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Abstract

We aimed to use computer simulation modeling of large datasets to explain the experience of Wuhan, China, and compare other global experiences based upon the assumptions that correctly predicted the course of the epidemic in Wuhan. We used a propagmath simulation tool to simulate different Wuhan epidemic trajectories to see how they could fit with what is reported or explained in the literature. We proceeded to multiple simulations to explore which ones would fit end points. These simulations are available at
http://157.245.67.202/propagmath/RegionView/103. All scenarios meeting the specified outcomes were consistent with sufficient collective protection having been reached before the stay home mandate was lifted or even earlier. This remains true even after adjusting for a slowdown of the reproduction rate in spring and summer. Scenarios in which the virus had some of its natural course before being slowed down lead to a rebound at the times where seasonality is most favorable to the epidemic with a comparable rebound. Some researchers have hypothesized that lockdown and stay home mandate in Wuhan led to virus extermination in the city allowing a return to normal life. No other country or territory in the Northern hemisphere where the virus had reached a significant circulation level succeeded in achieving a similar result. Some countries like Morocco or Israel had very long and strict stay home mandates and failed to exterminate the epidemic sometimes with higher mortality, multiple phases, and longer epidemics than neighboring countries. We offer potential explanations for these differences.
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Introduction

Considering accumulated knowledge, we revisit epidemic trajectories starting from Wuhan and how it came back to normal conditions while others in the northern hemisphere that tried to reproduce Wuhan's approach failed once the virus was circulating. We propose that strict non-pharmacological interventions (NPIs) or stay home mandates did not lead to virus extinction and, while slowing the epidemic in some cases, may have resulted in its bouncing back with a high price. This paper explores an alternative explanation as to what happened in Wuhan and the observations in northern hemisphere territories.

Methods and tools

We used a propagmath simulation tool to simulate different Wuhan epidemic trajectories to see how they could fit with what is reported or explained in the literature. We used the following assumptions in this model:

1) The earliest known case in Wuhan was reported on November 17, 2019, consistent with an infection beginning on November 12th. Patient 0 remains unknown. Other reports indicate onset in very early December. The epidemic onset would be between November 1st and December 1st [1][2][3][4][5][6]
2) The conversion from infection to symptoms (case) and from symptoms to death and spread duration of infected is mostly 8 to 10 days from infection [7][8][9][10][11]
3) Wuhan's population is 11 million people.
4) The estimated reproduction rate (R0) for Wuhan at the early stages was 2.2 to 3.0 [12][13][14][15]
5) The infection fatality rate (IFR) values for Asia range from 0.06 % to 0.3%[16][17]
6) We estimate the effects of NPIs based on available data.[18][19][20][21][22][23][24]

We tested scenarios with the following endpoints :

1) Mortality between 3,000 and 6,000 people.
2) Peaks in cases between January 25th and February 2nd 
3) Peaks in mortality between February 1st and February 18th
4) Two Chinese studies which teach us that there continued to be cases after lockdown was lifted, without causing disease in spite of restrictions being lifted and mass gatherings in discotheques in the summer 2020 and onwards[25][26]

We explored the literature as to how long immunity lasts based upon existing literature.[28][29][30][31][32][33][34][35] We explored dissemination factors and herd immunity thresholds based upon existing literature. [26][36][37][38][39][40]

We proceeded to multiple simulations based on the above findings to explore which ones would fit end points. These are available at
http://157.245.67.202/propagmath/RegionView/103.

We selected 6 scenarios that met the specified end points with an onset between November 1st and November 12th.  We selected one scenario with onset on December 1st with a higher R0 value.  We then explored 3 scenarios that met all the end points except that of a fading epidemic resulting in extinction. We compared these 3 scenarios with the epidemic trajectory in 16 temperate weather countries, 8 American states, 96 French departments, 3 Italian regions, and 15 Spanish autonomous communities. We also compared these scenarios with the epidemic trajectory of 9 subtropical countries and 5 American states. In total we analyzed 152 non-tropical, epidemic trajectories in the northern hemisphere covering different populations, sizes, and profiles.

