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MICHAEL PRABHU AUGUST 20, 2021
The Hunt for the Origins of COVID — Where It Led and Why It Matters
The Chinese and international searches for SARS-CoV-2-related coronaviruses were supposed to reveal a zoonotic origin and refute a lab leak (Anderson et al., 2020). Instead, they have achieved the almost direct opposite.

https://childrenshealthdefense.org/defender/chinese-international-searches-origins-covid-zoonotic-lab-leak/
Jonathan Latham, Ph.D. and Allison K. Wilson, Ph.D., August 20, 2021
Back in March, the World Health Organization’s (WHO) report on the origin of the COVID-19 pandemic coronavirus confirmed something that had long been widely presumed. Since the pandemic began, there has been an enormous virus hunt in China.
The purpose of this hunt has been to find the viruses intermediate between SARS-CoV-2 and its coronavirus relatives found in bats.

The closest known wild relative of SARS-CoV-2 was found by Zheng-li Shi of the Wuhan Institute of Virology (WIV) in a bat in central Yunnan province, China. This virus, called RaTG13, is 96.1% similar to SARS-CoV-2.

This genetic difference (3.9%) corresponds to about 1150 nucleotide differences between the two viruses; i.e., it is quite a large gap. Finding intermediate viruses would solve two puzzles. One is geographical: By what means or in what host animal(s) did the virus get to Wuhan? The second is genetic: what viruses were the evolutionary intermediates between RaTG13 and SARS-CoV-2?

The targets of this hunt have therefore been bats but also potential intermediate host animals, such as civets or mink, either one of which might have been the vector that brought COVID-19 to Wuhan. Even partial evidence for such a trail of viral intermediates would support a likely zoonotic origin of SARS-CoV-2.

To this end, according to that WHO report, scientists across China have sampled and tested over 80,000 animals, including 1,100 bats just in Hubei province, of which Wuhan is the capital. Yet beyond a few tantalizing discoveries, which are discussed below, the search has been unsuccessful.

The broad failure of this enormous research effort has been scantly reported by the media and sometimes its significance has been dismissed entirely. Thus, the editor of Nature journal recently told the Times Higher Education Supplement that there was an “absence of new evidence” on the COVID-19 origin question.

Only a handful of mass media articles and none in the scientific literature have thus done proper justice to the negative results of the sampling in China. Exceptions are “No one can find the animal that gave people COVID-19 “in the MIT Technology Review and an excellent article by Rowan Jacobsen in Newsweek that expertly articulated the essential points.

Parallel to the hunt inside China, a broader international one has taken place across neighboring Asian countries. This hunt has mainly focussed on testing bats, which are the reservoir hosts of most coronaviruses. Unlike most of the Chinese searches, its results have been reported in the scientific literature. As a consequence, in 2021 alone, a series of very near relatives of SARS-CoV-2 have been published. These derive from Japan, Cambodia, Thailand, and Yunnan province, China.

The findings of this international search have likewise been poorly covered by the media — either ignored, or, much more rarely, misrepresented.

The purpose of this article is therefore to straighten the record. It shows that the positive and negative results of these unprecedented searches are of profound importance for understanding the origin of SARS-CoV-2.

Since the consequences of the Chinese search are fairly simple and better known, this article focuses mainly on analyzing and interpreting the published results of the international virus search.

In this article we reveal that the new coronavirus genomes from Asia contain sufficient information to narrow down the geographical source of the direct bat progenitor of SARS-CoV-2 to a quite small region, the south-central part of the Chinese province of Yunnan.

In other words, this analysis identifies with good confidence and quite precisely the location where a bat virus that ultimately became SARS-CoV-2 left its bat reservoir host, initiating the chain of events that led to the COVID-19 pandemic.

The analysis does not specify the precise nature of this initiation event. The jump out of bats may have been into an intermediate host (that later went on to infect a human), or it may have been a jump directly into a human — or even the virus may have been procured as part of a research project.
Nevertheless, such a very substantial narrowing of the location of the jump from bats represents a major step forward. Its implications for understanding the origin of SARS-CoV-2 are profound because the requirement for a Yunnan connection markedly constrains origin theories.

For example, advocates of the imported frozen food theory favored in China now have to explain how imported food came to Wuhan carrying a virus from Yunnan. Likewise, ideas that have circulated about possible European origins of the virus must now explain how a European patient zero could have acquired that virus from Yunnan. Also importantly, the bioweapon theory of Dr. Li-Meng Yan is ruled out by the newly discovered viruses discussed here.

But perhaps the greatest significance of this finding will turn out to be that the region of Yunnan indicated as the likely geographic origin is centered on a place called the Mojiang mine. This mine is already well-known to COVID-19 origins investigators.

The Mojiang mine was the site, in April 2012, of an apparent coronavirus outbreak. This outbreak affected six miners and killed three of them. The miners who became ill were shoveling bat guano, implicating the likelihood of infection by a bat virus. The Mojiang mine is also where RaTG13, the closest known natural relative of SARS-CoV-2 was found by Zheng-li Shi of the WIV. RaTG13 was collected during sampling efforts to determine the cause of the mine outbreak.

For these and other reasons, the mine is already the focus of lab origin theories. It is highly suggestive, to say the least, for this new evidence to point so precisely to this location as the source of the SARS-CoV-2 bat progenitor.

The finding is thus rich with irony as well as importance. The Chinese and international searches for SARS-CoV-2-related coronaviruses were supposed to reveal a zoonotic origin and refute a lab leak (Anderson et al., 2020). Instead, they have achieved the almost direct opposite.

Our assessment of the widespread mischaracterization of all this new evidence — in the media and the scientific literature — is therefore that most scientists and most media still resist evidence when it challenges a zoonotic origin or supports a lab leak. These new results do both.

Conclusion one: Intensive search in China yields no evidence for intermediate hosts
Based on the examples of the previous coronavirus outbreaks, the first SARS (hereafter, SARS One) and MERS, an outbreak trail leading to SARS-CoV-2 ought to begin with a reservoir host, in this case presumably bats.

The virus reached humans because an intermediate animal capable of amplifying the virus (presumably without sickening or dying itself) acquired the virus from bats. This intermediate animal host with its intermediate viruses should be a species found in close proximity to humans at or near the outbreak site.

