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Abstract  21 

Objective: 22 

China’s COVID-19 statistics fall outside of recognized and accepted medical norms. Here we 23 

estimated the incidence, death and starting time of the COVID-19 outbreak in Wuhan and China 24 

based on cremation related information.   25 

Methods:  26 

Data sources included literature on COVID-19 in China, official Chinese government figures, 27 

and media reports.  A range of estimates is presented by an exponential growth rate model.   28 

Results: 29 

For the cumulative infections and total deaths, under different assumptions of case fatality rates 30 

(from 2.5% to 10%) and doubling time 6.4 days, the estimates projected on February 7, 2020 in 31 

Wuhan range from 305,000 to 1,272,000 for infections and from 6,811 to 7,223 for deaths - on 32 

the order of at least 10 times the official figures (13,603 and 545). The implied starting time of 33 

the outbreak is October 2019.  The estimates of cumulative deaths, based on both funeral urns 34 

distribution and continuous full capacity operation of cremation services up to March 23, 2020, 35 

give results around 36,000, more than 10 times of the official death toll of 2,524.   36 

Conclusions: 37 

Our study indicates a potential significant under- and delayed reporting in Chinese official data 38 

on the COVID-19 epidemic in Wuhan in early February, 2020.  39 
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INTRODUCTION 53 

The spread of the coronavirus (COVID-19) has evolved into a global public health crisis 54 

affecting all aspects of individual, societal and economic activity.  On December 31, 2019, the 55 

Wuhan City Health Commission announced that recent cases of pneumonia of unknown etiology 56 

seen in some hospitals were related to the Wet Market and 27 cases were found by the time. This 57 
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official announcement conflicted with at least two official numbers and one media report which 58 

were 45, 104 and 266 cases [1-3]. Reports from the official Chinese state-run media on February 59 

2, 2020 showing large numbers of possible coronavirus victims who were not treated within the 60 

medical establishment and hence may have fallen outside of government statistics, have led 61 

many to believe there may be serious gaps in our understanding of the outbreak based on what 62 

can be determined from this official government data [4].   63 

As the epicenter of the COVID-19 initial outbreak, the epidemiological information from 64 

Wuhan affects the response and preparation of other parts of China and rest of the world. It is 65 

therefore important to attempt to accurately assess the actual number of cases and gain some 66 

insights from this deduction to the time of the first cases.  67 

The purpose of this report is to investigate the epidemiological information of the early 68 

phase of the COVID-19 outbreak in Wuhan, after lockdown on January 23, 2019, based on 69 

official Chinese government figures, published literature and media reports, focusing on 70 

cremation related data. Our definition and estimate of COVID-19 related death is death that is 71 

outside the normal range of cremation since cremation is the usual way of handling body in cities 72 

in China.  The estimates of incidence and deaths are higher by a magnitude of at least 10 times 73 

the official figures. Our estimates are further supported by others who were also investigating the 74 

situation and recent updates of funeral urn distribution in Wuhan. The potential impact of this 75 

discrepancy is critical for both the medical projection of needs and for policy decisions relating 76 

to public health.   77 

 78 
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METHODS  79 

Data Sources 80 

The official Chinese government figures include national and local Wuhan data [5] and 81 

state-run media reports.  Since there is no medical literature on “COVID-19, cremation” in 82 

China, we searched on the internet for media reports in Chinese by “新型冠状肺炎” (novel 83 

coronavirus pneumonia) and “Wuhan” on the operation of crematory facilities in Wuhan as 84 

widely reported by established news organizations both inside and outside of China [6-12].  85 

Cremation Data 86 

Daily cremation due to the COVID-19 outbreak is defined and estimated by total number 87 

of estimated cremations in the time period of this study minus pre-outbreak average daily 88 

cremations.  89 

Detailed information on crematory facility and operation is listed in Appendix 1, but also 90 

summarized in Table 1 [6,7]. Briefly, there are eight crematories in Wuhan, which under normal 91 

circumstances would operate about 4 hours per day.  Before the outbreak, cremation mainly 92 

happened in the morning, according to Chinese rituals.  Starting on or before January 25, 2020, 93 

these were observed to be operating at or close to around-the-clock or 24 hours daily [6-12]. This 94 

would put the current operating rate at about six times normal.  Normal deaths per day can be  95 
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Table 1. Crematory Facilities and Operation in Wuhan, China 96 