In our analysis of epidemic trajectory, we used covid mortality and excess mortality since these are more comparable across territories and more constant in time. When possible and available, we checked for consistency between covid mortality and excess mortality for France, Spain, Sweden, Belgium, and the USA.[22][27]

We selected these regions and territories to explore the natural course of the disease before massive vaccination. Territories such as UK, Israel or the United Arab Emirates were excluded because they had reached a higher vaccination threshold before March that could alter the natural course. 



Results

All scenarios meeting the specified outcomes were consistent with sufficient collective protection having been reached before the stay home mandate was lifted or even earlier. This remains true even after adjusting for a slowdown of the reproduction rate in spring and summer. 

6 selected scenarios  Table 1
	Scenario
	P0 19/11/5 R2.2 NPIs M 9D OK
	P0 19/11/12 R2.2 NPIs S 8D OK
	P0 19/11/12 R2.5 NPIs M 10D OK
	P0 19/11/1 R2.2 NPIs M 9D OK
	P0 19/11/1 R2.2 NPIs M 10D OK
	P0 19/11/12 R2.2 NPIs SM 9D OK Summer*

	Start Date
	05/11/19
	12/11/19
	12/11/19
	01/11/19
	01/11/19
	12/11/19

	Spreading time from infection in days
	9
	8
	10
	9
	10
	9

	R0 value
	2,2
	2,2
	2,5
	2,2
	2,2
	2,2

	Transport closure effect in slowing down transmission
	18,20%
	13,70%
	18,20%
	18,20%
	18,20%
	24,00%

	Stay home further effect in slowing down transmission
	16,70%
	10,50%
	16,70%
	16,70%
	16,70%
	16,20%

	% population infected before transport closure
	7,80%
	7,60%
	8,98%
	13,90%
	5,20%
	2,60%

	% population infected before stay home mandate
	43,20%
	50,60%
	45,90%
	54,20%
	32,00%
	18,20%

	% population infected after lifting restrcitions
	59,90%
	66,00%
	62,20%
	63,70%
	57,30%
	45,00%

	Rebound
	No
	No
	No
	No
	No
	No

	Second Peak height
	0
	0
	0
	0
	0
	0

	Date transmission stops
	October 2020
	June 2020
	July 2020
	July 2020
	February 2021
	August 2020

	Low end mortality
	3896
	4240
	3994
	4087
	3706
	2921

	High end mortality
	19230
	21198
	19971
	20433
	18532
	14605

	Total % infected
	59,90%
	66,00%
	62,20%
	63,68%
	57,80%
	45,50%

	% Infected at Herd immunity
	<57%
	<58%
	<56%
	<56%
	<55%
	<56%

	
	
	
	
	
	
	*  Small Risk if re-introduced 




We also simulated a December 1st onset that met the endpoints of P0 19/12/1 R3.0 NPIs L 10D OK with an R0 of 3.0 and a spreading time of 10 days.  Assuming a slowdown of 27% from transport closure and a further slowdown of 28% from stay home mandates, that would have led to 4 % being infected before transport closure, 49% being immunized before the stay home mandate, and 72% when restrictions were lifted. This scenario leads to slightly higher mortality than others in a range of 4492 and 22460.

If the epidemic had a higher R0 than 3.0 or started earlier than November 1st, herd immunity would have been achieved earlier, possibly even before the stay home order was mandated. 

Scenarios having limited infected population when restrictions were lifted bounced back in fall or winter similarly to other northern hemisphere territories 

Table 2
	Scenario
	P0 19/11/12 R2.2 NPIs SM 9D Rebound
	P0 19/11/12 R2.2 NPIs S 10D Rebound
	P0 19/11/12 R2.2 NPIs SM 10D Rebound

