
Michael Levitt’s Report on Coronavirus 2019 from 2-Feb-20 to 
2-Mar-20 as widely distributed in China 

3/23 1



 

1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Analysis of nCov-2019 Data by Michael Levitt on 2/2/2020  

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 1 February 2020. The raw data of Cases Confirmed and of 
Deaths has been taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked against data 
from https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0 . We divide data into Hubei and Others on non-Hubei as almost all deaths 
are in a 90 km x 35 km area centered on Wuhan and Tianmen in Hubei (see Fig. 1). The Death Rate is Deaths divided by 
Cases_Confirmed, and Ratio_Hubei/Others is the ratio of the Death Rate for Hubei to Others. The Fraction Change for all raw data is 
Value_Today divided by Value_Yesterday. 

Plots of this data against days  are shown in Fig. 2. Panel (A) shows 
expected increase in Number of Cases.  Panel (B) confirms that almost 
all the deaths are in Hubei (over 95%).  Panel (C) shows that the Death 
Rate (Mortality) is high in Hubei but elsewhere it is much lower (16 times) 
and at 0.2 percent comparable to the mortality of influenza.  Panel (D) 
shows that the number of reported cases changes unpredictably in all 
three regions (Hubei, non-Hubei & Total).  Of all the measures these 
numbers seem least reliable.  Most interesting by far is Panel (E), which 
shows that the number of cases is growing more and more slowly.  
Specifically, the ratio of Deaths_Today divided by Deaths_Yesterday is 
decreasing.  This decrease is monotonic for Total Deaths and Hubei 
Death since 1/25/2020 and linear for them both since 1/29/2020.  This 
suggests by linear extrapolation that the number of new deaths will 
decrease very rapidly over the next week. 

Figure. 1. Map of Hubei circling in red cities with a death rate > 1% and 
in green those with rate <0.5%.   Deaths are localized to a 90km x 35km 
area centered near Tianmen near (data 12/31/2020 from jobtube.cn) 3/23 2
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Figure. 2. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed first case). Table 1 data is plotted from 22 January to 1 February 2020. In 
Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is excellent 
(correlation coefficient or sqrt(R

2
)> 0.99).  This suggests that the Fractional Change will decrease to 1.0 within a week, after which time numbers will grow slowly. 
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“Analysis of nCov-2019 Data on 2/2/2020” by Michael Levitt, Stanford University, CA  

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 1 February 2020. The raw data of Cases Confirmed and of 
Deaths has been taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked against data 
from https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0 . We divide data into Hubei and Others on non-Hubei as almost all deaths 
are in a 90 km x 35 km area centered on Wuhan and Tianmen in Hubei (see Fig. 1). The Death Rate is Deaths divided by 
Cases_Confirmed, and Ratio_Hubei/Others is the ratio of the Death Rate for Hubei to Others. The Fraction Change for all raw data is 
Value_Today divided by Value_Yesterday. 

Plots of this data against days  are shown in Fig. 2. Panel (A) shows 
expected increase in Number of Cases.  Panel (B) confirms that almost 
all the deaths are in Hubei (over 95%).  Panel (C) shows that the Death 
Rate (Mortality) is high in Hubei but elsewhere it is 16 times lower.  At 
0.2 percent it is comparable to the mortality of influenza.  Panel (D) 
shows that the number of reported cases changes unpredictably in all 
three regions (Hubei, non-Hubei & Total).  Of all the measures these 
numbers seem least reliable.  Most interesting by far is Panel (E), which 
shows that the number of deaths is increasing more and more slowly.  
Specifically, the ratio of Deaths_Today divided by Deaths_Yesterday is 
decreasing.  This decrease is monotonic for Total Deaths and Hubei 
Death since 1/25/2020 and linear for them both since 1/29/2020.  This 
suggests by linear extrapolation that the number of new deaths will 
decrease very rapidly over the next week. 

Figure. 1. Map of Hubei circling in red cities with a death rate > 1% and 
in green those with rate <0.5%.   Deaths are localized to a 90km x 35km 
area centered near Tianmen near (data 12/31/2020 from jobtube.cn) 3/23 4
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Figure. 2. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed first case). Table 1 data is plotted from 22 January to 1 February 2020. In 
Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is excellent 
(correlation coefficient or sqrt(R

2
)> 0.99).  This suggests that the Fractional Change will decrease to 1.0 within a week, after which time numbers will grow slowly. 

  

(A) (C) (B) 

(D) (E) 

3/23 5



 

1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Analysis of nCov-2019 Data on 2/3/2020” by Michael Levitt, Stanford University, CA  

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 2 February 2020.  The raw data of Cases Confirmed and 
of Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked against data from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and for regional data from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We divide data into Hubei and Others or non-Hubei as almost all deaths 
are in a 90 km x 35 km area centered on Wuhan and Tianmen in Hubei (see Fig. 1). The Death Rate is Number Deaths divided by 
Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to Others.  The Fraction Change for all raw 
data is Value_Today divided by Value_Yesterday. 

Plots of this data against time are shown in Fig. 2.  Panel (A) shows 
expected increase in Number of Cases.  Panel (B) confirms that almost 
all the deaths are in Hubei (over 95%).  Panel (C) shows that the Death 
Rate (Mortality) is high in Hubei, but elsewhere it is 16 times lower.  At 
0.2 %, the rate is comparable to the mortality of influenza.  Panel (D) 
shows that the number of reported cases changes unpredictably in all 
three regions (Hubei, non-Hubei & Total); of all the measures these 
numbers seem least reliable.  Most interesting is Panel (E), which 
shows that the number of deaths is increasing more and more slowly.  
Specifically, the ratio of Deaths_Today to Deaths_Yesterday is 
decreasing.  This decrease is almost monotonic for Total Deaths and 
Hubei Death since 1/25/2020 and fairly linear for them both since 
1/29/2020.  Linear extrapolation that the number of new deaths will 
decrease very rapidly over the next week. 

Figure. 1. Map of Hubei circling in red cities with a death rate > 0.9% 
and in green those with rate <0.4%.   Deaths are localized to a 90km x 
35km area centered near Tianmen near (data 12/31/2020,  jobtube.cn) 
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Figure. 2. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed first case). Table 1 data is plotted from 22 January to 2 February 2020. In 
Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is excellent 
(correlation coefficient or sqrt(R

2
)> 0.95).  This suggests the Fractional Change will decrease to about 1.0 within a week, after which time numbers will grow slowly. 
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“Analysis of nCov-2019 Data on 2/4/2020” by Michael Levitt, Stanford University, CA 

 

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 3 February 2020.  The raw data of Cases Confirmed and 
of Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked against data from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and for regional data from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We divide data into Hubei and Others or non-Hubei as almost all deaths 
are in a 90 km x 35 km area centered on Wuhan and Tianmen in Hubei (see Fig. 1). The Death Rate is Number Deaths divided by 
Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to Others.  The Fraction Change for all raw 
data is Value_Today divided by Value_Yesterday. 

Plots of this data against time are shown in Fig. 2.  Panel (A) shows 
expected increase in Number of Cases.  Panel (B) confirms that almost 
all the deaths are in Hubei (over 95%).  Panel (C) shows that the Death 
Rate (Mortality) is high in Hubei, but elsewhere it is 16 times lower.  At 
0.2 %, the rate is comparable to the mortality of influenza.  Panel (D) 
shows that the number of reported cases changes unpredictably in all 
three regions (Hubei, non-Hubei & Total); of all the measures these 
numbers seem least reliable.  Most interesting is Panel (E), which 
shows that the number of deaths is increasing more and more slowly.  
Specifically, the ratio of Deaths_Today to Deaths_Yesterday is 
decreasing.  This decrease is almost monotonic for Total Deaths and 
Hubei Death since 1/25/2020 and fairly linear for them both since 
1/29/2020.  Linear extrapolation that the number of new deaths will 
decrease very rapidly over the next week. 

Figure. 1. Map of Hubei circling in red cities with a death rate > 0.9% 
and in green those with rate <0.4%.   Deaths are localized to a 90km x 
35km area centered near Tianmen near (data 12/31/2020,  jobtube.cn) 
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Figure. 2. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed first case). Table 1 data is plotted from 22 January to 3 February 2020. In 
Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is excellent 
(correlation coefficient or sqrt(R

2
)> 0.92).  This suggests the Fractional Change will decrease to about 1.0 within a week, after which time numbers will grow slowly. 
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“Analysis of nCov-2019 Data on 2/4/2020” by Michael Levitt, Stanford University, CA 

 

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 3 February 2020.  The raw data of Cases Confirmed and 
of Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked against data from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and for regional data from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We divide data into Hubei and Others or non-Hubei as almost all deaths 
are in a 90 km x 35 km area centered on Wuhan and Tianmen in Hubei (see Fig. 1). The Death Rate is Number Deaths divided by 
Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to Others.  The Fraction Change for all raw 
data is Value_Today divided by Value_Yesterday. 

Plots of this data against time are shown in Fig. 2.  Panel (A) shows 
expected increase in Number of Cases.  Panel (B) confirms that almost 
all the deaths are in Hubei (over 95%).  Panel (C) shows that the Death 
Rate (Mortality) is high in Hubei, but elsewhere it is 16 times lower.  At 
0.2 %, the rate is comparable to the mortality of influenza.  Panel (D) 
shows that the number of reported cases changes unpredictably in all 
three regions (Hubei, non-Hubei & Total); of all the measures these 
numbers seem least reliable.  Most interesting is Panel (E), which 
shows that the number of deaths is increasing more and more slowly.  
Specifically, the ratio of Deaths_Today to Deaths_Yesterday is 
decreasing.  This decrease is almost monotonic for Total Deaths and 
Hubei Death since 1/25/2020 and fairly linear for them both since 
1/29/2020.  Linear extrapolation that the number of new deaths will 
decrease very rapidly over the next week. 

Figure. 1. Map of Hubei circling in red cities with a death rate > 0.9% 
and in green those with rate <0.4%.   Deaths are localized to a 90km x 
35km area centered near Tianmen near (data 12/31/2020,  jobtube.cn) 
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Figure. 2. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed first case). Table 1 data is plotted from 22 January to 3 February 2020. In 
Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is excellent 
(correlation coefficient or sqrt(R

2
)> 0.92).  This suggests the Fractional Change will decrease to about 1.0 within a week, after which time numbers will grow slowly. 
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“Analysis of nCov-2019 Data on 2/5/2020” by Michael Levitt, Stanford University, CA 

 

Table 1. Showing data for New Coronavirus 2019 (nCoV) from 22 January to 4 February 2020.  The raw data of Cases Confirmed 
and of Number Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data# and checked 
against data from https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and 
for regional data from https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or 
non-Hubei as almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2). The Death Rate is Number 
Deaths divided by Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to Others.  The 
Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected increase in Number of Cases.  Panel (B) confirms 
that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Death Rate (Mortality) is high in Hubei, but 
elsewhere it is 16 times lower.  At 0.18 %, the rate is comparable to the mortality of influenza.  Panel (D) shows that the number of 
reported cases changes unpredictably in all three regions (Hubei, non-Hubei & Total); of all the measures these numbers seem 
least reliable.  Most interesting is Panel (E), which shows that the number of deaths is increasing more and more slowly.  
Specifically, the ratio of Deaths_Today to Deaths_Yesterday is decreasing.  This decrease is almost monotonic for Total Deaths 
and Hubei Death since 1/25/2020 and fairly linear for them both since 1/29/2020.  Linear extrapolation, which is not necessary 
applicable, suggests the number of new deaths will stop growing and start to decrease over the next week.  The total number of 
death with then growth more and more slowly. 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of first case). Table 1 data is plotted from 22 January to 4 February 
2020. In Panel (E) linear trend-lines are added using data for last four days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.89).  This suggests the Fractional Change in Number of Deaths will decrease to about 1.0 within a week, after which 

time, numbers will grow slowly. 
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Figure. 2. Map of Hubei circling in purple cities cities with a death rate >= 3%, in red cities with a death rate > 1% and in green other cities for which there 
is tabulated data.  Deaths are localized to a 90km x 35km area centered near Tianmen near (The table shows that high death rates are concentrated in 
four cities Wuhan, Ezhou, Jingmen and Tianmen.  Other cities in the same area have low death rates comparable to areas elsewhere in China and the rest 
of the world data (1/4/2020 from jobtube.cn).  The red dot marks the Wuhan South China Seafood Market. 3/23 15
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 4 February 2020.  The raw data of Cases 
Confirmed and of Number Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-
dataset/data# and checked against data from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and for regional 
data from https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-
Hubei as almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the 
Number Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to 
the Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 3% today (5 Feb. 2020).  While the Death Rate is high in Hubei at 3%, the non-
Hubei rate is 16 times lower.  At 0.18 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows that 
the number of cases changes unpredictably for Hubei, non-Hubei & Total, but it is slowly decreasing; of all the measures, 
these numbers seem least reliable.  Panel (E), shows that a week ago the Fractional Change in Total Deaths 
(Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is just 1.15 (15% more 
deaths per day).  Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 1/25/2020.  
This suggests that the rate of increase in number of deaths will slow down over the next week. 