Thus, a pool of viruses very highly related (≈99.9% similar) to SARS-CoV-2 should be findable in whatever animal species it was that transmitted the virus to humans. Most likely, these intermediates will be domesticated or farmed or smuggled animals. Thus, in the case of SARS One, Himalayan palm civets used in the restaurant trade were the likely amplifying species — in the case of MERS, domesticated dromedaries were certainly the source.

However, for SARS-CoV-2, no comparable pool of viruses in intermediate hosts has yet been found.

While the pandemic was still young, this absence was unremarkable. But, given the extent of sampling in China, the lack of evidence for any part of a transmission chain from bats in Yunnan to humans in Wuhan now represents a major data point against a zoonotic origin.

This lack is frequently dismissed by comparing how long it took to find the origins of SARS One (2002-4) and MERS (2011-2012). But since those outbreaks a lot of resources have been devoted, in China and elsewhere, to sampling and identifying viruses, particularly coronaviruses.

There have consequently been vast improvements in our understanding of virus ecology (for example, we now know about bat reservoirs). At the same time there have been huge cost reductions and major leaps in genome sequencing (especially Next Generation Sequencing), in database technology, in virus taxonomy, and in virus isolation methods.

Consequently, the current failure to find a zoonotic proximal origin profoundly challenges the notion that SARS-CoV-2 has a natural animal source. It is no credit to the media or the scientific community that this finding has received so little attention.

Conclusion two: The international search discovers a SARS-CoV-2 lineage with a pronounced geographical distribution
The second major finding is even more compelling but so far all but completely ignored. It derives primarily from the fruits of the international search for bats infected with coronaviruses.

This international search has yielded viral genome sequences that are close relatives of SARS-CoV-2. All are from various parts of Asia (Hu et al., 2018; Hul et al., 2021; Wacharapluesadee et al., 2021; Murakami et al., 2021; 2021; Li L. et al., 2021). These genomes, found mostly in bats (with a few from pangolins), represent the closest relatives of SARS-CoV-2 known from nature. All are between 79% and 96.1% similar to SARS-CoV-2.

Virtually all of these viruses were unknown before the pandemic began and some are even now published only as scientific preprints. Some are from newly sampled bat populations (e.g. Wacharapluesadee et al., 2021; Zhou et al., 2021). Others come from freezer searches for old untested samples (e.g. Murakami et al., 2021). One is even derived from a reanalysis of previously ignored sequence information from historical samples (Li L. et al., 2021).

These twelve known closest relatives of SARS-CoV-2 are listed in Table 1 below. In date order of publication, Table 1 specifies their viral names, their country or province of origin, the genetic similarity of their whole genomes to SARS-CoV-2 (in %), the distance of their sampling location from the Mojiang mine and the species they were sampled from.

The Mojiang mine, which is in central Yunnan, was selected as the center for this analysis because it is the location where the nearest naturally occurring relative of SARS-CoV-2, RaTG13, was found, in 2013 by Zheng-li Shi (Zhou P. et al., 2020).
The coordinates for the Mojiang mine used here (N 23°10’36 E 101°21’28”) are from Canping Huang’s 2016 Ph.D. thesis since those supplied by Zheng-li Shi (N 23°3’27073″, E 101°37’16074″) in Table S1 of Guo et al., 2021 are clearly incorrect.

It should also be noted that, for the purposes of this analysis, the viruses called YN04/05/08 are treated here as one single virus. This consolidation is merited because they are virtually identical in genome sequence and were found at the same location (Zhou et al., 2021). The same applies to the viruses ShSTT200 and ShSTT182 which are referred to here just as ShSTT200 (Hul et al., 2021).
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Thanks mainly to these newfound genome sequences, it is now evident that SARS-CoV-2, the pandemic-associated human virus, is just one member of a larger evolutionary lineage. This is seen in the phylogenetic tree shown in Figure 1 below. This lineage has been called the SARS-CoV-2-related lineage (and independently the ‘nCoV’ lineage by Lytras et al., 2021, Guo et al., 2021).

Figure 1 Phylogeny of the SARS-related coronaviruses (taken from Guo et al., 2021). The three lineages are highlighted in different colors. Zhejiang2013, at the bottom, is a reference outlier.
Thus, as shown in figure 1, within the Sarbecoviruses are three lineages. SARS One and its near relatives are at the top (highlighted in pink). At the bottom is a novel lineage (containing RaTG15) very recently reported in a preprint by Guo et al., 2021. In the middle, highlighted in blue, is the SARS-CoV-2 lineage that is the focus of this analysis.

The implication of the existence of all such phylogenetic lineages is that the viruses within them have (for unknown reasons) recombined more-or-less readily with each other, but mostly not with viruses from other lineages (Boni et al., 2020). Otherwise, the lineages would have merged. (We write ‘mostly’ because PrC31, ZXC21 and ZC45 are partial exceptions to this rule, having segments derived from other lineages.)

Thus, members of the SARS-CoV-2 lineage are reproductively (i.e., genetically) isolated from the other two lineages. This understanding is key to the analysis below because it means the SARS-CoV-2 lineage can be treated as a distinct group whose members are evolving independently of the other lineages.

By treating this lineage separately, the sampling location and sequence of each virus can be analyzed to answer a question that is crucial to the origin mystery. Where in the world did SARS-CoV-2 come from?

In an interview given just after returning from their famous trip to Wuhan, Peter Ben Embarek, leader of the WHO origins investigation team, expressed the following thought to an interviewer:

“[H]aving found other relatively close virus strains to SARS-CoV-2 in the region also in South East Asia where these bats live is a strong indication that’s where the source is.”

South East Asia is a big place. But Ben Embarek’s statement suggests how one can logically narrow down the possible origins of SARS-CoV-2.

In fact, a more precise analysis than this had already been published. A collaboration between the WIV and the EcoHealth Alliance used hundreds of partial viral sequences from China, most of them new to science, to map the geographical origin of SARS-CoV-2 more precisely (Latinne et al., 2020). The authors concluded:

“[W]e found that SARS-CoV-2 is likely derived from a clade of viruses originating in horseshoe bats (Rhinolophus spp.). The geographic location of this origin appears to be Yunnan province” (Latinne et al., 2020) [note: a clade equates here to a lineage].

