 pandemic”) at 
the same statistical significance level as the earliest known lineage B cases. Thus the 
authors’ choice against the use of means resulted in a selective bias against an 
important alternative hypothesis that is supported by their own data. 
 
 



Specifically, the mean distance of the n=11 lineage B cases to the Huanan market is 
12.2 km (p < 0.025; p-values, with 0.05 significance level, were calculated by direct 
numerical sampling of the expected distances in their data file 
“distance_popdensityagegroups_null_1.csv” retrieved from https://github.com/sars-
cov-2-origins/huanan-market/tree/main/data). Yet the distance between the Huanan 
market and the Wuhan Institute of Virology is nearly as far, 12.1 km (the WIV location 
[30.53930206N, 114.35085239E] corresponds to the institute’s main research and 
administrative building, see Figure 1A-C; distances measured with both the Google 
Maps and the Baidu map software tools at 100 m resolution.) This value is equally 
significant, p < 0.025, when the WIV location is geometrically represented by any tight 
cluster of n=11 locations in or around the WIV such that their mean distance to the 
Hunan market is 12.1 km. This outcome is robust: a similar result for n=10 is obtained 
when the one lineage B case is removed which previously had not been linked 
epidemiologically with the Huanan market (12.9 km mean distance from Huanan 
market, p < 0.05). In contrast, when tested against expected n=11 or n=10 medians, the 
12.1 km distance is not statistically significant (p < 0.184). Thus an important 
alternative hypothesis (i.e., WIV is geographically associated with the Huanan market 
at higher statistical significance than the 11 lineage B cases) is rejected when medians 
are used, and not rejected when means are tested. 
 
 
The fact that the mean distance between lineage B cases and the Huanan market is 
greater or equal than the (mean) distance between the latter and the Wuhan Institute 
of Virology is relevant because only from this numerical order statistical significance of 
the former necessitates statistical significance of the latter. In contrast, the 35 cases 
linked to Huanan market as well the 120 not epidemiologically linked to it [1] have both 
statistically significant mean distances (11.7 km and 6.7 km, respectively) that are 
markedly smaller than 12.1 km; thus for each of these two sets of cases one cannot 
strictly infer geographical association with the WIV even though the 12.1 km distance 
is also statistically significant on the n=35 and on the n=120 statistical backgrounds 
(both p < 0.0001). 
 
 
In summary, based on the data of Worobey et al., any tight cluster of ten early COVID-
19 cases in or around the Wuhan Institute of Virology would be geographically 
associated with the Huanan market at a higher level of statistical significance than the 
earliest lineage B cases that already had been linked epidemiologically with the Huanan 
market. Three main possibilities can then be considered: 1.) Such cluster did not exist 
in late 2019; 2.) it did exist and was documented but the epidemiological information 
have not been published yet; 3.) since the WIV is not a residential location the entire 
cluster or a part of it corresponds to a group of individuals among the 155 cases 



analysed by Worobey et al. Regarding this third possibility, it is remarkable that the 
four nearest cases to the WIV form a localized cluster—over roughly one square 
kilometer at the Shahuxincun neighborhood— with an average distance of 2.7 km to 
the Wuhan Institute of Virology (Figure 1A). 
 
 
The critical question if and how many human SARS-CoV-2 infections had actually 
occurred at the WIV in late 2019 was entirely ignored by Worobey et al. This selective 
omission is not understandable as reports have existed since at least early 2021 which 
indicate that it might had been the case. For example, widely circulated official 
publications by the US government report “with moderate confidence that the first human 
infection with SARS-CoV-2 most likely was the result of a laboratory-associated incident, 
probably involving experimentation, animal handling, or sampling by the Wuhan Institute 
of Virology” [3], and that “[t]he U.S. government has reason to believe that several 
researchers inside the WIV became sick in autumn 2019, before the first identified case of 
the outbreak, with symptoms consistent with both COVID-19 and common seasonal 
illnesses.” [4] Thus the geospatial association of the Wuhan Institute of Virology with 
the suggested early epicenter of the COVID-19 pandemic, as detected here, might be 
epidemiologically relevant and therefore deserves further scientific attention. 
 
 
As no acceptable scientific conclusion to the COVID-19 origins problem should 
evidently be the product of a selective bias (i.e., the deliberate choice of medians over 
means with the resulting omission of statistical data associated with the Wuhan 
Institute of Virology), it is suggested that Worobey et al. change their main 
interpretations and conclusions accordingly. 
  
Figures 
Figure 1A, B, C deposited at Harvard Dataverse (dataverse.harvard.edu): 
Lisewski, Andreas Martin, 2022, "Figure 1A-C", https://doi.org/10.7910/DVN/OPRUXQ, 
Harvard Dataverse, V1 
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