 

“Analysis of nCov-2019 Data on 2/5/2020” by Michael Levitt, Stanford University, CA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 4 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change, Hubei Change and non-Hubei 
Change, the fit is excellent (correlation coefficient or sqrt(R

2
)> 0.89).  This linear extrapolation suggests the Fractional Change in Number of Deaths will 

decrease to near 1.0 within a week, after which time, numbers of deaths will grow slowly. 
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Figure. 2.  Map of Hubei circling in purple cities with a death rate > 3%, in red cities with a death rate > 1% and in green other cities for which there is data.  
Most deaths are localized to a 90km x 35km area centered near Tianmen and high death rates occur in four cities: Wuhan, Ezhou, Jingmen and Tianmen 
(Table 2).  Other cities in the same area have low death rates, comparable to those elsewhere in China and the rest of the world data (data 1/4/2020 from 
jobtube.cn).  The red dot marks the Wuhan South China Seafood Market thought to be the source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 4 Feb. 
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 5 February 2020.  The raw data of Number of 
Cases and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the Number 
Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the 
Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 3% today (5 Feb. 2020).  While the Death Rate is high in Hubei at 2.8%, the 
non-Hubei rate is 15 times lower.  At 0.18 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows 
that the number of cases changes unpredictably for Hubei, non-Hubei & Total, but it is slowly decreasing; of all the 
measures, these numbers seem least reliable.  Panel (E), shows that a week ago the Fractional Change in Total Deaths 
(Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is less than 1.15 (14.8% 
more deaths per day).  Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 
1/25/2020.  This suggests that the rate of increase in the number of deaths will slow down over the next week.  The rate of 
drop of this ratio for the past 8 days is less than it was for the first 4 days of this analysis (29/1 to 1/2) but it is still dropping. 

  

“Analysis of nCov-2019 Data on 2/6/2020” by Michael Levitt, Stanford University, CA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change andHubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.89).  This linear extrapolation to Hubei Data suggests the Fractional Change in Number of Deaths will decrease 

to near 1.0 within a week, after which time, numbers of deaths will grow slowly.  The fit to non-Hubei deaths is not shown due to fluctuations of small numbers. 
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 5 Feb. 
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 6 February 2020.  The raw data of Number of 
Cases and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the Number 
Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the 
Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 2.8% today (6 Feb. 2020).  While the Death Rate is high in Hubei at 2.8%, the 
non-Hubei rate is 15 times lower.  At 0.18 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows 
that the number of cases changes unpredictably for Hubei, non-Hubei & Total, but it is slowly decreasing; of all the 
measures, these numbers seem least reliable.  Panel (E), shows that a week ago the Fractional Change in Total Deaths 
(Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is 1.12 (12.2% more deaths 
per day).  Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 1/25/2020.  This 
suggests that the rate of increase in the number of deaths will continue to slow down over the next week.  An extrapolation 
based on the sigmoid function (see Fig. 3) suggests that the number of deaths will not exceed 1000 and that it will reach 
95% of this limiting value on 14-Feb-2020. 

“Analysis of nCov-2019 Data on 2/7/2020” by Michael Levitt, Stanford University, CA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change andHubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.95).  This linear extrapolation to Hubei Data suggests the Fractional Change in Number of Deaths will decrease to 

near 1.0 within a week, after which time, numbers of deaths will grow slowly.  The fit to non-Hubei deaths is not shown due to fluctuations of small numbers. 3/23 23
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  The 
best fit (green line) was obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 16 Actual Number of Death 
values (red solid line) best fit the sigmoid function.  The optimized parameter values are A = 927.8, B = 66.5 and C = 3.5 (RMS error of 10).  
Particularly impressive is the actual Ratio of Deaths Today to Yesterday (T/Y) from the actual data (red dashed line on secondary axis) is well fit by 
the calculated Ratio of Deaths Today to Yesterday (dashed green line on secondary axis) as the Ratio drops from 1.3 (30% daily growth on 29-Jan) 
to 1.12 (12% daily growth on 06-Feb).  The black line is the best fit assuming total deaths is 2500, which fits the actual data less well (RMS error of 
21).  This is hard to see from the Number of Deaths but is much clearer from change of Ratio Deaths T/Y.  This extrapolation suggests that we 
passed the mid-point of the sigmoid function on 04-Feb. and that by 14-Feb. we will have reached 95% of the eventual death count of 928. 
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 6 February 2020.  The raw data of Number of 
Cases and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the Number 
Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the 
Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 2.8% today (6 Feb. 2020).  While the Death Rate is high in Hubei at 2.8%, the 
non-Hubei rate is 15 times lower.  At 0.18 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows 
that the number of cases changes unpredictably for Hubei, non-Hubei & Total, but it is slowly decreasing; of all the 
measures, these numbers seem least reliable.  Panel (E), shows that a week ago the Fractional Change in Total Deaths 
(Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is 1.12 (12.2% more deaths 
per day).  Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 1/25/2020.  This 
suggests that the rate of increase in the number of deaths will continue to slow down over the next week.  An extrapolation 
based on the sigmoid function (see Fig. 3) suggests that the number of deaths will not exceed 1000 and that it will reach 
95% of this limiting value on 14-Feb-2020. 

“Analysis of nCov-2019 Data on 2/7/2020” by Michael Levitt, Stanford University, CA 

 

3/23 26



 

2 

 

Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change andHubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.95).  This linear extrapolation to Hubei Data suggests the Fractional Change in Number of Deaths will decrease to 

near 1.0 within a week, after which time, numbers of deaths will grow slowly.  The fit to non-Hubei deaths is not shown due to fluctuations of small numbers. 3/23 27
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  The 
best fit (green line) was obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 16 Actual Number of Death 
values (red solid line) best fit the sigmoid function.  The optimized parameter values are A = 927.8, B = 66.5 and C = 3.5 (RMS error of 10).  
Particularly impressive is the actual Ratio of Deaths Today to Yesterday (T/Y) from the actual data (red dashed line on secondary axis) is well fit by 
the calculated Ratio of Deaths Today to Yesterday (dashed green line on secondary axis) as the Ratio drops from 1.3 (30% daily growth on 29-Jan) 
to 1.12 (12% daily growth on 06-Feb).  The black line is the best fit assuming total deaths is 2500, which fits the actual data less well (RMS error of 
21).  This is hard to see from the Number of Deaths but is much clearer from change of Ratio Deaths T/Y.  This extrapolation suggests that we 
passed the mid-point of the sigmoid function on 04-Feb. and that by 14-Feb. we will have reached 95% of the eventual death count of 928. 

3/23 29



 

1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 7 February 2020.  The raw data of Number of 
Cases and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the Number 
Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the 
Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 2.8% today (6 Feb. 2020).  While the Death Rate is high in Hubei at 2.8%, the 
non-Hubei rate is 11 times lower.  At 0.26 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows 
that the number of cases changes unpredictably for Hubei, non-Hubei & Total, but it is slowly decreasing; of all the 
measures, these numbers seem least reliable.  Panel (E), shows that a week ago the Fractional Change in Total Deaths 
(Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is 1.14 (14.2% more deaths 
per day).  Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 1/25/2020.  This 
suggests that the rate of increase in the number of deaths will continue to slow down over the next week.  An extrapolation 
based on the sigmoid function (see Fig. 3) suggests that the number of deaths may not exceed 1000 and that it will reach 
95% of this limiting value on 14-Feb-2020. 

“Analysis of nCov-2019 Data on 2/8/2020” by Michael Levitt, Stanford University, CA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change andHubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.95).  This linear extrapolation to Hubei Data suggests the Fractional Change in Number of Deaths will decrease to 

near 1.0 within a week, after which time, numbers of deaths will grow slowly.  The fit to non-Hubei deaths is not shown due to fluctuations of small numbers. 3/23 31



 

3 

 
 
 
 
  

Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 17 actual Number of 
Deaths values to 7-Feb (red solid line) are well fit by the sigmoid function.  Particularly impressive is that the Ratio of Deaths Today to Yesterday 
(T/Y) from the actual data (red dashed line on secondary axis) is well fit by the calculated Ratio (brown green line on secondary axis), which 
decreases in a linear fashion as assumed in Fig. 2 (E).  The fit for the 16 values to 6-Feb (green solid line) is also shown to indicate how sensitive 
the extrapolation is to new data values.  The situation is still very fluid and values the that are released in the next few days will be crucial. 
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 8 February 2020.  The raw data of Number of 
Cases and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6 and from 
https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
almost all deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (see Fig. 2).  The Death Rate is the Number 
Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the 
Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 
 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (over 97%).  Panel (C) shows that the Hubei death rate has 
decreased steadily from 3.5% a week ago to 2.8% today (6 Feb. 2020).  While the Death Rate is high in Hubei at 2.8%, the 
non-Hubei rate is 11 times lower.  At 0.26 %, the non-Hubei death rate is comparable to that of influenza.  Panel (D) shows 
that the Fractional Change in Total Cases (Cases_Today / Cases_Yesterday) is increasing more and more slowly for Hubei, 
non-Hubei & Total.  Panel (E), shows that a week ago the Fractional Change in Total Deaths (Deaths_Today / 
Deaths_Yesterday) was 1.3 (30% more deaths per day) but by today this ratio is 1.12 (12% more deaths per day).  
Specifically, the overall ratio of deaths today to deaths yesterday has decreased steadily since 1/25/2020.  This together with 
the data on Number of Cases in (D) suggests that the rate of increase in the number of deaths and caes will continue to slow 
down over the next week.  An extrapolation based on the sigmoid function (see Fig. 3) suggests that the number of deaths 
may not exceed 2000 and that it will reach 95% of this limiting value by 16-Feb-2020. 

“Analysis of nCov-2019 Data on 2/9/2020” by Michael Levitt, Stanford University, CA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panel (E) linear trend-lines are added using data for the last seven days from 1/29/2020.  For Total Change andHubei Change, the fit is 
excellent (correlation coefficient or sqrt(R

2
)> 0.95).  This linear extrapolation to Hubei Data suggests the Fractional Change in Number of Deaths will decrease to 

near 1.0 within a week, after which time, numbers of deaths will grow slowly.  The fit to non-Hubei deaths is not shown due to fluctuations of small numbers. 3/23 35
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 17 actual Number of 
Deaths values to 7-Feb (red solid line) are well fit by the sigmoid function.  Particularly impressive is that the Ratio of Deaths Today to Yesterday 
(T/Y) from the actual data (red dashed line on secondary axis) is well fit by the calculated Ratio (brown green line on secondary axis), which 
decreases in a linear fashion as assumed in Fig. 2 (E).  The fit for the 16 & 17 values to 6-Feb & Feb-7 (green dashed line) are also shown to 
indicate how sensitive the extrapolation is to new data values.  The situation is still very fluid and values the that are released in the next few days 
will be crucial.  We now expect the total death rate to plateau below the black that assumes 2000 total Number of Deaths. 3/23 37
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 10 February 2020.  The raw data of Number of Cases 
and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6, 
https://bnonews.com/index.php/2020/02/the-latest-coronavirus-cases/ and https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  
We separate data into Hubei and Others or non-Hubei as most deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (Fig. 
2).  The Death Rate is the Number Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death 
Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 

 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (96%).  Panel (C) shows that the Hubei death rate has decreased 
from 3.5% on 1-Jan to 2.9% today (9-Feb.).  While the Death Rate is high in Hubei at 2.9%, the non-Hubei rate is 9 times 
lower at 0.35 %, which is comparable to that of influenza.  Panel (D) shows that the Fractional Change in Total Cases 
(Cases_Today / Cases_Yesterday) is increasing more and more slowly for Hubei, non-Hubei & Total.  Panel (E), shows that 
on 28-Jan the Fractional Change in Total Deaths (Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) 
but by today this ratio is 1.09 (9% more deaths per day).  Specifically, the overall ratio of deaths today to deaths yesterday 

has decreased steadily since 1/25/2020.  This together with the data on Number of Cases in (D) suggests that the rate of 
increase in the number of deaths and cases will continue to slow down over the next week.  An extrapolation based on the 
sigmoid function (see Fig. 3) suggests that the number of deaths should not exceed 2000 and that it will reach 95% of this 
limiting value by 16-Feb-2020. 