Relatively little attention was paid at the time to this conclusion. This is largely because the authors provided two substantial caveats. The first was that viruses from outside China were not included in their study. The second caveat was that their analysis used only a small fragment (440 nucleotides) of the virus genome (for most of their samples this was the only sequence information available).

A complete coronavirus genome is approximately 30,000 nucleotides. Because recombination between coronaviruses is generally frequent, analysis of complete genomes might reasonably be expected to give different results.
However, due to the new virus discoveries (listed in Table 1), these caveats no longer apply. For the SARS-CoV-2 lineage one can therefore re-do the analysis using complete genomes for all currently identified viruses in the SARS-CoV-2 lineage for which precise geographic location data is available.

None of the researchers who published the novel SARS-CoV-2 lineage viruses in Table 1 performed such an analysis (nor did Lytras et al., 2021, who recently reviewed the evolutionary relationships of the lineage).

However, such an analysis is simple to do. First, though, it requires excluding viruses whose sampling location is uncertain. Hence, those virus sequences extracted from smuggled pangolins (P4L and MP789) are not included in this geographic analysis. This is because a virus found in a pangolin smuggled into China might have originated from almost anywhere in SE Asia.

The other provenance question relates to PrC31. According to the preprint describing it, PrC31 is from “Yunnan” (Li L.et al., 2021). We asked the authors for a more precise location but did not obtain one:

However, according to the NGDC genome database, the accession called PrC31 is from Pu’er City. This matches the initials (which are not explained in the article). Pu’er City is a town 56 km (in a straight line) from the Mojiang mine. Pu’er city, however, is also the name of an administrative district that encompasses the mine. The furthest boundary of this district from the Mojiang mine is 250 km.

Thus 250 km marks the maximum and 0 km the minimum presumed distance to the sampling site of PrC31. Given this uncertainty we decided to omit PrC31 from the distance plot (Figure 2 below). However, PrC31 is important since, over certain parts of its genome, it is the closest known virus to SARS-CoV-2. It will therefore be discussed below, where appropriate, as will the pangolin genomes.

Zeroing in
After excluding these viruses, the results are simple to interpret. Table 1 allows a comparison of the degree of relatedness of each virus to SARS-CoV-2 and the sampling location for each virus. The closest relative of SARS-CoV-2 (RaTG13, 96.1% similar at the nucleotide level) was found at the Mojiang mine in Yunnan Province. The next closest genetic relatives of SARS-CoV-2 are RmYN02 (93.2% similar) and RpYN06 (94.48% similar).

These two viruses were both also found in Yunnan, just 150 km away (in a straight line) from RaTG13. The next two closest relatives of SARS-CoV-2 are, almost equally, RshSTT200 (92.70%) and RacCS203 (91.15%). These two viruses were discovered 1,180 km away and 1,070 km away, respectively.

The next most distantly related (after PrC31 which cannot be pinpointed) are ZXC21 (87.39%) and ZC45 (87.63%). These were found 2,195 km away, followed by C_o319 (79.06%) from Iwate, Japan, 4,140 km away.

There is an obvious pattern here, which is even more evident when Table 1 (minus PrC31 and the pangolin viruses) is plotted out, as in Figure 2.
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Thus, with the sole exception of YN04/05/08, every virus in the SARS-CoV-2 clade falls on an almost perfect straight line. Beginning from the discovery location of RaTG13, the further away from the mine a virus was found, the less closely related to SARS-CoV-2 it is.
Thus, if we knew nothing else about the origin of SARS-CoV-2 we would learn from this plot that, first, genetic variation among the bat viruses in this lineage is highly correlated with geographic location.

Second, that the direct bat progenitor of SARS-CoV-2 came from a bat living at or near to the Mojiang mine in south-central Yunnan, China. In other words, the Mojiang area of Yunnan was the site of the key zoonotic leap where SARS-CoV-2’s ancestor exited its bat reservoir.

This leap may have been directly into a human. Alternatively, the leap may have been into an intermediate host. The third possibility is that the leap was assisted by scientists collecting or researching bat viruses.

These findings can also be displayed in map form. Figure 3. shows the sampling location of all the viruses plotted in Figure 2.
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Figure 3. Phylogeography of the SARS-CoV-2 lineage.
The only outlier in this analysis is YN04/05/08. Its presence in Yunnan can presumably be explained as a less related virus that migrated back towards Yunnan. An alternative possibility is that YN04/05/08 is not recombining with the other viruses in the lineage and is in the process of forming a new lineage.

This exception does not refute the overall analysis. Only the discovery of a natural virus that was closely related to SARS-CoV-2 but that was found far away would do that because it would therefore show that the progenitor of SARS-CoV-2 might also have originated far from Mojiang. To date, none has been found.

The geography of SARS-like coronaviruses
Combining genome sequences with map locations is an established practice known as phylogeography and there are strong precedents (in addition to Latinne et al, 2020) for studying bat coronaviruses using this methodology.

An important example, which is highly relevant since it also involves SARS-related coronaviruses with very similar bat hosts, is a study titled “Geographical structure of bat SARS-related coronaviruses.” This was research done by Yu Ping, a student of Zheng-li Shi’s. These authors concluded that viruses in the SARS One lineage circulated freely among the Rhinolophid (horseshoe) bats that are their reservoir hosts. This lack of host restriction meant that:

“[S]pace presents a greater barrier to virus diversification than host species for the evolution of bat SARSr-CoVs.”

In other words, geographic proximity better predicted the occurrence of specific isolates than did bat host species. So whereas one might have predicted that these viruses moved freely within each species of horseshoe bat and only sometimes switched between them, and thus viral genetic variation would closely track bat species distributions, it seems instead that this lineage of coronaviruses easily switched between the different species of horseshoe bats that are their hosts.

Largely unfettered movement between hosts means that, whenever new virus variants arise or new recombinant genomes arise, these can easily spread within one cave or one roosting site to other species (of horseshoe bat). They have more difficulty disseminating to other caves and sites.

Presumably, their bat hosts have life histories or specific behaviors, such as flight path routines or infrequent switching of roosting sites that can explain this limited viral movement. The relevant consequence of this is that, within a lineage, virus location predicts the degree of similarity to other isolates.