	Start Date
	12/11/19
	12/11/19
	12/11/19

	Spreading time from infection in days
	9
	10
	10

	R0 value
	2,2
	2,5
	2,2

	Transport closure effect in slowing down transmission
	25,00%
	25,00%
	25,00%

	Stay home further effect in slowing down transmission
	21,22%
	45,00%
	21,22%

	% population infected before transport closure
	2,60%
	1,00%
	1,00%

	% population infected before stay home mandate
	17,70%
	7,05%
	7,05%

	% population infected after lifting restrcitions
	39,50%
	16,00%
	30,20%

	Rebound
	Yes
	Yes
	Yes

	2nd Peak height vs 1st
	10,40 %
	296,55 %
	72,00 %

	Date peak rebound
	December 2020
	October 2020
	November 2020

	Low end mortality
	3602
	4700
	4008

	High end mortality
	18012
	23499
	20042

	Total % infected
	57,30%
	73,00%
	62,50%

	% Infected at Herd immunity
	<57,5%
	<56%
	<55%

	Spring Summer Slowdown vs Fall/Winter R
	0,24
	0,46
	0,41






Scenarios that meet all end points – Figure 1
[image: ]

Table 1 scenarios show collective protection after natural course. Factoring changes in propagation based on seasonality[19][20], scenario « P0191112 R2,2 NPIs SM 9D OK Summer » would reach sufficient collective immunity to cause extinction in summer before arrival of fall but could still present a small vulnerability in case of re-introduction in fall as illustrated in figure 1.










Scenario where virus is still present without sufficient collective immunity leads to a rebound as observed in many regions, such as Madrid, New York….  Figure 2
[image: ]
 This pattern described in table 2, is visible in many hard-hit territories initially that are having a much milder epidemic course nearing extinction or low circulation depending on immunity strength. This is happening in spite of variants in circulation and infections happening nearly a year before.



Scenarios in which the virus had some of its natural course before being slowed down lead to a rebound at the times where seasonality is most favorable to the epidemic with a comparable rebound as observed in Belgium – Figure 3

[image: ]

This pattern described in table 2 is consistent with hard hit regions like Belgium which may have completed their epidemic course in Fall 2020 and are not experiencing rebounds for many weeks, despite variants circulating and a rebounding epidemic in Northern France and Netherlands, both of which are experiencing rebounds as the epidemic continues its natural course there.




Scenarios in which the epidemic had been interrupted early in its course saw a much larger second rebound would have happened as observed in Slovenia or Portugal when the season was most appropriate for virus circulation – Figure 4

[image: ]
The pattern described in Table 2 is consistent with territories where the epidemic started late enough to be slowed down by spring and summer and covered little of its natural course. If the turnaround happened before spring, it could be hypothesized that the epidemic had much of its natural course and benefits of protection depending on immunity strength.

In temperate zones, the epidemic seemed more aggressive in fall and winter and slowed as spring progressed. The epidemic slowed in Europe in a south to north gradient as spring arrived independently of different NPIs, and then picked up again at fall arrived

Figure 5
[image: ]This pattern differed in the subtropics where differences in the epidemic aggressivity seemed less marked as we approach the equator as if related to daylight hours.

Comparing US States shows how the epidemic bounced back based on seasonality until sufficient immunity was reached independently of NPIs or variants – 

Figure 6

[image: ]
Similarly for French departments - Figure 7
[image: ]
Seasonality trend – Northern Hemisphere countries tempered or mixed seasons Table 3


	Tempered or mixed
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec

	Italy
	
	
	1
	
	
	
	
	
	
	
	1
	

	France
	
	
	1
	
	
	
	
	
	
	1
	
	

	Germany
	1
	
	1
	
	
	
	
	
	
	
	
	

	UK
	
	
	1
	
	
	
	
	
	
	
	
	1

	Denmark
	
	
	1
	
	
	
	
	
	
	
	
	1

	Norway
	
	
	1
	
	
	
	
	
	
	
	
	1

	Sweden
	
	
	1
	
	
	
	
	
	
	
	
	1

	Slovenia
	
	
	1
	
	
	
	
	
	
	
	1
	

	Poland
	
	
	
	1
	
	
	
	
	
	
	1
	

	Belgium
	
	
	1
	
	
	
	
	
	
	1
	
	

	Netherlands
	
	
	1
	
	
	
	
	
	
	1
	
	1

	Ireland
	1
	
	
	1
	
	
	
	
	
	
	
	

	New York
	
	
	1
	
	
	
	
	
	
	
	
	1

	New Jersey
	1
	
	1
	
	
	