“Analysis of nCov-2019 Data on 2/10/2020” by Michael Levitt, Stanford University, 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panels (D) (E) linear trend-lines are added using data for the last 12 days from 1/29/2020.  For both Cases and Deaths, the Fraction Change 
for both Hubei and the world, the fit to a straight line is excellent (correlation coefficient or sqrt(R

2
)> 0.94).  This linear extrapolation suggests the Fractional 

Change in Number of Cases and Deaths will decrease to near 1.0 within a week, after which time, numbers of deaths will grow slowly.  We also show in panel (E) 
a red short-dashed of the straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/3/20 and 
gave rise to the expectation that the growth of deaths would slow soon.   3/23 39
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 18 actual Number of 
Deaths values to 9-Feb (red solid line) are well fit by the sigmoid function.  Particularly impressive is that the Ratio of Deaths Today to Yesterday 
(T/Y) from the actual data (red dashed line on secondary axis) is well fit by the calculated Ratio (brown green line on secondary axis), which 
decreases in a linear fashion as assumed in Fig. 2 (E).  The fit for the 16, 17 or 18 values to 06-Feb, 07-Feb or  08-Feb (green dashed line) are also 
shown to indicate how sensitive the extrapolation is to new data values.  The situation is still very fluid and values the that are released in the next 
few days will be crucial.  We now expect the total death rate to plateau below the black line that assumes 2000 total Number of Deaths. 3/23 41
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Figure. 4.  Showing how the Additional Number of Cases per Day peaked on Day 68 (5-Feb), whereas the Additional Number of Deaths per Day 
may have peaked today (Day 72) or has yet to peak.  For sigmoid growth like that shown in Fig. 3, the additional number reaches a maximum 
midway through the curve.  If this holds here, then the total Number of Cases should reach about 50,000.  Interesting too is that the growth curves 
for deaths is shifted by at least 5 days from that of cases.  This means that death occurs on average 5 after being counted as a confirmed case.  The 
data is plotted for total Cases and Total Deaths averaged over a three days window so that, for example, the value given on day 68 is the average of 
the values on days 67, 68 & 69.  This smoothing reduces the noise in the data. 
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 11 February 2020.  The raw data of Number of Cases 
and Deaths is taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from 
https://bnonews.com/index.php/2020/02/the-latest-coronavirus-cases/ and https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  
We separate data into Hubei and Others or non-Hubei as most deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (Fig. 
2).  The Death Rate is the Number Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death 
Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change for all raw data is Value_Today divided by Value_Yesterday. 

 
Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected exponential increase in Number of Cases.  
Panel (B) confirms that almost all the deaths are in Hubei (96%).  Panel (C) shows that the Hubei death rate has decreased 
from 3.5% on 1-Jan to 2.9% today (9-Feb.).  While the Death Rate is high in Hubei at 3.2%, the non-Hubei rate is 8 times 
lower at 0.39%, which is comparable to that of influenza.  Panel (D) shows that the Fractional Change in Total Cases 
(Cases_Today / Cases_Yesterday) is increasing more and more slowly for Hubei, non-Hubei & Total.  Panel (E), shows that 
on 28-Jan the Fractional Change in Total Deaths (Deaths_Today / Deaths_Yesterday) was 1.3 (30% more deaths per day) 
but by today this ratio is 1.09 (9% more deaths per day).  Specifically, the overall ratio of deaths today to deaths yesterday 

has decreased steadily since 1/25/2020.  This together with the data on Number of Cases in (D) suggests that the rate of 
increase in the number of deaths and cases will continue to slow down over the next week.  An extrapolation based on the 
sigmoid function (see Fig. 3) suggests that the number of deaths should not exceed 2000 and that it will reach 95% of this 
limiting value by 16-Feb-2020. 

“Analysis of nCov-2019 Data on 2/11/2020” by Michael Levitt, Stanford University, 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panels (D) (E) linear trend-lines are added using data for the last 12 days from 1/29/2020.  For both Cases and Deaths, the Fraction Change 
for both Hubei and the world, the fit to a straight line is excellent (correlation coefficient or sqrt(R

2
)> 0.94).  This linear extrapolation suggests the Fractional 

Change in Number of Cases and Deaths will decrease to near 1.0 within a week, after which time, numbers of deaths will grow slowly.  We also show in panel (E) 
a red short-dashed of the straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/3/20 and 
gave rise to the expectation that the growth of deaths would slow soon.   3/23 44
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Deaths from the coronavirus nCoV-2019 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 18 actual Number of 
Deaths values to 9-Feb (red solid line) are well fit by the sigmoid function.  Particularly impressive is that the Ratio of Deaths Today to Yesterday 
(T/Y) from the actual data (red dashed line on secondary axis) is well fit by the calculated Ratio (brown green line on secondary axis), which 
decreases in a linear fashion as assumed in Fig. 2 (E).  The fit for the 18 or 19 values to 08-Feb or 09-Feb (green dashed line) are also shown to 
indicate how sensitive the extrapolation is to new data values.  The situation is still very fluid and values the that are released in the next few days 
will be crucial.  We now expect the total death rate to plateau below the black line that assumes 2000 total Number of Deaths. 3/23 46



 

5 

 

 

 

Figure. 4.  Showing how the Additional Number of Cases per Day peaked on Day 67 (4-Feb), whereas the Additional Number of Deaths per Day 
may have peaked yesterday (Day 67).  For sigmoid growth like that shown in Fig. 3, the additional number reaches a maximum midway through the 
curve.  If this holds here, then the total Number of Cases may reach 50,000 and the Total Number of Deaths may reach 2100.  The curve for Deaths 
is shifted by 6 days from that of Cases; suggesting that on average death occurs 6 days after being counted as a confirmed case.  The data plotted 
for Additional Cases is averaged over a three day window so that, for example, the value given on day 68 is the average of the values on days 67, 
68 & 69.  This smoothing reduces the noise in the data, but is not used for the Additional Deaths. 3/23 47
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Figure. 5.  Showing the extrapolation of Number of Cases and Number of Deaths predicted by the data since 22-Jan 2020.  As suggested by Fig. 4,  
total Number of Cases is close to 50,000 and the Total Number of Deaths close to 2000.   

3/23 48
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Table 1.  Showing data for New Coronavirus 2019 (nCoV) from 22 January to 12 February 2020.  The raw data of Number of Cases and Deaths is 
taken from https://www.kaggle.com/sudalairajkumar/novel-corona-virus-2019-dataset/data#, from https://bnonews.com/index.php/2020/02/the-latest-
coronavirus-cases/ and https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or non-Hubei as 
most deaths are in a 90 km x 35 km area centered on Wuhan in Hubei (Fig. 2).  The Death Rate is the Number Deaths divided by the Number Cases 
Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change for all raw data is 
Value_Today divided by Value_Yesterday.  This data uses the revised values released on 13-Feb-20 to allow for revised diagnostic criteria.  The 
values for previous days are scaled by assuming that the change of Hubei Cases and Hubei Deaths between 11 and 12 Feb are 2000 cases and 100 
deaths, respectively, and that the added Cases and Deaths due to new diagnostic criteria are evenly spread.  This is equivalent to multiplying the 
previous values for Hubei Cases by factor 1.363 and the values for Hubei Deaths by factor 1.122. 

Plots of this data against time are shown in Fig. 1.  Panel (A) shows expected increase in Number of Cases.  Panel (B) 
confirms that almost all the deaths are in Hubei (96%).  Panel (C) shows that the Hubei death rate has decreased from 3.5% 
on 27-Jan to 2.7% today (12-Feb.).  The non-Hubei death rate is 6 times lower at 0.5%, which is comparable to that of 
influenza, but is rather worryingly creeping up from less than 0.2% 10 days ago.  Panel (D) shows that the Fractional 
Change in Total Cases (Cases_Today / Cases_Yesterday) is increasing more and more slowly for Hubei, non-Hubei & Total.  
Panel (E), shows that on 28-Jan the Fractional Change in Total Deaths (Deaths_Today / Deaths_Yesterday) was 1.3 (30% 
more deaths per day) but by today this ratio is 1.1 (10% more Total Deaths per day).  Specifically, the overall ratio of deaths 
today to deaths yesterday has decreased steadily since 1/25/2020.  This together with the data on Number of Cases in (D) 
suggests that the rate of increase in the number of deaths and cases will continue to slow down over the next week.  An 
extrapolation based on the sigmoid function (see Fig. 3) suggests that the number of Hubei deaths may not exceed 2000 
and that it will reach 95% of this limiting value by 20-Feb-2020. 

“Analysis of nCov-2019 Data on 2/13/2020” by Michael Levitt, Stanford University, USA 
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Figure. 1. Variation of nCov-2019 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 5 
February 2020.  In Panels (D) (E) linear trend-lines are added using data for the last 12 days from 1/29/2020.  For both Cases and Deaths, the Fraction Change 
for both Hubei and the world, the fit to a straight line is excellent (correlation coefficient or sqrt(R

2
)> 0.94).  This linear extrapolation suggests the Fractional 

Change in Number of Cases and Deaths will decrease to near 1.0 within a week, after which time, numbers of deaths will grow slowly.  We also show in panel (E) 
a red short-dashed of the straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/2/20 and 
gave rise to the in initial expectation that the growth of deaths would slow soon. 3/23 50
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate > 3%, in 
red cities with a death rate > 1% and in 
green other cities for which there is 
data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Ezhou, Jingmen 
and Tianmen (Table 2).  Other cities in 
the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data 1/4/2020 from jobtube.cn).  The 
red dot marks the Wuhan South China 
Seafood Market thought to be the 
source of this coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Deaths shown for 17 Hubei cities from 31 Jan to 6 Feb. 
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Figure. 3.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Hubei Deaths from the coronavirus COVID-19 since 22 Jan 
2020.  The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the 22 actual Number 
of Deaths values to 12-Feb (red line and circles) are well fit by the sigmoid function.  Particularly impressive is that the Ratio of Deaths Today to 
Yesterday (T/Y) from the actual data (red dashed line and circles on secondary axis) is well fit by the calculated Ratio (brown green line on 
secondary axis), which decreases in the linear fashion assumed in Fig. 2 (E).  The fit for the 19 or 21 values to 09-Feb or 11-Feb (green dashed 
lines) are also shown to indicate how sensitive the extrapolation is to new data values.  The situation is still very fluid and values the that are 
released in the next few days will be crucial.  We now expect the total death rate to plateau near the black line that assumes 2000 total Number of 
Deaths. 
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Figure. 4.  Showing how the Additional Number of Hubei Cases per Day peaked on Day 67 (4-Feb), whereas the Additional Number of Hubei 
Deaths per Day may have peaked yesterday (Day 67).  For sigmoid growth like that shown in Fig. 3, the additional number reaches a maximum 
midway through the curve.  If this holds here, then the total Number of Hubei Cases may reach 50,000 and the Total Number of Hubei Deaths may 
reach 2500.  The curve for Deaths is shifted by 6 days from that of Cases; suggesting that on average death occurs 6 days after being counted as a 
confirmed case.  The data plotted for Additional Cases and Additional Deaths is averaged over a three day window so that, for example, the value 
given on day 68 is the average of the values on days 67, 68 & 69.  This smoothing reduces the noise in the data. 
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Figure. 5.  Showing the extrapolation of Number of Cases and Number of Deaths in Hubei predicted by the data since 22-Jan 2020.  As suggested 
by Fig. 4,  total Number of Cases is close to 50,000 and the Total Number of Deaths close to 2500. 
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This report is written four days after the previous report (#14), released on 13-Feb (PST).  That report attempted to incorporate the 
additional cases diagnosed by clinical symptoms rather than in the laboratory.  We have now chosen to follow the WHO and use the 
data they release, which does not include these cases.  Deaths are not characterized as being from Clinical or Laboratory 
Diagnosed Cases, although some of the 17,000 additional clinically diagnosed cases may have resulted in death.  This uncertainty 
together with the fluctuations in the number of additional deaths between 13-Feb and 15-Feb make extrapolations less certain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.  Showing data for New Coronavirus 2019 (COVID-19) from 22 January to 16 February 2020.  Total Number of Cases and Deaths is taken from  the 
World Health Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the WHO did not 
give Cases and Deaths in Hubei so we also use https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  We separate data into Hubei and Others or 
non-Hubei as most deaths are in an area centered on Wuhan in Hubei (Fig. 2).  The Death Rate is the Number Deaths divided by the Number Cases 
Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change for all raw data is 
Value_Today divided by Value_Yesterday.  We also now give the number of New Cases and New Deaths in Hubei each day (subtract yesterday from today). 

Plots of this data against date are shown in Fig. 1.  Panel (A) shows a slowing increase in Number of Cases everywhere.  Panel (B) 
confirms that almost all the deaths are in Hubei.  Panel (C) shows that the Hubei death rate initially decreased from 3.5% on 27-Jan 
to 2.7% on 7-Feb. only to rise to 4.12% today (16-Feb.).  The non-Hubei death rate is much lower at 0.55%, comparable to that of 
influenza but worryingly creeping up from 0.2% on 7-Feb.  Panel (D) shows that the Fractional Change in Total Cases 
(Cases_Today / Cases_Yesterday) is increasing more and more slowly.  More informative is Fig. 3 showing the number of New 
Cases and New Deaths in Hubei.  While New Cases peaked on 6-Feb., today’s data 11 days later still does not show the expected 
peak in New Deaths.  This suggests that death occurs at least 11 days after diagnosis.  Until deaths peak we cannot estimate Total 
Hubei deaths as twice Total Hubei Deaths on the day New Deaths peak (Fig. 4).  This delay also suggests a 8% Hubei Death Rate. 