Yu Ping’s finding is consistent with a landmark study of SARS-related coronaviruses published by Zheng-li Shi’s lab at around the same time. While at first sight these findings seem to contradict the applicability of phylogeographic approaches for these viruses, it turns out they are more likely to be the exception that proves the rule.

In 2017 Zheng-li Shi’s group reported finding, in one single location, multiple strains of SARS-related coronaviruses with (between them) the highest known genetic similarity to SARS One, the virus that caused the 2002-04 outbreak (Hu et al., 2017). The site was a cave close to Kunming, capital of Yunnan province.

The authors reached two major conclusions:

1. That the direct bat progenitor of SARS One arose through recombination among precursors of these viruses.

2. That Yunnan was “likely to be the geographical source” of SARS One.
And more broadly:

“SARSr-CoV evolution is strongly correlated with their geographical origin, but not host species.” (Hu et al., 2017)

As the authors acknowledged, this generated what was subsequently termed a ‘mismatch’. The puzzle consisted of the fact that the 2002 SARS One outbreak commenced in Guangzhou, Guangdong province (where the virus apparently jumped from civets to humans). Guangzhou is 1,200 km south east of the cave near Kunming where the spillover to humans would have been predicted from the phylogeographic evidence alone.

According to Zheng-li Shi, in comments made at the time to a Chinese online newspaper, this mystery can be resolved:

“The Paper: Is the civet being wronged?

“Shi Zhengli: Not wronged. It is a fact that it spreads the SARS virus, it is the intermediate host, and bats are the source.

“We went to a township under Kunming, Yunnan. I checked the information at that time. In 2003, there was a civet breeding farm in Kunming, but there is no more now. At that time, the country’s civet cats were sold in Guangdong, mainly for food.” [Google translate]

In other words, Zheng-li Shi had a ready explanation in 2017 (which is not mentioned in Hu et al., 2017) for how SARS One moved from Kunming, Yunnan, to the outbreak epicenter. It likely spread via civets, which have long been considered the likely intermediary host for SARS One. Presumably, civets being farmed in Kunming became infected via contact with bats.

Subsequently, ones infected with the direct progenitor of SARS One were then transported to Guangdong.

The example of SARS One suggests two things. First, that it is indeed practicable and productive to track bat coronavirus reservoirs down to the microgeographical level of a few kilometers. Thus, it would not be surprising, since the SARS One lineage and the SARS-CoV-2 lineage share the same host species (Rhinolophus bats), and these bats rarely fly far afield, if the SARS-CoV-2 lineage could be similarly tracked.

Second, the successful mapping of SARS One and the strong geographical associations often noted in the virology literature for similar bat coronaviruses (see Latinne at al., 2020 and also Fig. 3 in Boni et al., 2020), make it puzzling that coronavirologists have not already analysed SARS-CoV-2 and its newfound relatives in the same way.

SARS-CoV-2: The provenance of its genome subparts
This analysis has so far established that genetic relatedness among the SARS-CoV-2 lineage of coronaviruses in their bat reservoir is strongly correlated with sampling location. Such a correlation allows viral genome sequence alone to be used to find the geographic source of any bat virus in the lineage if that is not already known. Applied to SARS-CoV-2 this reasoning locates its last bat ancestor to at or near the Mojiang mine.

This finding is considerably more than a simple reformulation of the idea that the mine where RaTG13 was found might be important or the conclusion of Latinne et al., 2020, that SARS-CoV-2 might have come from Yunnan.

This phylogeographic analysis greatly strengthens the weight and precision of this association. By showing that the highest related genomes are all nearby and only less related ones far away, the association of the mine with SARS-CoV-2 is not a happenstance but part of a general phylogeographic pattern among the SARS-CoV-2 lineage.

This pattern makes it highly probable that the direct bat precursor virus of SARS-CoV-2 came from, at most, within a few hundred kilometers of the Mojiang mine, with the mine itself being the epicenter of the probability gradient, i.e., the most likely single spot.

The approach used above correlated whole genomes with location. A variant of this method is to take into account the fact that different sections of the SARS-CoV-2 genome have independent evolutionary histories due to recombination between viruses (e.g., Boni et al., 2020; Lytras et al., 2021). Dividing up the evolution of the SARS-CoV-2 genome and its related coronaviruses into these independently evolving sections is arguably a more nuanced approach to determining its origin.

However, there are trade-offs. Breaking down the genome requires making assumptions about historic recombination breakpoints, and these estimates can introduce errors of their own.

What happens when one does delve down?
If one compares the genome of SARS-CoV-2 with the other members of the SARS-CoV-2 lineage (including PrC31 and the pangolin genomes) by creating a similarity plot (this one generated by Twitter user @Babarlelephant), an important point becomes immediately clear.

None of the viruses currently identified can be the sole direct ancestor of SARS-CoV-2, not even RaTG13 (even though RaTG13 is by a considerable way the closest in overall percent similarity).

As the similarity plot shows (by finding the highest line on the plot), some regions of SARS-CoV-2 are clearly genetically closer to RmYN02 (the light blue line) than to RaTG13 (the red line), while for other regions the closest to SARS-CoV-2 is RpYN06 (the black line).

Four separate parts in ORF1, meanwhile, are closest to PrC31 (the green line). One very short segment (including the crucial receptor binding domain (RBD) is closest to the Guangdong pangolin genome (MP789) while another very short segment is closest to RacCS203.

The similarity to SARS-CoV-2 shown by these latter two segments, however, should be treated with caution. They are short enough that their apparent close relatedness may have arisen through chance (i.e. they are potential examples of convergent evolution) and not through having a common ancestor.

The key overall point to be learned from the plot is that, for over 99% of the genome of SARS-CoV-2, the closest known genetic sequence is present either in RmYN02, RpYN06, PrC31, or RaTG13.

These four viruses are thus the closest relatives of SARS-CoV-2, depending on which part of the genome is examined. This makes SARS-CoV-2 a recombinant whose genome is, effectively, a synthesis of each of these different bat viruses.
Given that these four viruses are all from the same limited region of central-southern Yunnan this is, if anything, a still more convincing demonstration than the whole genome analysis presented above, that this area is the source of SARS-CoV-2.