  Before lockdown on January 23, 

2020 

From January 25 to February 19, 

2020 

After February 19, 2020 

Crematory facilities  86 cremation furnaces*  86 cremation furnaces* 86 cremation furnaces* 

40 mobile crematory stations  

Crematory 

operation 

Four hours per day 24 hours per day 24 hours per day 

Crematory capacity Approximately 136 per day 816 per day (full capacity)  

2,064 (maximum capacity) ** 

2,064 and 200 tons per day (5 tons “medical 

waste” including “animal bodies” per mobile 

crematory station, total capacity 5x40 = 200 

tons) 

 97 

* The furnace information is for seven funeral houses, Hankou, Wuchang, Qingshan, Caidian District, JiangXia Distric, Huangpi District, Xinzhou 98 

District. Muslim Funeral House is not included in the table above, since the information there is scarce. 99 

** The maximum capacity is calculated for the seven funeral houses, assuming non-stop cremation, and simplified procedure, since no farewell 100 

ceremony was allowed during lockdown period.   101 

 102 

 103 

 104 

 105 
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estimated as 136 based on an annual mortality rate of 0.00551 in a population of approximately 9 106 

million (Wuhan government data) [13]. With the regular procedure, the additional 20 hours of 107 

daily operation imply additional deaths of 5 (20/4) x 136 = 680 per day above normal, if the 108 

services are utilized with full capacity. However, it was estimated that the maximal capacity of 109 

cremation could be up to 2,100 bodies per day (see appendix 1). 110 

This estimate was supported by media reports of support of additional crematory staff 111 

from other cities and provinces being brought into Wuhan [14,15]. Since February 19, 40 mobile 112 

crematory stations were also sent to Wuhan for the increasing need of cremation capacity 113 

[16,17].  114 

Estimation 115 

We used an exponential model to estimate the cumulative infections and deaths in 116 

Wuhan.  117 

Assumptions 118 

I.  The median time of the incubation period for COVID-19 is 4.5 days from exposure to 119 

symptom onset [18]. The median time from the symptom onset to death is 14 days [19]. 120 

Assuming it takes half a day from death to cremation, this implies that most of the deaths which 121 

happened on and before February 11, 2020 were not impacted by any countermeasures in effect. 122 

II. In this study, different assumptions of epidemic doubling time were applied.  Wu et al. 123 

statistically inferred case counts in Wuhan by internationally exported cases as of January 25 and 124 

estimated doubling time as 6.4 days with 95% confidence interval (5.8, 7.1) [20].  Rodriguez et 125 

al. analyzed Chinese official daily cumulative cases from January 20 to February 9, 2020, and 126 
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derived the doubling time for each province ranging from 1.42 to 3.05 days, with Hubei (where 127 

Wuhan is located) as 2.54 with confidence interval (2.44, 2.64), based on an exponential model.  128 

With no countermeasure in effect, we assumed doubling time was also 2.54 days before January 129 

20 in this scenario [21]. 130 

III. Outcomes are either survival with probability (1 − �) where d is the case fatality rate; or 131 

death after 14 days with probability d.   132 

IV. To extrapolate from the Wuhan cremation data to the total number of infected cases, 133 

alternative assumptions of 2.5%, 5%, and 10% were utilized for the case fatality rate. 134 

V. Though media reported that Wuhan cremation service operated around the clock since 135 

January 25, 2020 [6-12], we assumed no full capacity was utilized until two weeks later, on 136 

February 7, 2020.  This assumption will be further discussed below.  137 

The Model  138 

Estimates of the total cases were calculated from an exponential growth model.  At time 139 

t, where t is the number of days since the occurrence of the initial case, the quantities of interest 140 

are N(t), the cumulative number of cases,  n(t), the daily cases, D(t), the cumulative number of 141 

deaths, d(t), the daily deaths, and the case fatality rate d.  �(�) = ����� − 1�+ 1, so that �(0) =142 

1, where c is a constant and the parameter λ is set to match the reported doubling time.  �(�) ≅143 �1 − ���� �(�) and �(�) ≅ � ����.� ��(�).  Matching the cumulative totals N(t) to the model 144 

where each existing case infects R0 (the basic reproductive number) new cases on average after s 145 

days (the serial interval) gives c = R0/(R0 – 1).  Wu et al. estimates 2.7 for R0 [20]. Exponential 146 

growth model was not applied for projections of N(t) for Wuhan beyond the date February 7, 147 
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2020, due to the declining number of susceptible individuals and plausible effectiveness of city 148 

lockdown.   149 

The projections of N(t) for Wuhan using doubling time 2.54 days approach half million 150 

on 44th day, that the exponential growth model is unreliable.  From the 45th day, we take into 151 

account the declining number of susceptible individuals, and the model was modified (as in the 152 