“17.Analysis of nCov-2019 Data on 2/17/2020” by Michael Levitt, Stanford University, USA 
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Figure. 1. Variation of COVID-19 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 
16 February 2020.  In Panels (D) & (E) linear trend-lines are added using data from 1/29/2020.  The Fraction Change for Cases is an excellent fit to a 
straight line, whereas that for Deaths is less good due to fluctuations since 13-Feb.  We also show in panel (E) a red short-dashed of the straight-line the fit 
to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/2/20 and gave rise to the initial expectation that the 
growth of deaths would slow soon. 
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Jingmen Qianjian 
and Xiantao (See Table 2).  Two cities,  
in the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data from jobtube.cn from 31-Jan. to 
16-Feb.).  The red dot marks the 
Wuhan South China Seafood Market 
thought to be the source of this 
coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Death Numbers (Death Ratio) shown for 17 Hubei cities from 31 Jan 
to 16 Feb.  City data is sorted by decreasing number of deaths.  We distinguish Death Rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per 
million population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (Clinically plus Laboratory diagnosed) 
is 3.7% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates < 1%; by 16-Feb., there were only 2 of 17. 

3/23 57



 

4 

Figure. 3 A.  Showing that the Number of New Hubei Cases per Day peaked on Day 69 (6-Feb), whereas the Number of New Hubei Deaths per Day is still 
rising linearly and does not seem to have peaked today, 11 days later.  For sigmoid growth like that shown in Fig. 4, the number of new cases of deaths 
reaches a maximum midway through the curve.  If this holds here, then the total Number of Hubei Cases will reach 41,000 (only laboratory diagnosed cases).  
Were the Number of New Hubei Deaths to peak today, the number of Total Hubei Deaths will reach 3,200.  In the blue dotted line bridging plot, the New Death 
data values of 245 on 13-Feb. and 2 on 14-Feb. (Table 1) are averaged to give 124 Deaths of each day, correcting what may have a been a typo in the value 
for 13-Feb. 
 
Figure 3 B.  The same data is smoothed by averaging over a five-day window so that, for example, the value given on day 69 is the average of the values on 
days 67, 68, 69, 70 & 71. 
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Figure. 4 A.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Hubei Deaths from the coronavirus COVID-19 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) so that the Number of Deaths values to 12-Feb 
(red line and circles).  Particularly impressive is that the Ratio of Deaths Today to Yesterday (T/Y) from the actual data (red dashed line and circles on 
secondary axis) is well fit by the calculated Ratio (brown green line on secondary axis), which decreases in the linear fashion assumed in Fig. 2 (E).  The fit for 
the values to 09-Feb or 11-Feb (green dashed lines) are also shown to indicate how sensitive the extrapolation is to new data values.  The situation is still very 
fluid and values released in the next few days will be crucial. 
 
Figure. 4 B.  Showing the sigmoid fit to the Number of Cases and Number of Deaths in Hubei predicted by the data since 22-Jan 2020.  As suggested by Fig. 
3, the total Number of Cases is close to 41,000.  The current estimate for Total Number of Deaths is 2,500 but will grow until the New Deaths in Fig. 3 peak.  
The horizontal black dotted line connects Total Hubei Deaths (1,595) today to the Total Hubei Cases 11 Days ago (19,767) suggesting that the real Hubei 
Death rate may be higher at 1595/19767= 8.0%.  This suggests that the Total Number of Hubei Deaths could reach 3,300 (8% of 41,000).  Note that this 
analysis is based only on Laboratory Confirmed Cases and does not include the 17,000 Clinically Diagnosed Cases. 
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Today’s report shows several optimistic signs.  The number of New Hubei Deaths per Day seems to have peaked with values for the 
last three days of 139, 138 & 101.  If this holds up for the next few days, we can estimate the Total Number of Hubei Deaths to be 
3,000.  The total number of Hubei cases (Clinical and Laboratory Diagnosed) is estimated to reach 60,000.  The number of New 
non-Hubei cases peaked on 4-Feb. allowing the Total Non-Hubei Cases to be estimated to reach 15,000. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 

Table 1.  Showing data for New Coronavirus 2019 (COVID-19) from 22 January to 17 February 2020.  Total Number of Cases and Deaths is from the World 
Health Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the WHO did not give 
Cases and Deaths in Hubei so we use https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  Starting on 17-Feb., the WHO includes cases Clinically 
diagnosed in addition to Laboratory diagnosed.  As no date is given for these cases we assume that the Clinical Cases are a fixed percentage of the 
Laboratory Cases (46.2%)  to get the revised Total Hubei Cases reported by WHO on 17-Feb.(58,182).  For continuity between old and new data we list Hubei 
Cases as ‘Hubei-L’ for Laboratory diagnosed and ‘Hubei-LC’ for Laboratory and Clinically diagnosed.  We divide data into Hubei and non-Hubei as most deaths 
are in an area centered on Wuhan in Hubei (Fig. 2).  The Death Rate is the Number Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others 
is the ratio of the Death Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change is Value_Today divided by Value_Yesterday.  We give he 
Number of New Cases and New Deaths in Hubei each day (subtracting yesterday from today).  We replace the seemingly incorrect WHO value for Hubei 
Deaths on 13-Feb. (1,316) with the average of 12 and 14 Feb. values (1,194) to avoid having 245 New Deaths on 13-Feb. but just 2 on 14-Feb (pink shading). 

Plots of this data against date are shown in Fig. 1.  Panel (A) shows a slowing increase in Number of Cases everywhere.  Panel (B) 
confirms that almost all the deaths are in Hubei.  Panel (C) shows that the Hubei death rate initially decreased from 2.5% on 27-Jan 
to 1.9% on 7-Feb. only to rise to 2.129% today.  The non-Hubei death rate is much lower at 0.5%, comparable to that of influenza.  
Panel (D) shows that the Fractional Change in Total Cases (Cases_Today / Cases_Yesterday) is decreasing steadily.  Fig. 3 shows 
the number of New Cases and New Deaths in Hubei.  While New Cases peaked on Day 69 (6-Feb.), New Deaths seems to have 
peaked on Day 78 (15-Feb.).  This suggests that on average death occurs at 9 days after diagnosis as a confirmed case. 

“18.Analysis of nCov-2019 Data on 2/18/2020” by Michael Levitt, Stanford University, USA 
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Figure. 1. Variation of COVID-19 data against time in days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 January to 
17 February 2020.  In Panels (D) & (E) linear trend-lines are added using data from 1/29/2020.  The Fraction Change for Cases and Deaths is an excellent 
fit to a straight line.  We also show in panel (E) a red short-dashed of the straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was 
used in the first draft of this analysis whish is dated 2/2/20 and gave rise to the expectation then that the growth of deaths would slow soon. 
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Jingmen Qianjian 
and Xiantao (See Table 2).  Two cities,  
in the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data from jobtube.cn from 31-Jan. to 
16-Feb.).  The red dot marks the 
Wuhan South China Seafood Market 
thought to be the source of this 
coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Death Numbers (Death Ratio) shown for 17 Hubei cities from 31 Jan 
to 16 Feb.  City data is sorted by decreasing number of deaths.  We distinguish Death Rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per 
million population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (Clinically plus Laboratory diagnosed) 
is 3.7% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates < 1%; by 16-Feb., there were only 2 of 17. 
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Figure. 3 A.  Showing the variation with time of Number of New Hubei Cases per Day and the Number of New Hubei Deaths per Day.  For New deaths, the 
WHO data values fluctuated wildly on 13 and 14 Feb. as shown by blue dotted line. For this reason, the Numbers New Deaths of 245 on 13-Feb. and 2 on 14-
Feb. (Table 1) are averaged to give 124 Deaths of each day, correcting what may have a been a typo in the value for 13-Feb. 
 
Figure 3 B.  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average of the values 
on days 68, 69 & 70.  These smoothed curves clearly show that the Number of New Hubei Cases per Day peaked on Day 69 (6-Feb) and that the Number of 
New Hubei Deaths per Day may have peaked on Day 78 (15-Feb.), which is 9 days later.  Note that we need a few more days of data to see if the drop in 
number of deaths on 17-Feb. is real or a random fluctuation.  For sigmoid growth like that shown in Fig. 4, the number of new cases or deaths reaches a 
maximum midway through the curve.  If this holds here, then the total Number of Hubei Cases will reach 60,000 (laboratory plus clinically diagnosed cases), 
which is approx. twice 28,208, the number of such cases on 6-Feb..  Were the Number of New Hubei Deaths to peak today, the number of Total Hubei Deaths 
will reach 3,000, which is approx. twice 1,457, the number of Hubei Deaths on 15-Feb.  There is a potentially worrying increase in the Number of New Hubei 
Cases on 15, 6 & 17 Feb. that will need to be followed. 
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Figure. 3 C.  Showing the variation with time of the smoothed Number of New Non-
Hubei Cases per Day.  Although smoothed by averaging over a window of three 
values, this data remains noisy.  Nevertheless, it does indicate that a peak in the 
Number New Non-Hubei Deaths occurred on day 67 or 68 (4-Feb. or 5-Feb.) 
allowing the maximum Total Number of Non-Hubei cases to be estimated as twice 
7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 14,000 and 
16,000.  Non-Hubei deaths are two few to plot in this way but if we assume that they 
peaked on 12 days later day 79 or 80 (see Fig 3B.), the Total Number of non-Hubei 
Deaths can be expected to reach twice the value of 76 on 17-Feb. for a total Number 
of Non-Hubei Deaths of 150.  This will mean an overall Non-Hubei Death Rate of 1 % 
(150/15,000). 
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Figure. 4 A.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Hubei Deaths from the coronavirus COVID-19 since 22 Jan 2020.  
The best fit (brown line) is obtained using Excel to optimize the parameters B & C in f(x) = A/(1-exp(-x+B)/C), with A set to 3,000, so that the predicted Number 
of Deaths first the actual values to 17-Feb (red line and circles) and also fits the estimate of the final Number of Deaths of 3,000 from the peak in new Deaths 
per Day (Fig. 3B)..  Particularly impressive is that the Ratio of Deaths Today to Yesterday (T/Y) from the actual data (red dashed line and circles on secondary 
axis) is well fit by the calculated Ratio (brown green line on secondary axis), which decreases in the linear fashion assumed in Fig. 2 (E). 
 
Figure. 4 B.  Showing the sigmoid fit to the Number of Cases and Number of Deaths in Hubei predicted by the data since 22-Jan 2020.  As suggested by Fig. 
3 B, the total Number of Hubei Cases will be close to 60,000, while the current estimate for Total Number of Deaths is 3,000.  This will mean an overall Hubei 
Death Rate of 5% (3,000/60,000), which is 5 times higher than the estimated Non-Hubei Death Rate of 1%. 
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Today’s report confirms the promising trend first seen two days ago: Total Number of Hubei Deaths will reach 3,000 and the estimated for the 
total number of Hubei cases (Clinical and Laboratory Diagnosed) will reach 64,000.  The Overall Death Rate is 4.5% with most deaths occurring 
on Day 0 an Day 9.  Non-Hubei Cases and Deaths are estimated to reach 16,000 and 160, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
 
 
 
 
 

Table 1.  Showing data for New Coronavirus 2019 (COVID-19) from 22 January to 20 February 2020.  Total Number of Cases and Deaths is from the World 
Health Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the WHO did not give 
Cases and Deaths in Hubei so we use https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  Starting on 17-Feb., the WHO includes cases Clinically 
diagnosed in addition to Laboratory diagnosed.  As no date is given for these cases we assume that the Clinical Cases are a fixed percentage of the 
Laboratory Cases (46.2%) to get the revised Total Hubei Cases reported by WHO on 17-Feb.(58,182).  For continuity between old and new data we list Hubei 
Cases as ‘Hubei-L’ for Laboratory diagnosed and ‘Hubei-LC’ for Laboratory and Clinically diagnosed.  We divide data into Hubei and non-Hubei as most deaths 
are in an area centered on Wuhan in Hubei (Fig. 2).  The Death Rate is the Number Deaths divided by the Number Cases Confirmed, and Ratio Hubei/Others 
is the ratio of the Death Rate for Hubei to the Death Rate for non-Hubei.  The Fraction Change is Value_Today divided by Value_Yesterday.  We give he 
Number of New Cases and New Deaths in Hubei each day (subtracting yesterday from today).  We replace the seemingly incorrect WHO value for Hubei 
Deaths on 13-Feb. (1,316) with the average of 12 and 14 Feb. values (1,194) to avoid having 245 New Deaths on 13-Feb. but just 2 on 14-Feb (pink shading). 

Plots of this data against date are shown in Fig. 1.  Panel (A) shows a slowing increase in Number of Cases everywhere.  Panel (B) 
confirms that almost all the deaths are in Hubei.  Panel (C) shows that the Hubei Death Rate initially decreased from 2.5% on 27-Jan. 
to 1.9% on 7-Feb. only to rise to 3.3% today, which it is wrongly estimated.  Panels (D) and (E) shows that the Fractional Change in 
Total Cases (Cases_Today / Cases_Yesterday) is decreasing steadily.  Fig. 3 shows the number of New Cases and New Deaths in 
Hubei.  While New Cases peaked on Day 69 (6-Feb.), New Deaths peaked on Day 78 (15-Feb.).  This difference shows that on-
average death occurs at 9 days after diagnosis.  This is confirmed by the correct distribution of Death Rate calculated in Fig. 5, 
which also gives a fixed Hubei Death Rate of 4.5%, much larger than currently accepted. 