The spike protein
This discussion has so far taken a simple mathematical approach that omits a crucial aspect of the COVID-19 emergence story — the nature of coronaviral zoonoses.

A zoonotic emergence of a bat coronavirus into humans requires something unusual. Most bat coronaviruses do not infect humans or human cells because they lack a spike protein capable of binding human ACE2 (or, like MERS, another human receptor) (Hu et al., 2017).

The spike protein, therefore, as has often been pointed out, has a special role in triggering emergence. In fact, in 2014, Zheng-li Shi and Peter Daszak were awarded a U.S. NIH grant to test whether “S(pike) protein sequences predict spillover potential” as measured by their ability to bind human ACE2. Their prediction was that spike binding alone predicts emergence, a suggestion originally proposed by Kuo et al. in 2000.

The inspiration for this approach was their research on the jump into humans of SARS One discussed above. In the cave near Kunming where they found the series of viruses most closely related to SARS One, they also noted that some of these viruses, unusually for bat coronaviruses, had spike proteins that bound human ACE2 (Ge at al., 2013). Experiments were able to show that these particular spikes enabled whatever bat virus carried them to infect human cells.

Their working hypothesis became that any bat coronavirus with a human compatible spike could switch species — from bats to humans — regardless of the rest of the genome (Ge et al., 2013).

A human-compatible spike was both necessary and sufficient for a zoonotic leap.

The cave near Kunming, therefore contained the nearest relatives of SARS One solely because a subset of them had the right spike to unlock human cells using their ACE2 binding ability.

Coronaviruses containing this spike then encountered a physical route, via farmed civets, that led to human infections and ultimately the SARS One outbreak (Hu et al., 2017).

Thus, once a spike evolved in a bat that could bind the human ACE2, the remaining sequences followed, essentially opportunistically.

The implication for the emergence of SARS-CoV-2 is that, whereas the provenance of each part of the SARS-CoV-2 genome is of equal phylogeographic interest, not all coronavirus genome regions are equal in other ways. The most important region of the genome, so far as zoonotic emergence is concerned, is the part that specifies the spike.

Inspecting the similarity plot again we can see that the closest spike found anywhere is, by a large margin, the one possessed by RaTG13 — and RaTG13, we know, was found in the Mojiang mine.

The RaTG13 spike shares 98% amino acid identity with SARS-CoV-2. However, while some researchers have concluded that the spike of RaTG13 binds human ACE2 but only moderately well, others have concluded there is negligible binding, Guo et al., 2021.

But what is much more important than these somewhat inconclusive results is that (unless SARS-CoV-2 was a product of lab enhancement) we can be fairly certain that the progenitor (RaTG13-like) virus which first infected a human, also bound human ACE2, at least to some degree, and that it was this binding that enabled the spillover.

From this premise we can reconstruct a plausible emergence pathway. An RaTG13-like spike, from Mojiang or nearby, led to the zoonosis. It combined with genome sequences similar to RmYN02, RpYN06 and PrC31 and these followed in its wake.

Thus, by length of the total genome contributed, RmYN02, RpYN06, RaTG13 and PrC31 were approximately equally important to the rise of SARS-CoV-2. However, from a zoonotic perspective, the spike region contributed by RaTG13 is much the most important. It would have catalyzed the outbreak and therefore RaTG13, or some close relation, is the best candidate for being present at the pivotal moment: the infection of patient zero.

The implications for zoonotic theories of an origin in south-central Yunnan
Locating the bat progenitor of SARS-CoV-2 to the Mojiang area of Yunnan has major implications for understanding the origin of SARS-CoV-2.

First, it places substantial constraints on natural zoonotic origin possibilities.

Zoonotic origin theories typically assume a proximal source in farmed or smuggled or wild animals. The analysis developed above implies, however, that any zoonotic theory must plausibly accommodate a bat jump in south-central Yunnan, much as Zheng-li Shi hypothesized for SARS One a little further north.

For example, a widely discussed zoonotic possibility is that SARS-CoV-2 was smuggled or traded into Wuhan, e.g. via “Malayan pangolins illegally imported into Guangdong province,” Lam et al., 2020). This pangolin origin possibility is still widely cited, although it has also been the subject of much scientific criticism (Lee et al., 2020; Lytras et al, 2021; Choo et al., 2020).

The expectation has been that this pangolin reached Wuhan from countries like Malaysia, Cambodia or Laos, where pangolins are fairly common (Lee et al., 2020). Our phylogeographic analysis indicates, however, that the pangolin must have acquired its virus from the bat reservoir in Yunnan and not in its country of origin or some other part of China. So while acquiring the virus in Yunnan does not rule out a pangolin as a proximal origin or a zoonosis per se, this analysis does constrain these possibilities very significantly.

To choose another example, some apparent very early COVID-19 cases have been reported from Spain, Italy and France. A Yunnan origin, however, posits that the virus did not ultimately come from Europe.
Thirdly, a south-central Yunnan origin has implications for the suggestion of Chinese scientists that SARS-CoV-2 reached China from abroad via frozen food.

This idea was apparently taken seriously by WHO investigators but it seems incompatible with a central Yunnan origin. Even if the food came from abroad, the virus contaminating it presumably did not.

Fourth, a zoonosis implies the existence of naturally-occurring intermediate viruses that ought to bridge the genetic gap of 1150 nucleotides between RaTG13 and SARS-CoV-2 (recently estimated at around 40yrs by Lytras et al., 2021 and also Boni et al., 2020). This gap has been partially filled by the discoveries of RmYN02, RpYN06 and PrC31, which in certain genome regions are intermediate in sequence between RaTG13 and SARS-CoV-2.

Nevertheless, even taking these viruses into account, about two thirds of the gap in the putative zoonotic trail remains. These hypothetical naturally-occurring intermediates have not been discovered, it is suggested, because bat coronaviruses have been “massively under-sampled.”

However, a south-central Yunnan origin implies that any under-sampling pertains specifically to Yunnan, since this is where all the other close relatives of SARS-CoV-2 have been found.