SIR simulation model) so that the relationship �(�) = ���(� − 1) becomes �(�) =153 

�� �1 − �(���)� ��� �(� − 1) where P is the population size of Wuhan after lock down.   154 

The 95% confidence intervals presented in Table 2 are based on the confidence interval 155 

for the doubling rate as presented. Confidence intervals for the estimated starting dates are not 156 

provided because they depend on estimates of both λ and �� and also on the randomness in the 157 

transmission of the infection in its very early stages.  158 

RESULTS  159 

Wuhan lockdown started on January 23, 2020. This study chose February 7 (two weeks 160 

after the announcement of 24-hour-operation of cremation services), and February 12 (20 days 161 

after lockdown) as the projected evaluation days. Retrospectively, February 12 was the day when 162 

party leadership changes were undertaken in Wuhan and Hubei Province [22]. 163 

I. Chinese official data for Wuhan and China 164 

The Chinese government’s official COVID-19 cumulative confirmed diagnoses and 165 

deaths data, from late January up to mid-February, and selected representative dates later, are 166 

recorded in Table 2 for Wuhan and the whole of China [23]. Daily ratios of confirmed diagnosis  167 
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Table 2. Official COVID-19 Epidemic Data in Wuhan and China from January 23 to April 17, 2020 168 

Date Cumulative 

confirmed infections 

in Wuhan 

Cumulative 

deaths in 

Wuhan 

Fatality 

rate in 

Wuhan 

Cumulative 

confirmed 

infections in China 

Cumulative 

deaths in 

China 

Fatality 

rate in 

China 

Confirmed 

cases W/C 

Deaths W/C 

23-Jan 

(lockdown) 

495        

25-Jan 618        

4-Feb 8351 362 4.33% 24324 490 2.01% 34.3% 73.9% 

5-Feb 10117 417 4.12% 28018 563 2.01% 36.1% 74.1% 

6-Feb 11618 478 4.11% 31161 636 2.04% 37.3% 75.2% 

7-Feb 13603 545 4.01% 34546 722 2.09% 39.4% 75.5% 

8-Feb 14982 608 4.00% 37198 811 2.18% 40.3% 75.0% 

9-Feb 16902 681 4.03% 40171 908 2.26% 42.1% 75.0% 

10-Feb 18454 748 4.05% 42638 1016 2.38% 43.3% 73.6% 

11-Feb 19558 820 4.19% 44653 1113 2.49% 43.8% 73.7% 

12-Feb 32994 1036 3.14% 59804 1367 2.29% 55.2% 75.8% 

13-Feb 35991 1016 2.82% 63851 1380 2.16% 56.4% 73.6% 

23-March 50006 2524 5.05% 81171 3277 4.04% 61.6% 77.0% 

11-April 50008 2577 5.15% 82052 3339 4.07% 60.9% 77.2% 

17-April 50,333 3,859 7.69% 82,692 4,632 5.60% 60.9% 83.3% 

169 
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and death between Wuhan and China as whole were calculated and listed in Table 2. While the 170 

increase was relatively stable throughout the early period shown, there was a marked addition of 171 

confirmed cases on February 12, 2020, with 13,436  new cases reported in Wuhan and a total of 172 

15,151 (including Wuhan’s data) of new cases in all of China, amounting to cumulative 173 

confirmed diagnoses of 32,994 cases in Wuhan and 59,804 cases in China as a whole, and 1,036 174 

cases of cumulative deaths in Wuhan and 1,367 deaths in China. On February 12, 2020, Wuhan’s 175 

cases represented 55.2% and 75.8% of China’s cases of cumulative confirmed diagnoses and 176 

deaths, respectively. The case fatality rate due to COVID-19 ranged from 3 to 4% in Wuhan 177 

during this period, and ultimately 5% by April 11, 2020 (Table 1). 178 

On April 17, Wuhan City announced an adjustment of its death toll by additional 1,290, 179 

and of confirmed diagnosis by 325 cases, making a total of confirmed diagnosis of 50,333 cases, 180 

deaths of 3,869 cases, and crude case fatality rate of 7.69% [24,25]. 181 

II. Estimates of COVID-19 related deaths and cumulative infections in Wuhan 182 

(a) Simple linear calculation  183 

As a benchmark comparison, we have provided simple linear calculations with constant daily 184 

deaths. We assume that cremation service did not reached 100% utilization until February 7, and 185 

the utilization was 80% between January 25 to February 6, 2020.  The results of these estimates 186 

are listed in Table 3. Cumulative deaths are 9,384, for the nineteen days (January 25 to February 187 