“21.Analysis of nCov-2019 Data on 2/21/2020” by Michael Levitt, Stanford University, USA 
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Figure. 1. Variation of COVID-19 data against Days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 Jan. to 20 Feb. 2020.  The 
rise of Hubei Death Rate in Panel (C) makes no sense as the virus is not becoming more virulent.  This discrepancy arises because all Deaths do not occur on the 
same day a case is diagnosed.  A proper Death Rate Distribution gives a real Hubei Death Rate of 4.4% (Fig. 6).  In Panels (D) & (E) linear trend-lines are added 
using data from 1/29/2020.  The Fraction Change for Cases and Deaths is an excellent fit to a straight line.  In panel (E) we also show a red short-dashed of the 
straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/2/20, giving the expectation that the 
growth of deaths would slow soon. 3/23 67
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Figure. 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data.  Most deaths are localized to a 
90km x 35km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Jingmen Qianjian 
and Xiantao (See Table 2).  Two cities,  
in the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world data 
(data from jobtube.cn from 31-Jan. to 
16-Feb.).  The red dot marks the 
Wuhan South China Seafood Market 
thought to be the source of this 
coronavirus. 

Table. 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Death Numbers (Death Ratio) shown for 17 Hubei cities from 31 Jan 
to 16 Feb.  City data is sorted by decreasing number of deaths.  We distinguish Death Rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per 
million population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (Clinically plus Laboratory diagnosed) 
is 3.7% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates < 1%; by 16-Feb., there were only 2 of 17. 
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Figure. 3A.  Showing the variation with time of Number of New Hubei Cases per Day (red line) and the Number of New Hubei Deaths per Day (black line).  For 
New deaths, the WHO data values fluctuated wildly on 13 and 14 Feb. as shown by black dotted line.  For this reason, the Numbers of New Deaths of 245 on 
13-Feb. and 2 on 14-Feb. (Table 1) are averaged to give 124 New Deaths on each day, correcting what may have a been a typo in the value for 13-Feb.  
(black dashed line). 
 
Figure 3B.  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average of the values 
on days 68, 69 & 70.  These smoothed curves clearly show that the Number of New Hubei Cases per Day peaked on Day 69 (6-Feb) and that the Number of 
New Hubei Deaths per Day may have peaked on Day 78 (15-Feb.), which is 9 days later.  Note that we need a few more days of data to see if the drop in 
number of deaths on 17-Feb. is real or a random fluctuation.  For sigmoid growth like that shown in Fig. 4, the number of new cases or deaths reaches a 
maximum midway through the curve.  If this holds here, then the total Number of Hubei Cases will reach 60,000 (laboratory plus clinically diagnosed cases), 
which is approximately twice 28,208, the number of such cases on 6-Feb..  Were the Number of New Hubei Deaths to peak today, the number of Total Hubei 
Deaths will reach 3,000, which is approx. twice 1,457, the number of Hubei Deaths on 15-Feb.  Better analysis in Fig. 4 gives asymptotic values of 64,000 and 
3,000 for Number of Cases and Deaths, respectively. 
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Figure. 3C.  Showing the variation with time of the smoothed Number of New Non-
Hubei Cases per Day.  Although smoothed by averaging over a window of three 
values, this data remains noisy.  Nevertheless, it does indicate that a peak in the 
Number New Non-Hubei Deaths occurred on day 67 or 68 (4-Feb. or 5-Feb.) 
allowing the maximum Total Number of Non-Hubei cases to be estimated as twice 
7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 14,000 and 
16,000.  Non-Hubei deaths are two few to plot in this way but if we assume that they 
peaked 9 days later day 79 or 80 (see Fig 3B.), the Total Number of non-Hubei 
Deaths can be expected to reach a total Number of Non-Hubei Deaths of 160.  This 
will mean an overall Non-Hubei Death Rate of 1% (160/16,000). 
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Figure. 4A.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Hubei Deaths from the coronavirus COVID-19 since 22 Jan 
2020.  The best fit to actual values (black line) is obtained using Excel to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) until the weighted 
(weight=sqrt(Number Deaths)) difference between the calculated and actual Number of Deaths is a minimum.  Particularly impressive is that the Ratio of 
Deaths Today to Yesterday (T/Y) from the actual data (orange dashed line and circles on secondary axis) is well fit by the calculated Ratio (black dashed 
line on secondary axis), which decreases in the linear fashion assumed in Fig. 2 (E) towards the value of 1.0 when there is no further growth in number of 
deaths. 
 
Figure. 4B.  Showing the sigmoid fit to the Number of Cases and Number of Deaths in Hubei predicted by the data since 22-Jan 2020.  As suggested by 
Fig. 3B, the total Number of Hubei Cases will be close to 64,000, while the current estimate for Total Number of Deaths will be close to 3,000.  This will 
mean an overall Hubei Death Rate of almost 5% (3,000/64,000), which is 5 times higher than the estimated Non-Hubei Death Rate of 1%.  This estimate 
is now confirmed by the Death Rate Distribution derived in Fig. 5. 
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Figure. 4C.  By subtracting values for yesterday from today, the sigmoid function f(x) = 1/(1-exp(-x)) 
fit to the actual Total Number of Hubei Cases or Deaths shown in Fig. 4B can be used to get a 
calculated Number of New Hubei Cases or New Hubei Deaths (solid red and black lines, 
respectively).  These curves are a good fit to the Actual Number of New Hubei Cases or Deaths (red 
and black transparent circles joined by dashed read and black lines, respectively), although the real 
data is noisy with large fluctuations. 
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Figure. 5A.  The data on Number of New Cases and 
New Deaths each day in Fig. 4C. is shown again (solid 
red and black lines) in our attempt to relate New Cases 
to New Deaths by deriving a Death Rate Distribution.  
This distribution gives the Death Rate i days (where i is 
0, 1, 2, etc.) after confirmation as a new case.  It shows 
the progression of the disease fitting the data we have. 
 
We assume that for each case diagnosed on day 0, 
there will be Death Rate Pi for death after i = 0, 1, 2, .. 
29 days (we tried i up to 44 but there was no signal for 
Days 30 to 44).  The Number of New Deaths, Dn, on 
day n is the sum of deaths from Cn-i, the Number of 
New Cases on previous days: 

Dn = Cn*P0 + Cn-1*P1 + Cn-2*P2 +…+ Cn-29*P29 
The corresponding total Death Rate is the sum of all Pi 
values and will be the same for each day. 
 
Again we use Excel Solver to determine the values for 
the Pn values.  This is done in two ways: 
(1)  With all 30 parameters, one for each Pn values. 
(2) With just 9 parameters obtained by calculating the 

Pn values as a sum of three Gaussian functions 
g(n) = Ai*exp(-((n-Bi)/Ci)

2
), where there are 3 

parameters (Ai ,Bi, Ci) for each Gaussian. 

We run Solver repeatedly for the 30-parameter model 
always reaching the same best fit with a weighted error 
of 1.236 (weight is taken a sqrt(D) where D is Number 
of New Deaths in Fig. 4C).  A similar best fit is also 
obtained with the 9-parameter model.  The Number of 
New Deaths from the best 30-parameter solution is 
shown as the green line in Fig. 5A.  The fit is almost 
perfect (hiding the black line)except for 15-Jan. to 31-
Jan. when it is low.  This could mean that the number 
of Confirmed Cases was low then due to the difficult 
conditions in Hubei. 
 
Figure. 5 B.  Showing the Death Rate Distributions for 
30-Parameter and 9-Parameter fits are very similar.  
Both have unexpected features as follows:  there is a 
Death Rate of 1.1% on day 0, the day a case is 
confirmed; there is a death rate of about 2.4% summed 
over days 8 & 9; there is a death rate of 1.2% summed 
over later days.  The total Death Rate is 4.46%, which 
is higher than that calculated in Fig. 1C. 

(A) 

(B) (C) 
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Contrary to the prevailing world hysteria, the COVID-19 epidemic is almost all over in China and likely also in the whole 
world.  Today’s analysis uses WHO data for the past 32 days to confirm trends we have shown in the 22 earlier reports.  
We separate Hubei from non-Hubei as most cases and deaths have occurred in Hubei (see Fig. 2).  We estimate there 
will be 3,050 Total Hubei Deaths and less than 200 non-Hubei Deaths in China.  There will be 65,000 Hubei Cases with a 
Hubei Death Rate of 4.5% (1% on Day 0 after becoming a case; 2.4% on Days 8 & 9, the remaining 1% after day 14).  
There will be 15,000 non-Hubei Cases in China with a death rate currently of 1%. 

Plots of this data against date are shown in Fig. 1.  Panel (A) shows a slowing increase in Number of Cases everywhere.  
Panel (B) confirms that almost all the deaths are in Hubei.  Panel (C) shows that the Hubei Death Rate initially decreased 
from 2.5% on 27-Jan. to 1.9% on 7-Feb. only to rise to 3.6% today, but as it is wrongly estimated this is unimportant (see 
Fig. 5).  Panels (D) and (E) shows that the Fractional Change in Total Cases or Deaths (Value_Today / Value_Yesterday) 
is decreasing steadily as we expected on 2 Feb.  Fig. 3 shows the number of New Cases and New Deaths in Hubei; while 
New Cases peaked on Day 69 (6-Feb.), New Deaths peaked on Day 78 (15-Feb.).  This difference shows that on-average 
death occurs at 9 days after diagnosis.  In Fig. 3C we plot the New Cases and Deaths for non-Hubei but without non-
China data.  New cases have clearly peaked on Day 68 (5-Feb.) while New Deaths may well have peaked between Day 
75 and Day 79.  The middle of this range, Day 77 is 9 days after the new case peak, as would be expected.  We fit the 
Total Hubei Cases and Deaths with sigmoid functions, which give final expected total numbers of Cases and Deaths of 
65,060 and 3 030, respectively (Fig. 4).  This fit allows calculation of the distribution of Death Rate shown in Fig. 5, it gives 
a fixed Hubei Death Rate of 4.5%, larger than currently accepted. 

As soon as it seemed possible that the epidemic was over in China (Hubei and non-Hubei ), which was by far hit hardest 
with all except 11 of the 2348 deaths (99.5%), ‘world panic’ was focused on the Diamond Princess cruise ship.  In many 
ways, this ship provides a worse-case test scenario.  There were 634 cases and 2 deaths for the 2,600 passengers, who 
were kept in close proximity on a ship 290m x 37m in size, a population density of 250,000 per square km. (37 times that 
of Hong Kong).  These passengers are much older than the general population (200 were over 80 years).  The 
passengers were not quarantined properly but were diagnosed for COVID-18 daily by PCR (polymerase chain reaction), a 
sensitive amplification method that detects minuscule levels of virus.  This led to the 23% infection rate, which shows that 
if we want to waste the money and measure the world’s population each day, we may reach this level of infection.  By 
looking at people without symptoms with a super-sensitive molecular-detection method, we will find them.  Two deaths, 
both of people older than 80 gives a death rate of 0.07% (2/2,600) in a month.  By comparison, in the USA, for people 80 
and over, the death rate is 11% per year or 0.9% per month.  This would mean 2 deaths a month for 200 passengers over 
80.  If there are no further CORVID-19 deaths amongst the Diamond Princess passengers, it seems we need not worry 
about this disease causing widespread death worse than influenza. 
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Table 1.  Showing data for New Coronavirus 2019 (COVID-19) from 22 January to 22 February 2020.  Total Number of Cases and Deaths is from 
the World Health Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the 
WHO did not give Cases and Deaths in Hubei so we use https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  Starting on 17-Feb., the 
WHO includes cases Clinically diagnosed in addition to Laboratory diagnosed.  As no date is given for these cases we assume that the Clinical 
Cases are a fixed percentage of the Laboratory Cases (46.2%) to get the revised Total Hubei Cases reported by WHO on 17-Feb.(58,182).  For 
continuity between old and new data we list Hubei Cases as ‘Hubei-L’ for Laboratory diagnosed and ‘Hubei-LC’ for Laboratory and Clinically 
diagnosed.  We divide data into Hubei and non-Hubei as most deaths are in an area centered on Wuhan in Hubei (Fig. 2).  The Death Rate is the 
of Number Deaths divided by the Number of Cases Confirmed, and Ratio Hubei/Others is the ratio of the Death Rate for Hubei to the Death Rate 
for non-Hubei.  The Fraction Change is Value_Today divided by Value_Yesterday.  We give the Number of New Cases and New Deaths in Hubei 
each day (subtracting yesterday from today).  We replace the seemingly incorrect WHO value for Hubei Deaths on 13-Feb. (1,316) with the 
average of 12 and 14 Feb. values (1,194) to avoid having 245 New Deaths on 13-Feb. but just 2 New Deaths on 14-Feb (pink shading). 
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Figure 1. Variation of COVID-19 data against Days since 29 Nov 2019 (guessed date of the first case).  Table 1 data is plotted from 22 Jan. to 22 Feb. 2020.  The 
rise of the Hubei Death Rate in Panel (C) makes no sense as the virus is not becoming more virulent.  This discrepancy arises because all Deaths do not occur on 
the same day a case is diagnosed.  A proper Death Rate Distribution gives a real Hubei Death Rate of 4.4% (Fig. 5).  In Panels (D) & (E) linear trend-lines are 
added using data from 1/29/2020.  The Fraction Change for Cases and Deaths is an excellent fit to a straight line.  In panel (E) we also show a red short-dashed of 
the straight-line the fit to the four data points for 31-Dec to 02-Feb; this trend was used in the first draft of this analysis dated 2/2/20, giving the expectation that the 
growth of deaths would slow soon. 3/23 76
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Figure 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data.  Most deaths are localized to a 
90 km x 35 km area centered near 
Tianmen and high death rates occur in 
four cities: Wuhan, Jingmen Qianjian 
and Xiantao (See Table 2).  Two cities,  
in the same area have low death rates, 
comparable to those elsewhere in 
China and the rest of the world (data 
from jobtube.cn from 31-Jan. to 16-
Feb.).  The red dot marks the Wuhan 
South China Seafood Market thought to 
be the source of this coronavirus. 