Is Yunnan under-sampled? As we have previously summarized, numerous different virology teams extensively sampled in Yunnan, especially at the Mojiang mine, even before the pandemic struck. For example, Zheng-li Shi’s colleagues alone visited the Mojiang mine seven times in the years following the 2012 outbreak. At least three other teams of virologists sampled the mine looking for coronaviruses prior to the pandemic.

By their own accounts, WIV researchers alone took thousands of samples and found hundreds of coronaviruses. Post-pandemic, AP documented numerous wildlife sampling research projects in China as part of what it called a “hidden hunt for coronavirus origins” especially in bats, including in Yunnan. Thus, massive under-sampling at this point in time seems questionable.

The discussion above demonstrates that pinpointing a specific region of Yunnan as the site of the jump from bats requires zoonotic theories to be more specific and precise in terms of host species, viral intermediates and their expected locations. This specificity is highly valuable. It should make every theory both easier to confirm or to refute. On the other hand, any theory that cannot be adapted to include a Yunnan origin ought, henceforth, to be considered not credible.

The implications for lab escape theories of an origin in south-central Yunnan
Lab origin theories of SARS-CoV-2 also should have their credibility tested against these new virus sequences. Li-Meng Yan and colleagues have proposed that SARS-CoV-2 is a deliberately released bioweapon.

These authors proposed that the backbone of this ‘weapon’ was ZC45 and/or ZXC21. However, because RaTG13, RmYN02, RpYN06 and PrC31 are, depending on the region of the genome selected, invariably closer to SARS-CoV-2 than either of ZC45 or ZXC21, Dr. Yan’s formulation of a bioweapon theory can be confidently ruled out.

A Mojiang location constrains other lab origin theories too.

Three distinct categories of lab accident theory have been proposed so far. The simplest scenario is that SARS-CoV-2 resulted from infection of a researcher on a sample collecting trip. This worker could have infected others when they returned to Wuhan. From the present analysis it can be inferred that any such collecting trip would have been to south/central Yunnan. Consequently, it may be possible to effectively rule out this possibility if it could be shown that no virologist from Wuhan travelled to Yunnan province in mid-to-late 2019.

A second category of lab origin postulates that RaTG13 (or a similar virus) was obtained from the Mojiang mine and enhanced or altered for some vaccine or technology-related research purpose. This genetically manipulated or passaged virus then escaped. Such theories are consistent with any phylogeographic findings since any changes from known viruses can, in principle, be explained by lab manipulation or adapted to propose an alternative source of the viral backbone.

Therefore, an origin close to Mojiang is not a major constraint. A much greater one is that these lab origin theories do need to explain why genome sequences resembling the naturally-occurring viruses RmYN02, RpYN06 and PrC31 are found in SARS-CoV-2.

Presumably this explanation might be that researchers in Wuhan had access to another virus, one that combined an ORF1 region that was more similar to these sequences with an RaTG13-like spike. This virus was then modified, perhaps by inserting a furin cleavage site. The expectation would nevertheless be that this hypothetical virus came from south-central Yunnan.

The third category of lab escape is our Mojiang Miners Passage theory. This is based on the medical cases of the six miners, mentioned above, who all became sick in 2012 whilst shoveling bat guano at the Mojiang mine.

These six miners all developed COVID-19-like symptoms and were diagnosed at the time with a probable novel coronavirus. The theory proposes that a RaTG13-like coronavirus (or mixture of viruses that later recombined into one) from the mine infected the miners. Some of these miners were ill for almost six months. Our suggestion, therefore, is that the bat virus(es) that infected them evolved (through a passaging-like process) inside their bodies to become human-adapted.

Since it is known that numerous medical samples were taken from the miners and many were sent to the Wuhan Institute of Virology, this virus may have escaped when those medical samples were used for research, perhaps to culture the virus or to manipulate it

We favor this theory because it explains numerous otherwise puzzling features of SARS-CoV-2.

These features are:

1. The high improbability of a zoonotic appearance of a SARS-related coronavirus in Wuhan.

2. The apparently pre-adapted nature of the virus to humans.
3. A miner’s passage predicts a single zoonotic jump to humans [which fits the data on early human sequences] and which is inconsistent with most viral zoonoses, which typically feature multiple jumps into humans.

4. A miner-derived virus also explains the proclivity of SARS-CoV-2 for human lungs, which is a characteristic that many coronaviruses lack.

5. The theory can also explain the extensive attempts to deny or obscure research occurring at the WIV (see also the Zhou P. et al., 2020a addendum).

The Mojiang miners hypothesis even has an evolutionary explanation for the infamous furin cleavage site. However, none of this precludes the possibility that the miner-derived virus was also lab-altered.

Since the theory specifically postulates that patient zero was a Mojiang miner who acquired one or more SARS-CoV-2-related viruses directly from the bats in the mine, the miners passaging theory matches perfectly the phylogeography of SARS-CoV-2 lineage revealed above. Indeed, it is an explicit prediction of the Mojiang miner passage theory that SARS-CoV-2 is composed of viruses originating there.

Consequently, a miner passage origin is also consistent with SARS-CoV-2 being a mosaic of RmYN02, RpYN06, PrC31 and RaTG13 since, as the phylogeography shows, these viruses, or their close relatives, could have been present in the mine when the miners fell ill.

A miner passage is therefore not just compatible with but greatly strengthened by all the new evidence from wild viruses that has emerged since the pandemic began.

A phylogeographic approach to the SARS-CoV-2 lineage thus provides a striking result on several fronts. Lab origin theories can readily account for a south/central Yunnan origin, since the Mojiang mine is already their starting point.

But while the various lab leak theories have their differing explanations (evolution in the miners/genetic engineering/lab passaging) for how RaTG13 (or similar viruses) might have given rise to SARS-CoV-2, a natural zoonotic origin relies on evolution in wild (or at least semi-natural) settings and this should leave traces in the form of intermediate viruses.

It is therefore a highly problematic state of affairs for all zoonotic theories that, 1) no viruses with an overall similarity higher than RaTG13 have been found and, 2) that no intermediate viruses from potential intermediate hosts have been found. We can now conclude, however, that Yunnan is the place where it should have succeeded.

To sample or not to sample
If a bona fide closer relative of SARS-CoV-2 were found tomorrow in a bat far away from south-central Yunnan, then the genetic distribution of SARS-CoV-2 progenitors would have to be rethought and the special significance of south-central Yunnan would stand refuted.

