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In a short text published as Letter to the Editor of the Journal of the Royal Statistical
Society Series A, Weissman (2024) argues that the finding that early COVID-19 cases with-
out an ascertained link to Wuhan’s Huanan Seafood Wholesale market resided on average
closer to the market than cases epidemiologically linked to it, reveals “major proximity as-
certainment bias”. Here we show that Weissman’s conclusion is based on a flawed premise,
and that there is no such “internal evidence” of major bias. The pattern can indeed be
explained by places of infection not being limited to residential neighbourhoods, and by
stochasticity —i.e., without requiring any ascertainment bias.

After digitising and analysing data shared in the report of the 2021 Joint WHO-China
Study on Origins of SARS-CoV-2, Worobey et al. (2022) showed that residential locations
of early COVID-19 cases in Wuhan were strikingly distributed around the Huanan mar-
ket. Given the role played by the Huanan market in the initial discovery of the outbreak
(Worobey, 2021; Yang, 2024), it was important to ensure that the spatial pattern observed
was not caused by ascertainment bias. If present and major, ascertainment bias would in-
deed preclude any inference of a potential source of the outbreak. Worobey et al. (2022)
therefore checked the robustness of their conclusions to heterogeneities in case ascertain-
ment (see their Fig. S12). By gradually removing the cases residing closest to the market,
Worobey et al. (2022) found that substantial fractions of cases had to be removed to lose
significance, demonstrating that the overall centrality of the Huanan market among early
cases was not artefactually driven by cases residing the closest to the market.

Weissman (2024) however claimed to have discovered “internal evidence’ of ascer-
tainment bias. With the available data (World Health Organization, 2021), Worobey et al.
(2022) found that cases epidemiologically unlinked to the Huanan market resided on av-
erage closer to the Huanan market than cases epidemiologically linked to it. According to
Weissman (2024), this difference is internal evidence of bias, because (in the absence of
any proffered model to explain why) he expected unlinked cases to be further away from
the initial source than linked cases.

This expectation, however, is incorrect: there is no reason the residential locations
of early unlinked cases should necessarily be, on average, further away from the market
than the residential locations of linked cases. Instead, given the history of the outbreak,
there was ample reason to expect they would be closer: as noted by Worobey et al. (2022),



the residential locations of linked cases (primarily, individuals who worked at the Hua-
nan market) simply reflects their average commuting distance from their workplace: “For
market workers, the exposure risk was their place of work, not their residential locations”
(Worobey et al., 2022). For unlinked cases, on the other hand, one of their exposure risks
was living close to the market itself and thereby being exposed to infected market-linked
cases. Such exposure risks were documented, for example in clinics very near the mar-
ket where infected Huanan market workers sought care.! Moreover, many infections with
SARS-CoV-2 are asymptomatic or mild, and transmission can occur prior to symptom on-
set (Buitrago-Garcia et al., 2022). Thus, to whatever extent market-linked infected indi-
viduals shared space with locals at nearby shops, restaurants, bars, and other locations,
the earliest market-unlinked cases would be expected to reside nearer the market, as long
as the average commuting distance of market-linked individuals was substantial (and it
was). Weissman’s argument implicitly assumes that individuals who worked at or visited
the market were hermetically sealed off from people who lived in the neighbourhoods sur-
rounding the market, and themselves lived very near the market. These assumptions are
refuted by evidence.

Weissman’s reasoning conflates residential locations and places of infection. His (un-
stated, implicit) model erroneously assumes that the distributions of distances between
where cases were infected and where they resided are the same for market-linked and
market-unlinked cases. The locations reported in the maps of COVID-19 cases with on-
setin December 2019 (World Health Organization, 2021) and extracted by Worobey (2021);
Worobey et al. (2022) are residential locations. While household transmission plays an im-
portant part in the spread of COVID-19 (Li et al.,, 2021), the Huanan market was identified
as place of exposure for most cases with epidemiological links to the market; it was clearly
the place of infection for individuals in established transmission chains in the market (Li
et al., 2020). These cases were demonstrably infected in the Huanan market, but the re-
ported location in the case data is their residence, which in some cases was very far from
the market (World Health Organization, 2021). Secondary infections were then more likely
to occur near locations with high densities of infected individuals, i.e. in the Huanan mar-
ket’s neighbourhood. If it were possible to know all places of infection (rather than resi-
dence), the case map would look different; there would be a large number of points on the
Huanan market, corresponding to market-linked cases. Instead, the distances reported for
market-linked cases who worked at the market are commuting distances, and are therefore
likely to be greater than those corresponding to infections of nearby residents.