Table 2.  Number of Cases, Number of Deaths, Death Rates and Fractional Changes in Death Numbers (Death Ratio) shown for 17 Hubei cities from 31 Jan 
to 16 Feb.  City data is sorted by decreasing number of deaths.  We distinguish Death Rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per 
million population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (Clinically plus Laboratory diagnosed) 
is 3.7% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates less than 1%; by 16-Feb., there were only 2 of 17. 
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Figure 3A.  Showing the variation with time of Number of New Hubei Cases per Day (red line) and the Number of New Hubei Deaths per Day (black line).  For 
New deaths, the WHO data values fluctuated wildly on 13 and 14 Feb. as shown by the black dotted line.  For this reason, the Numbers of New Deaths of 245 
on 13-Feb. and 2 on 14-Feb. (Table 1) are averaged to give 124 New Deaths on each day, correcting what may have been a typo in the value for 13-Feb.  
(black dashed line). 
 
Figure 3B.  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average of the values 
on days 68, 69 & 70.  These smoothed curves clearly show that the Number of New Hubei Cases per Day peaked on Day 69 (6-Feb) and that the Number of 
New Hubei Deaths per Day peaked on Day 78 (15-Feb.), which is 9 days later.   For sigmoid growth like that shown in Fig. 4, the number of new cases or 
deaths reaches a maximum midway through the curve.  If this holds here, then the total Number of Hubei Cases will reach 60,000 (laboratory plus clinically 
diagnosed cases), which is approximately twice 28,208, the number of such cases on 6-Feb.  Assuming New Hubei Deaths peaked on 15-Feb., means 
number of Total Hubei Deaths will reach 2,914, twice 1,457, the number of Hubei Deaths on 15-Feb.  Better analysis in Fig. 4 gives asymptotic values of 
65,050 and 3,030 for Number of Cases and Deaths, respectively. 
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Figure 3C.  Showing the variation with time of the smoothed Number of New Non-Hubei Cases in 
China per Day (green line).  Although smoothed by averaging over a window of three values, this data 
remains noisy.  Nevertheless, it does indicate that a peak in the Number New Non-Hubei Cases in 
China occurred on day 67 or 68 (4-Feb. or 5-Feb.) allowing the maximum Total Number of Non-Hubei 
cases to be estimated as twice 7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 
14,000 and 16,000.  Although, New Non-Hubei China Deaths are few we plot them is this way(brown 
line).  We see the expected delay between New Deaths and  New Cases but the curves do not look like 
those for Hubei (Fig. 3 AB).  If we assume that they peaked 9 days later on Day 79 or 80 (see Fig 3B.), 
the Total Number of non-Hubei Deaths can be expected to reach a total Number of Non-Hubei China 
Deaths of 160.  This will mean an overall Non-Hubei Death Rate of 1% (160/16,000). 
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Figure 4A.  Fit of the sigmoid function f(x) = 1/(1-exp(-x)) to the actual Total Number of Hubei Deaths from the coronavirus COVID-19 since 22 Jan 2020.  
The best fit to the actual values (black line) is obtained using Excel Solver to optimize the parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) until the 
weighted difference (weight=sqrt(Number Deaths)) between the calculated and actual Number of Deaths is a minimum.  Particularly impressive is that the 
Ratio of Deaths Today to Yesterday (T/Y) from the actual data (orange dashed line and circles on secondary axis) is well fit by the calculated Ratio (black 
dashed line on secondary axis), which decreases in the linear fashion assumed in Fig. 2 (E) towards the value of 1.0 when there is no further growth in 
number of deaths. 
 
Figure 4B.  Showing the sigmoid fit to the Number of Cases and Number of Deaths in Hubei predicted by the data since 22-Jan 2020.  As suggested by 
Fig. 3B, the final Total Number of Hubei Cases will be close to 65,000, while the current estimate for Total Number of Deaths will be close to 3,000.  This 
will mean an overall Hubei Death Rate of almost 5% (3,000/65,000=4.7%), which is 5 times higher than the estimated Non-Hubei Death Rate of 1%.  This 
estimate is now improved by the Death Rate Distribution derived in Fig. 5, which gives an overall Death Rate of 4.54%. 
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Figure 4C.  By subtracting values for yesterday from today, the sigmoid function f(x) = 1/(1-exp(-x)) 
as fitted to the actual Total Number of Hubei Cases or Deaths shown in Fig. 4B, can be used to get 
a calculated Number of New Hubei Cases or New Hubei Deaths (solid red and black lines, 
respectively).  These curves are a good fit to the Actual Number of New Hubei Cases or Deaths (red 
and black transparent circles joined by dashed read and black lines, respectively), although the real 
data is noisy with large fluctuations.  The smooth New Cases curve (solid red line) peaks at Day 70.4 
and the smooth New Deaths curve (solid black line peaks at Day 78.6). 
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Figure 5A.  The data on Number of New Cases and 
New Deaths each day in Fig. 4C. is shown again (solid 
red and black lines) in our attempt to relate New Cases 
to New Deaths by deriving a Death Rate Distribution.  
This distribution gives the Death Rate i days after 
confirmation as a new case, where i is 0, 1, 2, etc.) .  In 
this way, we predict the disease progression by fitting 
the data. 
 

Assume that for each case diagnosed on day 0, there 
will be Death Rate Pi for death after i = 0, 1, 2, .. 29 
days (we tried i up to 44 but there was no signal for 
Days 30 to 44).  The Number of New Deaths, Dn, on 
day n is the sum of deaths from Cn-i, the Number of 
New Cases on previous days i: 

Dn = Cn*P0 + Cn-1*P1 + Cn-2*P2 +…+ Cn-29*P29 
The corresponding total Death Rate is the sum of all Pi 
values and is same for each day. 
 

Again we use Excel Solver to determine the values for 
the Pn values.  This is done in two ways: 
(1)  With all 30 parameters, one for each Pn values. 
(2) With just 9 parameters obtained by calculating the 

Pn values as a sum of three Gaussian functions 
g(n) = Ai*exp(-((n-Bi)/Ci)

2
), where there are 3 

parameters (Ai ,Bi, Ci) for each Gaussian. 

We run Solver with random starts for the 30-parameter 
model always reaching the same best fit with a 
weighted error of 1.204 (weight is sqrt(D) where D is 
Number of New Deaths in Fig. 4C).  A similar fit is also 
obtained with the 9-parameter model.  The Number of 
New Deaths from the best 30-parameter solution is 
shown as the green line in Fig. 5A.  The fit is almost 
perfect (hiding the black line) except for 15-Jan. to 29-
Jan. when it is low.  Confirming cases could have been 
low  low then due to difficult conditions in Hubei. 
 
Figure 5 B.  Showing that Death Rate Distributions for 
30 parameters and 9 parameters are similar.  For both    
there is a Death Rate of 1.1% on day 0, the day a case 
is confirmed, a death rate of about 2.3% summed over 
days 7 to 10 and a death rate of about 1% summed 
over later days (two peaks for the 30-parameter model 
and a broad distribution for the 9-parameter model).  
The total Death Rate in both cases is 4.54%, which is 
higher than that calculated in Fig. 1C. 
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Contrary to the prevailing world concern, the COVID-19 epidemic is almost all over in China. Today’s analysis uses WHO data for 
the past 37 days to confirm trends we have shown in reports going back to 1-Feb.  We separate Hubei from non-Hubei as most 
cases and deaths have occurred in Hubei (Fig. 2).  We estimate there will be 3,200 total Hubei deaths and less than 120 non-Hubei 
deaths in China.  There will be 66,000 Hubei cases with a Hubei death rate of 4.7% (1% on Day 0 after being classified as a case; 
2.4% on Days 8 & 9, the remaining 1% after day 14, Fig. 5).  There will be 13,000 non-Hubei cases in China with a death rate of 
0.85%.  China Non-Hubei deaths seem to occur after 10 days, very similar to the 9 day delay most common for Hubei deaths. 

As soon as it seemed possible that the epidemic was close to being over in China (Hubei and non-Hubei ), which was by far hit 
hardest with 94% of the deaths, concern was focused on the Diamond Princess cruise ship.  In many ways, this ship provides a 
worse-case test scenario.  There were 705 cases and 4 deaths for the 2,600 passengers and 1,100 crew, who were kept on a ship 
290m x 37m in size, a population density of 250,000 per square km. (37 times that of Hong Kong).  These passengers are older than 
the general population (200 were over 80 years).  The passengers were tested for COVID-19 daily using PCR (polymerase chain 
reaction), a sensitive DNA amplification method that detects minuscule levels of virus.  This led to the 19% infection rate (705/3,700), 
which shows that if we want to test the world’s population each day, we may eventually reach this level of infection.  A super-
sensitive molecular-detection method like PCR find signs of the virus on people who are neither sick nor able to infect others.  Four 
deaths, some of people older than 80, gives a death rate of 0.1% (4/3,700) in a month.  By comparison, in the USA, for people 80 
and over, the death rate is 11% per year or 0.9% per month.  This would mean 2 deaths a month amongst 200 passengers over 80.  
If there are no further COVID-19 deaths amongst the Diamond Princess passengers, it seems we need not worry about this disease 
causing widespread death worse than influenza. 

As data accumulates on Non-China cases, we turn our attention to their analysis.  This data is very noisy as expected for the early 
phase and comes from different countries.  Preliminary analysis (Fig. 7) shows no signs of slowing exponential growth of cases or 
deaths.  More work is needed and we hope that detailed analysis of the epidemic in China will help the rest of the world. 

For now, I raise questions for experts who may read this analysis. 

(1) Why do most deaths in China tend to occur after 9 or 10 days from infection (Figs. 3,4 & 5) 

(2) Why do Hubei cases have a 1% death rate on the day case in confirmed whereas Non-Hubei cases do not (Fig. 5) 

(3) Why do China Non-Hubei cases and deaths both peak three days before those in Hubei?  Is the explanation in Fig. 6 crazy? 

(4) Why do death rates in different countries differ so much (Fig. 7).  Do the high rates in Iran mean only the very ill are examined? 

(5) Did the epidemic in China slow due to stringent quarantine or rise of immunity in many of those infected but never detected as a 
case?  Can an epidemic be stopped if we use social distancing to contact with fewer people without strict quarantine? 

(6) Could certain individuals be naturally immune due to their individual antibody repertoires?  

(7) Is what happened on the Diamond Princess a good model for what a world pandemic would be (20% infection rate, 0.1% death 
rate in over 65-year olds).  A big unknown is the role of social distancing on the ship?   

“28. Analysis of COVID-2019 Data on 2/28/2020” by Michael Levitt, Stanford University, USA 
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Table 1.  Showing data for New Coronavirus 2019 or COVID-19) from 22 January to 27 February 2020.  Total number of cases and deaths is from the World Health 
Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the WHO did not give cases and 
deaths in Hubei so we use data from https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  Starting on 17-Feb., the WHO includes cases clinically 
diagnosed in addition to those laboratory diagnosed.  As no date is given for these cases, we assume that the clinical cases are a fixed percentage of the laboratory 
cases (46.2%) to get the revised total Hubei cases reported by the WHO on 17-Feb.(58,182).  For continuity between old and new data we list Hubei cases as 
‘Hubei-L’ for laboratory diagnosed and ‘Hubei-LC’ for laboratory and clinically diagnosed.  We divide data into Hubei and non-Hubei as most deaths are in an area 
centered on Wuhan in Hubei (Fig. 2).  The death rate is the number of deaths divided by the number of cases confirmed, and Ratio Hubei/Others is the ratio of the 
death rate for Hubei to the death rate for non-Hubei.  The fraction change is Value_Today divided by Value_Yesterday.  We give the number of new cases and new 
deaths in Hubei each day (subtracting yesterday from today).  We replace the seemingly incorrect WHO value for Hubei deaths on 13-Feb. (1,316) with the average 
of 12 and 14 Feb. values (1,194) to avoid having 245 new deaths on 13-Feb. but just 2 new deaths on 14-Feb (pink shading).  As cases outside China have grown, 
we add the number of Non-China deaths and cases form the WHO data. 
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Figure 1. Variation of COVID-19 data against days since 29 Nov 2019 (guessed date of the first case).  Data is taken from Table 1.  