	
	
	
	
	
	

	Massachussets
	
	
	1
	
	
	
	
	
	
	
	
	1

	Washington
	
	
	1
	
	
	
	
	
	
	
	
	1

	Pennsylvania
	
	
	1
	
	
	
	
	
	
	
	
	1

	North Dakota
	
	
	
	
	
	
	
	
	
	
	1
	

	South Dakota
	
	
	
	
	
	
	
	
	
	
	1
	

	Idaho
	
	
	
	
	
	
	
	
	
	
	1
	

	Japan
	1
	
	
	1
	
	
	
	
	
	
	
	

	South Korea
	
	
	1
	
	
	
	
	
	
	
	
	1

	Wuhan
	1
	
	
	
	
	
	
	
	
	
	
	

	Spain*
	1
	
	1
	
	
	
	
	
	
	1
	
	

	Portugal*
	1
	
	
	
	
	
	
	
	
	
	
	

	Total
	7
	0
	17
	3
	0
	0
	0
	0
	0
	4
	6
	10

	* Border countries treated as tempered
	
	
	
	
	
	
	
	
	
	
	
	





Seasonality trend –  Northern Hemisphere countries subtropical Table 4


	Subtropical
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sept
	Oct
	Nov
	Dec

	Israel
	1
	
	1
	
	
	
	
	
	1
	
	
	

	Jordan 
	
	
	1
	
	
	
	
	
	
	1
	
	

	Lebanon
	1
	
	
	
	
	
	
	
	
	
	
	

	Morocco
	
	
	1
	
	
	
	
	
	
	0
	1
	

	Egypt
	
	
	
	
	1
	
	
	
	
	
	
	1

	Tunisia
	
	
	
	
	
	
	
	
	
	1
	
	1

	Algeria
	
	
	1
	
	
	
	
	
	
	
	1
	

	Emirates
	
	1
	
	1
	
	
	
	
	
	
	
	

	Pakistan
	
	
	
	
	
	1
	
	
	
	
	
	1

	Florida
	1
	
	
	
	
	
	1
	
	
	
	
	

	California
	1
	
	
	
	
	
	1
	
	
	
	
	

	Texas
	1
	
	
	
	
	
	1
	
	
	
	
	

	New Mexico
	
	
	
	1
	
	
	
	
	
	
	
	1

	Arizona
	1
	
	
	
	
	
	1
	
	
	
	
	

	Total
	6
	1
	4
	2
	1
	1
	4
	0
	1
	2
	2
	4





Comparisons of territories and progression towards collective protection subject to seasonality – Figure 8
[image: ]
Right skewed curves are indicative of the clustering nature of the epidemic, slowing down progressively after initial infections happened. NPIs may have altered the dissemination factor leading to a more homogeneous spread in some territories with the epidemic inevitably following its course. 

Overall, we found a covid mortality trajectory matching that of over-mortality. However, we found in some countries like Sweden, Belgium, or France that covid mortality was significantly higher than excess mortality possibly indicating that, in some countries, mortality was due to comorbidities rather than covid.


Discussion

Some researchers have hypothesized that lockdown and stay home mandate in Wuhan led to virus extermination in the city allowing a return to normal life. No other country or territory in the Northern hemisphere where the virus had reached a significant circulation level succeeded in achieving a similar result. Some countries like Morocco or Israel had very long and strict stay home mandates and failed to exterminate the epidemic sometimes with higher mortality, multiple phases, and longer epidemics than neighboring countries.

Given that:

1) The epidemic had been progressing since mid-November, possibly 3 months before the stay home was mandated and non-essential businesses closed
2) The epidemic was progressing completely freely in the density of Wuhan for more than 2 months without any NPIs
3) The virus was still present and circulating[25][26] after restrictions were lifted from Wuhan without causing visible severe disease or mortality
4) There was no rebound despite a return to normal, including large gatherings through summer, fall and winter. Any rebound in Wuhan would have been visible given the level of international scrutiny by local authorities and international surveillance[41]

The epidemic had probably finished its natural course in Wuhan with enough collective immunity acquired to run out of susceptible people and become harmless by summer 2020 (see Figure 1). This provides a better explanation than that of extermination.