This difference in typical spatial distances also plays a role in an additional explanation
for why early unlinked cases could live closer, on average, to the market than early market
linked cases, even under the unrealistic assumption that all reported case residential lo-
cations (including those of market workers) correspond to places of infection. Even if that
were indeed the case, then early secondary cases could still live, on average, closer to the
initial source than primary cases. Weissman'’s argument is described in terms of average
outcomes (e.g., “The mean-square displacement (MSD) from the HSM of the unlinked cases
would then be approximately the sum of the MSD of the linked cases and the MSD from the
linked cases of the remaining steps in which traceability was lost.”) —neglecting the fact that
the number of cases is not infinite, nor large enough to be considered as infinite. Assuming
isotropy;, i.e., that a secondary case can reside at any angle from their infector’s residence,
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then, by chance, a secondary case can obviously reside closer to the market than their in-
fector. Consider a market-linked infection residing at distance p, from the market, and
their infectee residing at distance p; from the infector: if the infectee can reside at any an-
gle from the residence of their infector (i.e., assuming isotropy), then the probability that
the infectee resides closer to the market than the infector is given by:
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This probability is equal to 1/3 when p; = py, and increases to 1/2 when p; — 0. Contrary
to the central premise of Weissman’s argument, and in light of the fact that the dataset is
not just finite but quite small, the unlinked cases will not necessarily reside on average
farther away from the Huanan market than the linked cases.

To illustrate one aspect of this point, we simulated an infection process, as follows.
(1) We first draw ny market-linked infections and their spatial positions, at average dis-
tance ry from the market (the market is positioned, without loss of generality, at the origin);
distances are drawn from an exponential distribution. (2) We then draw numbers of sec-
ondary infections (i.e., market unlinked infections) from a negative binomial distribution
of parameters x and p = 5, where k is the dispersion parameter and R the average num-
ber of secondary infections. (When k — oo, the distribution becomes Poisson.) (3) The
positions of these secondary infections are then drawn such that they are located at an av-
erage distance r; from their infectors’ residential locations, at any angle (isotropy). Again,
this step corresponds to a conservative, unrealistic scenario in which market-linked cases
infect others near their residences, and not near the market. We then repeat steps (2) and
(3) for a few generations, keeping the same average distance r; for all subsequent genera-
tions of infections. We finally compute the median distance of all cases of a given gener-
ation to the market, compare it to the median distance of linked cases, and estimate the
proportion of simulations for which the median distance to the market of a generation of
cases is smaller than the median distance of linked cases to the market.

Figure 1 shows that, by chance, the median distance to the market of secondary, un-
linked, infections can be smaller than the median distance to the market of market-linked
infections — even under the conservative assumption that market-linked cases infected
others near where they live, and not near the market. As expected, the probability that this
happens gradually decreases the later the generation of infections (compare the different
curves on each panel in Figure 1). Importantly, the probabilities that the median distance
to the market is lower for residential locations of unlinked, versus linked, cases is higher
when the mean infector-infected distance of secondary infections, r; (here assumed to
be in the residential neighbourhood), is smaller than the mean distance between market-
linked infections and the market, r, (including commuting distances). Finally, comparison
of panels (a) and (b) also shows that unlinked cases have greater chances to be closer to the
market than market-linked cases when the distribution of secondary infection numbers is
over-dispersed (lower k), as observed for COVID-19 transmission (Wegehaupt et al., 2023).
The average number of secondary infections R being fixed, a greater over-dispersion (lower
k) implies that the probability of an infected individual not infecting anyone is higher. In-
dividuals at rare distant locations are therefore less likely to be included in the set of infec-
tors when « is lower, and this increases the overall chance that the median distance to the
origin of secondary infections is smaller than the median distance to the origin of primary
infections.
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Figure 1: Secondary infections are not necessarily further away from the market
than market-linked infections. Proportion of simulations for which the median dis-
tance to the market of infections of generation i of secondary cases was smaller than
the median distance to the market of market-linked cases, as a function of the relative
distance of secondary infections r; /1, for multiple generations of infections, and for
anegative binomial distribution of parameter k = 0.4 (a) or an approximately Poisson
distribution (b). Other parameters: ny, = 50, R = 2.5; 1000 replicates for each point.
The horizontal dashed line is at 5%.

Real-world data are imperfect, and the early COVID-19 case data are probably not en-
tirely devoid of bias. Importantly, however, the case datasets were obtained retrospectively.
Case definitions used in retrospective studies did not require a link to the market, since
these studies occurred after that criterion was dropped from the definition (Tsang et al.,
2020; World Health Organization, 2021; Débarre and Worobey, 2024).

We have shown that simple mechanisms explain why the residential locations of sec-
ondaryinfections may be closer to the initial source than the residential locations of source-
linked infections. This can happen in the absence of any detection bias, and without any
constraint on the angles of infection locations, as initially described in Worobey et al. (2022).
Weissman (2024)’s premise is therefore invalidated, as is his assertion of “major proximity
ascertainment bias” in the December 2019 COVID-19 data.

To conclude, we would like to point out that actual, documented SARS-CoV-2 expo-
sures and infections that took place early in the outbreak are especially illuminating here.
Atleast three private clinics served both Huanan market workers and residents in the neigh-
bourhoods surrounding the market, including one that backed onto the market itself and
one on the ground floor of a residential building nearby.? These clinics treated at least 11 of
the first 27 COVID-19 patients known by Wuhan health authorities,® including one of the
earliest-known COVID-19-patient, a shrimp vendor who worked near wildlife/meat sellers
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and believed she had been infected by them.* Tragically, an owner of one of these clinics,
who also lived near the market, serves as a human illustration of how the virus “quietly
[penetrated] into” the communities surrounding the market:® after treating several of the
earliest patients in Wuhan — Huanan market workers — Dr. Liu Deyan was infected in late
December 2019, and later died.®
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