(A) shows a slowing increase in number of cases everywhere.  (B) confirms that almost all the deaths are in Hubei.  (C) shows that the Hubei death rate initially 
decreased from 2.5% on 27-Jan. to 1.9% on 7-Feb. only to rise to 4.0% today.  Such a rise of the Hubei death rate in (C) makes no sense as the virus is not 
becoming more virulent.  This discrepancy arises because all deaths do not occur on the same day a case is diagnosed.  A proper death rate distribution gives 
a real Hubei death rate of 4.7% (Fig. 5).  (D) and (E) show that the fractional change in total cases or deaths (Value_Today / Value_Yesterday) is decreasing 
steadily.  In (D) & (E) we add linear trend-lines using data from 1/29/2020.  The fractional change for cases and deaths is an excellent fit to a straight line.  In 
(E) we also show a red short-dashed line of the linear fit to the four data points for 31-Dec to 02-Feb; this trend was seen in the first draft of this analysis dated 
2/2/20, giving rise to the hope I expressed that the growth of deaths would slow soon. 
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Figure 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data in Table 2.  Most deaths are 
localized to a 90 km x 35 km area 
centered near Tianmen and high death 
rates occur in four cities: Wuhan, 
Jingmen, Qianjiang and Xiantao (See 
Table 2).  Two cities,  in the same area 
have low death rates, comparable to 
those elsewhere in China and the rest 
of the world (data from jobtube.cn from 
31-Jan. to 16-Feb.).  The red dot marks 
the Wuhan South China Seafood 
Market thought to be the source of this 
coronavirus. 

Table 2.  Number of cases, number of deaths, death rates and fractional changes in death numbers (death ratio) shown for 17 Hubei cities from 31 Jan to 16 
Feb.  City data is sorted by decreasing number of deaths.  We distinguish death rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per million 
population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (clinically plus laboratory diagnosed) is 
0.37% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates less than 1%; by 16-Feb., there were only 2 of 17. 
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Figure 3.  Time variation of number of new cases and new deaths in China, separated into Hubei and elsewhere in mainland China (Non-Hubei). 

(A). Showing the number of new Hubei cases per day (red line) and the number of new Hubei deaths per day (black line).  For new deaths, the WHO data values 
fluctuated wildly on 13 and 14 Feb. as shown by the black dotted line.  For this reason, the numbers of new deaths of 245 on 13-Feb. and 2 on 14-Feb. (Table 1) 
are averaged to give 124 new deaths on each day, correcting what may have been a typo in the value for 13-Feb. (black dashed line). 

(B)  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average of the values on days 68, 
69 & 70.  These smoothed curves clearly show that the number of new Hubei cases per day peaked on Day 69 (6-Feb) and that the number of new Hubei deaths 
per day peaked on Day 78 (15-Feb.), which is 9 days later.  For sigmoid growth like that shown in Fig. 4, the number of new cases or deaths reaches a maximum 
midway through the curve.  This predicts the total number of Hubei cases will reach 60,000 (laboratory plus clinically diagnosed cases), approximately twice 
28,208, the number of such cases on 6-Feb.  This also predicts total number of Hubei deaths will reach 2,914, twice 1,457, the number of Hubei deaths on 15-Feb.  
Better analysis in Fig. 4 gives asymptotic values of 65,834 and 3,150 for number of Hubei cases and deaths, respectively. 

(C)  Showing the variation with time of the smoothed number of new Non-Hubei cases in China per day (red line).  Although smoothed by averaging over a window 
of five values, this data remains noisy.  Nevertheless, it does indicate that a peak in the number of new Non-Hubei cases in China occurred on day 67 or 68 (4-Feb. 
or 5-Feb.) allowing the maximum total number of Non-Hubei cases to be estimated as twice 7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 
14,000 and 16,000.  The same argument estimates the total number of non-Hubei deaths to reach a 160.  Again, Fig. 4 gives better asymptotic values of 13,075 
and 109 for the total number of Non-Hubei cases and deaths, respectively. 

(A) (B) (C) 
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Figure 4.  Fit of a sigmoid function to the total number of COVID-19 cases and deaths in Hubei.  (A) The best fit (black line) to the actual deaths (black dots).  
The fit is obtained using Excel Solver to find parameters A, B & C in f(x) = A/(1-exp(-x+B)/C) that minimize the weighted RMS difference of calculated and actual 
number (weight=sqrt(number deaths).  We calculate ratio of value today to those yesterday (T/Y, black dashed line) and compare with the actual data (orange 
dashed line and circles on secondary axis).  The fit is excellent and the calculated ratio decreases approximately linearly towards a value of 1.0 as assumed in Fig. 
2 (E). 

(B) Sigmoid fits to both the number of cases and number of deaths in Hubei.  The final total number of Hubei cases will be close to 66,000, while the current 
estimate for total number of deaths will be close to 3,200.  This will mean an overall Hubei death rate of almost 5% (3,200/66,000=4.8%). 

(C) By subtracting values for yesterday from today, the sigmoid function fitted to the actual number of new Hubei cases or deaths shown in Fig. 4B, gives the 
number of new Hubei cases or new Hubei deaths (solid red and black lines, respectively).  These curves are a good fit to the actual number of new Hubei cases or 
deaths (red and black transparent circles joined by dashed read and black lines, respectively), although the real data is noisy with large fluctuations.  The smooth 
new cases curve (solid red line) peaks at Day 70.4 and the smooth new deaths curve (solid black line peaks at Day 78.6). 

Corresponding plots for cases and deaths in China but Non-Hubei is plotted in panels (D), (E) & (F).  The Non-Hubei death rate is almost 1% (109/13075=0.83%), 
which is about 5 times lower than that in Hubei. 

The A, B & C parameters for sigmoid curves are 65834, 70.6 & 4.47 for Hubei cases; 3150, 79.1 & 6.32 for Hubei deaths; 13075, 67.0 & 4.41 for Non-Hubei cases; 
and 109, 76.1 & 4.39 for Non-Hubei deaths. 

(A) (B) (C) 

(D) (E) (F) 
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Figure 5.  Relating new cases to new deaths via a death rate distribution, 
which gives the fraction of cases that die i days after a case is confirmed.   

If Pi is fraction of cases that die after i = days, the number of new deaths on 
day n, Dn, is the sum of deaths from the new cases, Cn-i, on previous days, 
where  Dn = Cn*P0 + Cn-1*P1 + Cn-2*P2 +…+ Cn-29*P2 .  The total death rate is ΣPi . 

Excel Solver is used to determine values for the Pn unknowns in two ways: 
(1) 30 parameters, one for each Pn value. 
(2) 3 parameter Gaussian Pn = P*exp(-((n-Q)/R)

2
), a with parameters P, Q & R. 

The distributions are smoothed with an entropy penalty of -WΣPnln(Pnn) added 
to the weighted least squares fit of predicted and actual number of new deaths. 

(A). The death rate distribution that best fits predicted deaths to actual deaths 
in Hubei has 4 peaks with a death rate of 1.1% on day 0, the day a case is 
confirmed, of 2.4% summed over days 9 & 10 and about 1% over later days.  
Smoother fits found by increasing the entropy weight W are more realistic but 
fit slightly less well.  The total death rate in all cases is 4.7%. 

(B) A death rate distributions allows China Non-Hubei new deaths to be 
predicted from China Non-Hubei new cases.  Single Gaussian fits broadened 
by added entropy all peak on Day 10.  The total death rate in all cases is 
0.85%.  For both Hubei and Non-Hubei, the death rate is higher than in Fig. 1C. 

(C) The new deaths predicted from actual new cases (red line) is shown as a green dotted line.  The fit between the predicted new deaths and the actual new deaths 
(black line) is excellent (hiding black line) except for 15-Jan. to 29-Jan. when it is low.  In that period, the number of new cases confirmed could have been 
underestimated due to difficult conditions in Hubei. 

(A) 

(B) 

(C) 
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Figure 6 compares the sigmoid curves for cases and deaths in Hubei and China Non-Hubei (see Fig. 4) .  The 
smaller number of Non-Hubei cases are scaled by a factor of 4.99 so they are the same height as Hubei cases.  
The same is done to the much smaller number of Non-Hubei deaths, which are scaled by a factor of 20.06.  
This shows that Non-Hubei cases peaked three days before those in Hubei, while Non-Hubei deaths peaked 
two days before those in Hubei.  This seems impossible but I believe it may be explained if the Non-Hubei 
cases were all infected in Hubei three days before the majority of those infected in Hubei.  This means that 
these Non-Hubei cases are from infected people who left Wuhan for the Spring Festival (Chinese New Year) 
and before the city was locked down on 23 Jan.  The lack of further infection suggests that the quarantine of 
those coming from Hubei to other parts of China prevented any further spread of infection.  This conjecture is 
still uncertain but illustrates just how much analysis of the data may reveal. 
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Figure 7 shows the number of cases and deaths outside China.  
These plots involve small numbers and are beset by high levels 
of noise.  Still, now is the time when prediction is important. 

(A) Shows both cases and deaths are increasing rapidly. 

(B) Shows that the number of new cases and new deaths per day 
are increasing together and without the lag seen in Fig. 4B & E.  
This suggests that many cases are not detected until symptoms 
are severe and patience die on the same day. 

(C) Shows the fractional changes in number of cases and deaths 
is fluctuating widely and does NOT SHOW any slowing of 
exponential growth.  It was this slowing shown in Fig. 1D & E, 
that suggested hope for situation in Hubei as early on 1-Feb. 

We note that the data outside of China comes from very different 
countries with very different health systems and facilities to test 
for cases.  This is shown by the wide range of death rates: 0.57% 
in for the 705 cases on the Diamond Princes, 0.74% for the 1766 
cases in South Korea, 1.61% for the 186 cases in Japan, 3.0% 
for the 400 cases in Italy and 15.6% for the 141 cases in Iran.  
We are investigating this now. 

(A) (B) 

(C) 
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Contrary to the prevailing world concern, the COVID-19 epidemic is almost over in China. Today’s analysis uses WHO data for the 
past 41 days to confirm trends we have shown in reports going back to 1-Feb.  We separate Hubei from non-Hubei as most cases 
and deaths have occurred in Hubei (Fig. 2).  We estimate there will be 3,200 total Hubei deaths and less than 120 non-Hubei deaths 
in China.  There will be 66,000 Hubei cases with a Hubei death rate of 4.7% (1% on Day 0 after being classified as a case; 2.4% on 
Days 8 & 9, the remaining 1% after day 14, Fig. 5).  There will be 13,000 non-Hubei cases in China with a death rate of 0.85%.  
China Non-Hubei deaths seem to occur after 10 days, very similar to the 9 day delay most common for Hubei deaths. 

As soon as it seemed possible that the epidemic was close to being over in China (Hubei and non-Hubei ), which was by far hit 
hardest with 94% of the deaths, concern was focused on the Diamond Princess cruise ship.  In many ways, this ship provides a 
worse-case test scenario.  There were 705 cases and 4 deaths for the 2,600 passengers and 1,100 crew, who were kept on a ship 
290m x 37m in size, a population density of 250,000 per square km. (37 times that of Hong Kong).  These passengers are older than 
the general population (200 were over 80 years).  The passengers were tested for COVID-19 daily using PCR (polymerase chain 
reaction), a sensitive DNA amplification method that detects minuscule levels of virus.  This led to the 19% infection rate (705/3,700), 
which shows that if we want to test the world’s population each day, we may eventually reach this level of infection.  A super-
sensitive molecular-detection method like PCR find signs of the virus on people who are neither sick nor able to infect others.  Four 
deaths, some of people older than 80, gives a death rate of 0.1% (4/3,700) in a month.  By comparison, in the USA, for people 80 
and over, the death rate is 11% per year or 0.9% per month.  This would mean 2 deaths a month amongst 200 passengers over 80.  
If there are no further COVID-19 deaths amongst the Diamond Princess passengers, it seems we need not worry about this disease 
causing widespread death worse than influenza. 

As data accumulates on Non-China cases, we turn our attention to their analysis.  This data is very noisy as expected for the early 
phase and comes from different countries.  Preliminary analysis (Fig. 7) shows no signs of slowing exponential growth of cases or 
deaths.  More work is needed and we hope that detailed analysis of the epidemic in China will help the rest of the world. 

For now, I raise questions for experts who may read this analysis. 

(1) Why do most deaths in China tend to occur after 9 or 10 days from infection (Figs. 3,4 & 5) 

(2) Why do Hubei cases have a 1% death rate on the day case is confirmed whereas Non-Hubei cases do not (Fig. 5) 

(3) Why do China Non-Hubei cases and deaths both peak three days before those in Hubei?  Is the explanation in Fig. 6 crazy? 