Other territories trying to exterminate the virus through tough NPIs experienced some rebound as in figures 2, 3 and 4.

In tempered territories, although some NPIs may have slowed the epidemic or limited its spread to some territories, the epidemic slowed down significantly with spring and summer and picked-up again mid-fall [table 3] 

Many initially hard hit territories like Madrid, Catalunya, Castilla La Mancha, Castilla Leon, Ischgl, Haut Rhin, Bas Rhin, New York, New Jersey, Lombardy or Paris have experienced a milder epidemic through September 2020 till March 2021 at a time in which neighboring territories were experiencing relatively more severe phases. Others like Belgium, Lyon, and Marseille had 2 comparable phases and are no longer displaying signs of excess mortality. Belgium has had no excess mortality since January 2021 in spite to being exposed to the same variants as neighboring countries (see Figures 3 and 8).

Territories like Portugal, Slovenia or Valencia had most of their epidemic in the fall of 2020 and winter 2020/2021 and are no longer displaying signs of excess mortality. This is happening despite being exposed to the same virus variants, similar weather conditions, and independently of NPIs. This is best explained as happened in Wuhan by collective natural immunity, cross immunity, and thus reduction of susceptible population. Severe epidemics happening in places late 2020 and early 2021 such as Portugal, Slovenia, Valencia, Nice, and California despite strict NPIs demonstrates the limited effect of NPIs. Epidemics subsiding in Madrid, Sweden, Florida, Belgium, and South Dakota, despite limited NPIs further hints as to a possible collective protection and the epidemic having followed its natural course.

This would suggest that much of Europe and North America may have within reach sufficient levels of natural collective immunity to prevent new overwhelming episodes. An exception would be Manaus, Brazil, which was hard hit in a second wave in spite of displaying (55)%[33] antibodies in August 2020, further confirming the complexity of the immune system and antibodies test analysis alone as a tool to measure progress toward collective immunity.

Madrid, Spain in May, 2020, had 10% to 14 %[37]  positive serology; Ischgl, Austria, in  November 2020 had 43% positive serology[28], and Bergamo, Italy in May, 2020 had 38.5% positive serologies.[42] All had a milder second phase.  Milder second phases are consistent with the limited number of documented severe re-infections. Population susceptibility, cross immunity, cellular immunity interact in complex ways. Ischgl study shows us how significant cellular immunity may be in duration and ability to react to different strains[43][28] 

Summer 2020 vacation and mixing may have contributed to increasing or strengthening such immunity at a favorable time where sunshine may be weakening virus strains and/or strengthening hosts. Many northern hemisphere territories are exhibiting patterns consistent with collective immunity and have been exhibiting such patterns for multiple weeks at times where neighboring territories were still struggling with the epidemic. This protection seems to operate despite new strains circulating. This hints that such territories as well as many other territories that saw epidemic progressing in winter 2020/2021 may have reached some level of collective protection or have it within reach.

Limits

Immunity duration and strength is still unknown and calls for close monitoring. Detailed studies on cross cellular immunity between variants are needed. Studies on what proportions of a population are susceptible are needed. The effects of vaccination cannot yet be foreseen on short or longer terms. The effects of multiple vaccines coexisting cannot be foreseen. The effects of pressure selection applied by massive worldwide simultaneous vaccination cannot be foreseen. Population has become more fragile physiologically and psychologically making it difficult to predict.

The severity of the epidemic varies from one territory to another depending on multiple factors some of which are known such as population health, obesity, population age, urbanism, construction, social structure, susceptibility, density, and available pharmaceutical and medical interventions. Progress towards herd immunity can be analyzed as done in this paper through relative phases comparisons across seasons. A rural territory, with young healthy population living outside would have a very mild epidemic.

Conclusion

Collective immunity explains best Wuhan’s epidemic and its extinction. Seasonality and to a lesser extent NPIs explain why all other territories failed to reach such extinction quickly. 
Many northern hemisphere territories may have reached collective natural immunity or have it within reach.  Collective immunity, and seasonality have been the main epidemic drivers, which does not exclude some marginal effect of weather, variants, social structure or NPIs contributing to flattening or aggravating “the curve.”