One obvious approach is therefore to call for more sampling to test the association. Yunnan would be the logical focal point of this search.

However, there is a clear problem with further sampling. It is likely that the SARS One pandemic originated from a bat virus from Yunnan that had evolved the ability to infect humans. The 2012 miner outbreak likewise exemplified the risks of close contact with bat coronaviruses. Furthermore, the phylogeographic analysis presented here greatly strengthens the case, already strong, that SARS-CoV-2 ultimately resulted from virus sampling.

So the paradox is rather acute. What or who will ensure that future sampling is conducted with far greater prudence than virologists have so far mustered?

There is one further crucial issue. To date, both the Wuhan Institute of Virology and the EcoHealth Alliance in New York have refused requests by Congress and others, to allow public access to their existing coronavirus samples and their viral databases. These may hold answers to all the origin questions.

But if publicly-funded virologists will not share the samples they already have, and are apparently unwilling to face the conclusions public access might entail, why should anyone reward them to collect more? Indeed, how can research into the origins of COVID-19 meaningfully proceed if virologists will neither share their data nor follow where it leads when they do?

The abject failure of the WHO and also of established science, in China and elsewhere, to genuinely investigate the origin question can thus be explained. The problem is not lack of data.

As this article and the creative approaches of members of DRASTIC, and others, have shown, there is plenty of valuable data waiting to be brought forth. Rather, the obstacle is simply a deep and broad fear on the part of the scientific establishment that the trail might lead to a lab leak.

The lack of outrage, or even concern, among the rank and file of the scientific community at the flagrant obstructionism of the WIV and the EHA demonstrates the extent of this fear as clearly as could be wished.

The underlying problem is that academic science is enmeshed in a wider transnational Pandemic Virus Industrial Complex that has sought to suppress lab origin theories and within which the WIV and the EHA are just minor cogs.

The important consequence of this is that outbreak origin investigations are always challenging. They require people who are expert but are either not conflicted or who have demonstrated their independence. Consequently, the best data and analysis on the origin of SARS-CoV-2 will continue to come, we predict, mainly from individuals acting independently of established institutions.
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REBUILDING CATHOLIC SOCIAL ORDER AFTER THE GREAT RESET 29 SEPTEMBER 2021
http://ephesians-511.net/recent/docs/REBUILDING_CATHOLIC_SOCIAL_ORDER_AFTER_THE_GREAT_RESET.doc
THE GLOBAL PREDATORS BEHIND THE COVID REIGN OF TERROR 4 OCTOBER 2021 - THE GREAT RESET
http://ephesians-511.net/recent/docs/THE_GLOBAL_PREDATORS_BEHIND_THE_COVID_REIGN_OF_TERROR.doc
CDL. TURKSON WHO SAYS BIDEN MAY RECEIVE COMMUNION SUPPORTS GREAT RESET AGENDA 6 OCTOBER 2021
http://ephesians-511.net/recent/docs/CDL_TURKSON_WHO_SAYS_BIDEN_MAY_RECEIVE_COMMUNION_SUPPORTS_GREAT_RESET_AGENDA.doc
ABP. VIGANO ON THE ‘LABYRINTH’ OF COVID LIES AND THE GREAT RESET 11 OCTOBER 2021
http://ephesians-511.net/recent/docs/ABP_VIGANO_ON_THE_LABYRINTH_OF_COVID_LIES_AND_THE_GREAT_RESET.doc
THERE’S A CRIMINAL CONSPIRACY TO USHER IN GLOBAL SOCIALISM USING THE PANDEMIC 14 OCTOBER 2021
http://ephesians-511.net/recent/docs/THERES_A_CRIMINAL_CONSPIRACY_TO_USHER_IN_GLOBAL_SOCIALISM_USING_THE_PANDEMIC.doc
ABP. VIGANO WARNS OF COMING ECOLOGICAL DICTATORSHIP 18 OCTOBER 2021 THE GREAT RESET 
http://ephesians-511.net/recent/docs/ABP_VIGANO_WARNS_OF_COMING_ECOLOGICAL_DICTATORSHIP.doc
FORMER CANADIAN PROVINCIAL PREMIER CALLS OUT COVID TYRANNY, SAYS END GAME IS A GLOBAL RESET 22 OCTOBER 2021
http://ephesians-511.net/recent/docs/FORMER_CANADIAN_PROVINCIAL_PREMIER_CALLS_OUT_COVID_TYRANNY_SAYS_END_GAME_IS_A_GLOBAL_RESET.doc
THE GREAT RESET WANTS ‘BILLIONS OF CHRONICALLY ILL PEOPLE’ WARNS ABP. VIGANO 26 OCTOBER 2021
http://ephesians-511.net/recent/docs/THE_GREAT_RESET_WANTS_BILLIONS_OF_CHRONICALLY_ILL_PEOPLE_WARNS_ABP_VIGANO.doc
MICHAEL MATT-IS THE POPE CATHOLIC? 28 OCTOBER 2021 – THE GREAT RESET 
http://ephesians-511.net/recent/docs/MICHAEL_MATT-IS_THE_POPE_CATHOLIC.doc
GLOBAL ELITE ARE PLAYING GOD IN THEIR PUSH TO DIGITIZE HUMAN LIFE 29 OCTOBER 2021 THE GREAT RESET 
http://ephesians-511.net/recent/docs/GLOBAL_ELITE_ARE_PLAYING_GOD_IN_THEIR_PUSH_TO_DIGITIZE_HUMAN_LIFE.doc
BP. SCHNEIDER ON GLOBAL DARKNESS, POPE FRANCIS AND THE PANDEMIC OCTOBER 2021 THE GREAT RESET 
http://ephesians-511.net/recent/docs/BP_SCHNEIDER_ON_GLOBAL_DARKNESS_POPE_FRANCIS_AND_THE_PANDEMIC.doc
ABP. GOMEZ BLASTS GLOBALIST ELITE, PANDEMIC-DRIVEN GREAT RESET 8 NOVEMBER 2021
http://ephesians-511.net/recent/docs/ABP_GOMEZ_BLASTS_GLOBALIST_ELITE_PANDEMIC-DRIVEN_GREAT_RESET.doc
THE GREATEST RESET-FROM ROME TO DAVOS, A CATHOLIC’S DUTY TO RESIST 9 NOVEMBER 2021
http://ephesians-511.net/recent/docs/THE_GREATEST_RESET-FROM_ROME_TO_DAVOS_A_CATHOLICS_DUTY_TO_RESIST.doc
MRNA SHOTS ARE GENE THERAPY MARKETED AS VACCINES 10 NOVEMBER 2021 THE GREAT RESET
http://ephesians-511.net/recent/docs/MRNA_SHOTS_ARE_GENE_THERAPY_MARKETED_AS_VACCINES.doc
ABP. VIGANO CONDEMNS SWISS PANDEMIC MEASURES 11 NOVEMBER 2021 THE GREAT RESET
http://ephesians-511.net/recent/docs/ABP_VIGANO_CONDEMNS_SWISS_PANDEMIC_MEASURES.doc
THE RIGHT TO PROPERTY, POPULATION CONTROL, THE UN, THE WEF, AND THE GREAT RESET 11 NOVEMBER 2021
http://ephesians-511.net/recent/docs/THE_RIGHT_TO_PROPERTY_POPULATION_CONTROL_THE_UN_THE_WEF_AND_THE_GREAT_RESET.doc
ABP. VIGANO APPEALS FOR ANTI-GLOBALIST ALLIANCE AGAINST THE GREAT RESET 18 NOVEMBER 2021
http://ephesians-511.net/recent/docs/ABP_VIGANO_APPEALS_FOR_ANTI-GLOBALIST_ALLIANCE_AGAINST_THE_GREAT_RESET.doc
DIABOLICAL COVID AGENDA WANTS TO DESTROY CHRISTIAN CIVILIZATION 19 NOVEMBER 2021 [GREAT RESET]