(4) Why do death rates in different countries differ so much (Fig. 7).  Do the high rates in Iran mean only the very ill are examined? 

(5) Did the epidemic in China slow due to stringent quarantine or rise of immunity in many of those infected but never detected as a 
case?  Can an epidemic be stopped if we use social distancing to contact with fewer people without strict quarantine? 

(6) Could certain individuals be naturally immune due to their individual antibody repertoires?  

(7) Is what happened on the Diamond Princess a good model for what a world pandemic would be (20% infection rate, 0.1% death 
rate in over 65-year olds).  A big unknown is the role of social distancing on the ship?   

“30. Analysis of COVID-2019 Data on 3/2/2020” by Michael Levitt, Stanford University, USA 
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Table 1.  Showing data for New Coronavirus 2019 or COVID-19) from 22 January to 1 March 2020.  Total number of cases and deaths is from the World Health 
Organization website https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/.  Before 13-Feb., the WHO did not give cases and 
deaths in Hubei so we use data from https://jobtube.cn/wv/?from=groupmessage&isappinstalled=0.  Starting on 17-Feb., the WHO includes cases clinically 
diagnosed in addition to those laboratory diagnosed.  As no date is given for these cases, we assume that the clinical cases are a fixed percentage of the laboratory 
cases (46.2%) to get the revised total Hubei cases reported by the WHO on 17-Feb.(58,182).  For continuity between old and new data we list Hubei cases as 
‘Hubei-L’ for laboratory diagnosed and ‘Hubei-LC’ for laboratory and clinically diagnosed.  We divide data into Hubei and non-Hubei as most deaths are in an area 
centered on Wuhan in Hubei (Fig. 2).  The death rate is the number of deaths divided by the number of cases confirmed, and Ratio Hubei/Others is the ratio of the 
death rate for Hubei to the death rate for non-Hubei.  The fraction change is Value_Today divided by Value_Yesterday.  We give the number of new cases and new 
deaths in Hubei each day (subtracting yesterday from today).  We replace the seemingly incorrect WHO value for Hubei deaths on 13-Feb. (1,316) with the average 
of 12 and 14 Feb. values (1,194) to avoid having 245 new deaths on 13-Feb. but just 2 new deaths on 14-Feb (pink shading).  As cases outside China have grown, 
we add the number of Non-China deaths and cases form the WHO data. 
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Figure 1. Variation of COVID-19 data against days since 29 Nov 2019 (guessed date of the first case).  Data is taken from Table 1.  

(A) shows a slowing increase in number of cases everywhere.  (B) confirms that almost all the deaths are in Hubei.  (C) shows that the Hubei death rate initially 
decreased from 2.5% on 27-Jan. to 1.9% on 7-Feb. only to rise to 4.0% today.  Such a rise of the Hubei death rate in (C) makes no sense as the virus is not 
becoming more virulent.  This discrepancy arises because all deaths do not occur on the same day a case is diagnosed.  A proper death rate distribution gives 
a real Hubei death rate of 4.7% (Fig. 5).  (D) and (E) show that the fractional change in total cases or deaths (Value_Today / Value_Yesterday) is decreasing 
steadily.  In (D) & (E) we add linear trend-lines using data from 1/29/2020.  The fractional change for cases and deaths is an excellent fit to a straight line.  In 
(E) we also show a red short-dashed line of the linear fit to the four data points for 31-Dec to 02-Feb; this trend was seen in the first draft of this analysis dated 
2/2/20, giving rise to the hope I expressed that the growth of deaths would slow soon. 

3/23 94



 

4 

 
 
 
 
  

Figure 2.  Map of Hubei circling in 
purple cities with a death rate of ≥ 3%, 
in red cities with a death rate of ≥ 1% 
and in green other cities for which there 
is data in Table 2.  Most deaths are 
localized to a 90 km x 35 km area 
centered near Tianmen and high death 
rates occur in four cities: Wuhan, 
Jingmen, Qianjiang and Xiantao (See 
Table 2).  Two cities,  in the same area 
have low death rates, comparable to 
those elsewhere in China and the rest 
of the world (data from jobtube.cn from 
31-Jan. to 16-Feb.).  The red dot marks 
the Wuhan South China Seafood 
Market thought to be the source of this 
coronavirus. 

Table 2.  Number of cases, number of deaths, death rates and fractional changes in death numbers (death ratio) shown for 17 Hubei cities from 31 Jan to 16 
Feb.  City data is sorted by decreasing number of deaths.  We distinguish death rates ≥ 3% (scarlet), ≥ 1% (rose) & < 1 % (green).  The deaths per million 
population is much higher in Wuhan than any other city at almost 120 per million (0.012%).  The number of cases (clinically plus laboratory diagnosed) is 
0.37% of the Wuhan population of 11 million.  On 31-Jan. there were 8 of 17 cities with death rates less than 1%; by 16-Feb., there were only 2 of 17. 
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Figure 3.  Time variation of number of new cases and new deaths in China, separated into Hubei and elsewhere in mainland China (Non-Hubei). 

(A). Showing the number of new Hubei cases per day (red line) and the number of new Hubei deaths per day (black line).  For new deaths, the WHO data values 
fluctuated wildly on 13 and 14 Feb. as shown by the black dotted line.  For this reason, the numbers of new deaths of 245 on 13-Feb. and 2 on 14-Feb. (Table 1) 
are averaged to give 124 new deaths on each day, correcting what may have been a typo in the value for 13-Feb. (black dashed line). 

(B)  The same data is smoothed by averaging over a three-day window so that, for example, the value plotted on day 69 is the average of the values on days 68, 
69 & 70.  These smoothed curves clearly show that the number of new Hubei cases per day peaked on Day 69 (6-Feb) and that the number of new Hubei deaths 
per day peaked on Day 78 (15-Feb.), which is 9 days later.  For sigmoid growth like that shown in Fig. 4, the number of new cases or deaths reaches a maximum 
midway through the curve.  This predicts the total number of Hubei cases will reach 60,000 (laboratory plus clinically diagnosed cases), approximately twice 
28,208, the number of such cases on 6-Feb.  This also predicts total number of Hubei deaths will reach 2,914, twice 1,457, the number of Hubei deaths on 15-Feb.  
Better analysis in Fig. 4 gives asymptotic values of 65,834 and 3,150 for number of Hubei cases and deaths, respectively. 

(C)  Showing the variation with time of the smoothed number of new Non-Hubei cases in China per day (red line).  Although smoothed by averaging over a window 
of five values, this data remains noisy.  Nevertheless, it does indicate that a peak in the number of new Non-Hubei cases in China occurred on day 67 or 68 (4-Feb. 
or 5-Feb.) allowing the maximum total number of Non-Hubei cases to be estimated as twice 7,037 or 7,745, the values on 4-Feb. or 5-Feb, for a value of between 
14,000 and 16,000.  The same argument estimates the total number of non-Hubei deaths to reach a 160.  Again, Fig. 4 gives better asymptotic values of 13,075 
and 109 for the total number of Non-Hubei cases and deaths, respectively. 

(A) (B) (C) 
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Figure 4.  Fit of a sigmoid function to the total number of COVID-19 cases and deaths in Hubei.  (A) The best fit (black line) to the actual deaths (black dots).  
The fit is obtained using Excel Solver to find parameters A, B & C in f(x) = A/(1+exp(-(x-B)/C)) that minimize the weighted RMS difference of calculated and actual 
number (weight=sqrt(number deaths).  We calculate ratio of value today to those yesterday (T/Y, black dashed line) and compare with the actual data (orange 
dashed line and circles on secondary axis).  The fit is excellent and the calculated ratio decreases approximately linearly towards a value of 1.0 as assumed in Fig. 
2 (E).  =A/(1+EXP(-(x-B)/C)) 

(B) Sigmoid fits to both the number of cases and number of deaths in Hubei.  The final total number of Hubei cases will be close to 66,000, while the current 
estimate for total number of deaths will be close to 3,200.  This will mean an overall Hubei death rate of almost 5% (3,200/66,000=4.8%). 

(C) By subtracting values for yesterday from today, the sigmoid function fitted to the actual number of new Hubei cases or deaths shown in Fig. 4B, gives the 
number of new Hubei cases or new Hubei deaths (solid red and black lines, respectively).  These curves are a good fit to the actual number of new Hubei cases or 
deaths (red and black transparent circles joined by dashed read and black lines, respectively), although the real data is noisy with large fluctuations.  The smooth 
new cases curve (solid red line) peaks at Day 70.4 and the smooth new deaths curve (solid black line peaks at Day 78.6). 

Corresponding plots for cases and deaths in China but Non-Hubei is plotted in panels (D), (E) & (F).  The Non-Hubei death rate is almost 1% (109/13075=0.83%), 
which is about 5 times lower than that in Hubei. 

The A, B & C parameters for sigmoid curves are 66128, 70.6 & 4.52 for Hubei cases; 3069, 78.7 & 6.13 for Hubei deaths; 13081, 67.0 & 4.42 for Non-Hubei cases; 
and 112, 76.14 & 4.6 for Non-Hubei deaths. 

(A) (B) (C) 

(D) (E) (F) 
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Figure 5.  Relating new cases to new deaths via a death rate distribution, 
which gives the fraction of cases that die i days after a case is confirmed.   

If Pi is fraction of cases that die after i = days, the number of new deaths on 
day n, Dn, is the sum of deaths from the new cases, Cn-i, on previous days, 
where  Dn = Cn*P0 + Cn-1*P1 + Cn-2*P2 +…+ Cn-29*P2 .  The total death rate is ΣPi . 

Excel Solver is used to determine values for the Pn unknowns in two ways: 
(1) 30 parameters, one for each Pn value. 
(2) 3 parameter Gaussian Pn = P*exp(-((n-Q)/R)

2
), a with parameters P, Q & R. 

The distributions are smoothed with an entropy penalty of -WΣPnln(Pnn) added 
to the weighted least squares fit of predicted and actual number of new deaths. 

(A). The death rate distribution that best fits predicted deaths to actual deaths 
in Hubei has 4 peaks with a death rate of 1.1% on day 0, the day a case is 
confirmed, of 2.4% summed over days 9 & 10 and about 1% over later days.  
Smoother fits found by increasing the entropy weight W are more realistic but 
fit slightly less well.  The total death rate in all cases is 4.7%. 

(B) A death rate distributions allows China Non-Hubei new deaths to be 
predicted from China Non-Hubei new cases.  Single Gaussian fits broadened 
by added entropy all peak on Day 10.  The total death rate in all cases is 
0.85%.  For both Hubei and Non-Hubei, the death rate is higher than in Fig. 1C. 

(C) The new deaths predicted from actual new cases (red line) is shown as a green dotted line.  The fit between the predicted new deaths and the actual new deaths 
(black line) is excellent (hiding black line) except for 15-Jan. to 29-Jan. when it is low.  In that period, the number of new cases confirmed could have been 
underestimated due to difficult conditions in Hubei. 

(A) 

(B) 

(C) 
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Figure 6 compares the sigmoid curves for cases and deaths in Hubei and China Non-Hubei (see Fig. 4) .  The 
smaller number of Non-Hubei cases are scaled by a factor of 4.99 so they are the same height as Hubei cases.  
The same is done to the much smaller number of Non-Hubei deaths, which are scaled by a factor of 20.06.  
This shows that Non-Hubei cases peaked three days before those in Hubei, while Non-Hubei deaths peaked 
two days before those in Hubei.  This seems impossible but I believe it may be explained if the Non-Hubei 
cases were all infected in Hubei three days before the majority of those infected in Hubei.  This means that 
these Non-Hubei cases are from infected people who left Wuhan for the Spring Festival (Chinese New Year) 
and before the city was locked down on 23 Jan.  The lack of further infection suggests that the quarantine of 
those coming from Hubei to other parts of China prevented any further spread of infection.  This conjecture is 
still uncertain but illustrates just how much analysis of the data may reveal. 
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Figure 7 shows the number of cases and deaths outside China.  
These plots involve small numbers and are beset by high levels of 
noise.  Still, now is the time when prediction is important. 

(A) Shows both cases and deaths are increasing rapidly. 

(B) Shows that the number of new cases and new deaths per day are 
increasing together and without the lag seen in Fig. 4B & E.  This 
suggests that many cases are not detected until symptoms are severe 
and patience die on the same day. 

(C) Shows the fractional changes in number of cases and deaths is 
fluctuating widely and does NOT SHOW any slowing of exponential 
growth.  It was this slowing shown in Fig. 1D & E, that suggested hope 
for situation in Hubei as early on 1-Feb. 

We note that the data outside of China comes from very different 
countries with very different health systems and facilities to test for 
cases.  This is shown by the wide range of death rates: 0.48% for the 
3,736 cases in South Korea, 0.85% for the 705 cases on the Diamond 
Princess, 2.09% for the 239 cases in Japan, 2.57% for the 1,128 cases 
in Italy and 7.25% for the 593 cases in Iran.  At present, the number of 
cases outside China is still too small to allow any prediction. 

(A) (B) 

(C) 
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