We collectively misread the data, mystified ourselves, invoked stay home mandates despite these NPIs not appearing to end the epidemic in Wuhan or anywhere else as did the natural course and developing immunity. As a result of that and given the damage inflicted on population health and the economy we should consider.

1) All policies should be targeted as to avoid inflicting further damage to populations, extending the epidemic, and thus endangering acquired immunity.
2) Actions should be evidence-based, providing more benefit than harm on the short and the long term.
3) Pressure-selection should be monitored to avoid NPIs and pharmaceutical interventions selecting harmful strains.
4) Given the differences in mortality accounting methods, differences between covid deaths and excess mortality in some countries, lack of clear clinical guidance as to diagnosis and death attribution to avoid risk of an illusion of a continued epidemic even after people have become immune and treatments have become available. PCR tests alone may lead to false positives, mis-allocations, and artificially extending the epidemic.
4) We need careful monitoring possibly through polls and/or wastewater.
5) Independent government comparative studies of treatments, vaccines, or vitamin D as a matter of public health.
6) Urbanism and aeration of dense cities studies as a matter of public health.
7) Protection of populations that need it most through all available tools such as treatments, immunization when appropriate, and possibly vitamin D.

We do not want to appear to oppose masking.  It does prevent droplet spray when people are coughing or sneezing.  However, widespread community masking may not be as effective as supposed. Perski conducted a meta-analysis among community-dwelling children and adults of studies that assessed the effectiveness of face mask wearing (vs. no face masks) on self-reported, laboratory-confirmed, or clinically diagnosed viral respiratory infections. Among 11 RCTs and 10 observational studies that met their inclusion criteria, they found a moderate likelihood of a small effect of wearing surgical face masks in community settings in reducing self-reported influenza-like illness. They concluded that evidence from RCTs is equivocal as to whether wearing face masks in community settings results in a reduction in clinically- or laboratory-confirmed viral respiratory infections [56].  What we think is important, is that focusing on interventions with small effect sizes may distract us from interventions that could have larger effect sizes. These could include administration of vitamin D, immune-boosting strategies, innovative therapies such as vitamin C, reduction of obesity, and perhaps most importantly, the avoidance of crowding in poorly ventilated areas, which could include an improvement in public and private ventilation for public spaces.  Large-scale testing, contact tracing, and targeted quarantining may be more effective than massive lockdowns.  All these questions need to be more extensively studied.
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Belgium was hard hit initially, after summer decline, epidemic piked up early fall
to start dropping from mid-fall onwards (profile 2) to a point where there has
been no observed over-mortality since Feb 2021 whereas neighboring
Netherlands and Northern France whom had been spared initially have seen
epidemic continue its course in spite of all being exposed to similar weather,
similar variants.......
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Paris Pursuing its course still subject to seasonality
as it seems to be nearing collective protection with milder rebounds compared
to other territories or countries.
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Even More than Belgium, Madrid is displaying solid evidence of collective
protection,as being further south, it is closer to spring-and summer-at
mid-march. Castilla La Mancha and Castilla Leon are following same pattern
whereas neighboring Valencia, Astrurias, Andalucia, Galicia-and Portugal are
following a different pattern in spite of being exposed to same variants.

Madrid

L —— ...|.u||||||n||.|||\H\MM‘”IN A s ||||||\|||\||||||\‘|HIHI

% ER %2z 3 2 5 x5 0=

% 3 ) 3 % 3 3 ) 3 3

Valencia

||||‘ | h”h”lllll [T T et KL |I|||||||||||||.|I”H|||I|h|||||“ll |||||||||‘|||||HH|M HHH” HH
% ER %2z 3 2 5 x5 0=

% 3 ) 3 % 3 3 ) 3 3

Asturias

. |‘ M“ i ||‘|||||..| A | Con bk MI|I|
% % % % % % % % % %

] 15 15 o ] ] o e B e

5 0% 0% % % 0% 0% % % 0%

Portugal was initially spared to become hard hit in fall catching up towards
collective protection which maybe within reach
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