http://ephesians-511.net/recent/docs/DIABOLICAL_COVID_AGENDA_WANTS_TO_DESTROY_CHRISTIAN_CIVILIZATION.doc
MRNA PIONEER DR. MALONE SAYS THE FUTURE OF GLOBAL TOTALITARIANISM IS HERE 29 NOVEMBER 2021 [THE GREAT RESET]
http://ephesians-511.net/recent/docs/MRNA_PIONEER_DR_MALONE_SAYS_THE_FUTURE_OF_GLOBAL_TOTALITARIANISM_IS_HERE.doc
SWEDISH BIOHACKER PROMOTES IMPLANTED MICROCHIP COVID PASSPORTS IN YOUR HANDS 30 NOVEMBER 2021 [THE GREAT RESET]

http://ephesians-511.net/recent/docs/SWEDISH_BIOHACKER_PROMOTES_IMPLANTED_MICROCHIP_COVID_PASSPORTS_IN_YOUR_HANDS.doc
W.H.O. CALLS FOR GLOBAL GOVERNANCE 3 DECEMBER 2021 THE GREAT RESET
http://ephesians-511.net/recent/docs/WHO_CALLS_FOR_GLOBAL_GOVERNANCE.doc
MRNA INVENTOR DR. ROBERT MALONE STANDS WITH ABP. VIGANO’S CALL FOR ALLIANCE AGAINST ‘FUNDAMENTALLY EVIL’ COVID TYRANNY 3 DECEMBER 2021 [THE GREAT RESET] NEW WORLD ORDER
http://ephesians-511.net/recent/docs/MRNA_INVENTOR_DR_ROBERT_MALONE_STANDS_WITH_ABP_VIGANOS_CALL_FOR_ALLIANCE_AGAINST_FUNDAMENTALLY_EVIL_COVID_TYRANNY.doc
ARE COVID PASSPORTS A TROJAN HORSE FOR INTRODUCING A WORLDWIDE SOCIAL CREDIT SYSTEM? 6 DECEMBER 2021 - THE GREAT RESET
http://ephesians-511.net/recent/docs/ARE_COVID_PASSPORTS_A_TROJAN_HORSE_FOR_INTRODUCING_A_WORLDWIDE_SOCIAL_CREDIT_SYSTEM.doc
CDL. MULLER ENDURES CRITICISM FOR REJECTING GREAT RESET AGENDA 15 DECEMBER 2021
http://ephesians-511.net/recent/docs/CDL_MULLER_ENDURES_CRITICISM_FOR_REJECTING_GREAT_RESET_AGENDA.doc
FRANCIS, THE INTOLERANT POPE 18 DECEMBER 2021 THE GREAT RESET 
http://ephesians-511.net/recent/docs/FRANCIS_THE_INTOLERANT_POPE.doc
MICHAEL MATT OF THE REMNANT CALLS FOR ECUMENICAL COALITION TO RESIST FRANCIS 21 DECEMBER 2021 THE GREAT RESET
http://ephesians-511.net/recent/docs/MICHAEL_MATT_OF_THE_REMNANT_CALLS_FOR_ECUMENICAL_COALITION_TO_RESIST_FRANCIS.doc

ABP. VIGANO’S MESSAGE TO THE AMERICAN PEOPLE 23 DECEMBER 2021 THE GREAT RESET 
http://ephesians-511.net/recent/docs/ABP_VIGANOS_MESSAGE_TO_THE_AMERICAN_PEOPLE.doc
At my web site, at http://www.ephesians-511.net/reports.php, you will find* around 1500 Catholic-perspective analyses of the coronavirus (Covid 19) pandemic and related issues (masks, lockdowns, quarantines, vaccines, vaccine passports; banning of Masses and Communion on the tongue, etc.) and “The Great Reset”. They are being collated into one file* that will provide individual titles and links in chronological order. To be released 01-01-2022.  
*Soon to be available all-in-one file:                                                                                                                                                    ALL YOU WANTED TO KNOW ABOUT THE CORONAVIRUS PANDEMIC FROM A CATHOLIC PERSPECTIVE-MICHAEL PRABHU                                                                                                                                           http://ephesians-511.net/recent/docs/ALL_YOU_WANTED_TO_KNOW_ABOUT_THE_CORONAVIRUS_PANDEMIC_FROM_A_CATHOLIC_PERSPECTIVE-MICHAEL_PRABHU.doc 