12, 2020) only. Based on the official crude case fatality rate of 3.14% (February 12, 2020, Table 188 

1), the estimated cumulative infection was 298,854 within nineteen days (Table 3). 189 

 190 

 191 
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Table 3. Estimates of COVID-19 Outbreak in Wuhan, China for Feb 7 and Feb 12, 2020  192 

Date Methodology 
Doubling 

Time 

Daily 

Deaths 
Cumulative Deaths Fatality Rate Daily Cases Total Cases 

Implied Starting 

Date 

7-Feb 
Exponential Model 6.4 

680 
6,946 2.50% 130,600 1,272,400 

4-Oct-19 
95% confidence interval (5.8, 7.1) (6,486, 7,529) (assumed) (111,900, 153,590) (1,091,200, 1,363,500) 

7-Feb 
Exponential Model 6.4 

680 
7,223 5.00% 66,810 650,900 

11-Oct-19 
95% confidence interval (5.8, 7.1) (6,348, 7,596) (assumed) (55,650, 74,980)  (598,300, 665,700) 

7-Feb 
Exponential Model 6.4 

680 
6,811 10.00% 31,300 305,000 

17-Oct-19 
95% confidence interval (5.8, 7.1) (6,215, 7,663) (assumed) (28,100, 36,610) (302,100, 325,000) 

7-Feb 
Exponential Model* 2.54 

680 
3,097 

3.14% 
257,000 2,230,500 

14-Dec-19 
95% confidence interval (2.44, 2.64) (2,812, 3,394) (241,000 274,300) (2,121,900, 2,375,000) 

7-Feb Chinese official 2.54** 67 545 3.14% 1,985 13,603 NA 

12-Feb Chinese official NA 216 1,036 3.14% 13,436 32,994 NA 

12-Feb Linear Calculation** NA 680 
408 x 13+680 x 6 

3.14% 21,656 298,854 NA 

= 9,384 

 193 

* From the 45th day, the model was modified so that �(�) = �� �1 − �(���)� ��� �(� − 1), where P is the population after lock down. 194 

** The doubling time was derived by Rodriguez et al. using Chinese official data. 195 

*** In the linear calculation methodology, we assumed constant daily death from Jan 25-Feb 12, and the total confirmed cases were 196 

only calculated to reflect the accumulated cases within 19 days. 197 

 198 

 199 

 200 
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(b) Exponential growth model 201 

 Based on the cremation data inference that COVID-19 related deaths reached 680 on 202 

February 7, 2020, estimation of infection on February 7 is calculated.  With 6.4 day doubling rate 203 

[20], and under assumption of the crude fatality rates of 2.5%, 5%, and 10%, cumulative 204 

infections in Wuhan are 1,272,400, 650,900 and 305,000 respectively.  Cumulative deaths are 205 

6,946, 7,223 and 6,811 respectively.  The implied start dates for the outbreak are October 4, 206 

2019, October 11, 2019 and October 17, 2019, respectively. 207 

Estimates based of a 2.54 day doubling rate are also presented with estimated confidence 208 

intervals in Table 3.  Since this doubling time was derived using Chinese official data, we 209 

applied the official 3.14% fatality rate in the calculation.   The total cases are projected to be 2.23 210 

million with 95% confidence interval (2.12 million, 2.38 million) on February 7, 2020.   211 

(c) Estimates based on funeral urn distribution 212 

No one was allowed to pick up urns during the lockdown. Beginning on March 23, 213 

Wuhan residents were allowed to collect crematory urns, with the target date as April 4 to 214 

complete the distribution of the backlog. Estimates based urn collection are listed in Table 4.  215 

III. Estimate of COVID related deaths and cumulative infections in all of China 216 

 If we use the Wuhan/China ratio based on China’s official data listed in Table 1 217 

(confirmed cases 39.4%), we can extrapolate estimates for China, with cumulative infections 218 

potentially reaching 5.67 million on February 7, 2020.   219 

 220 
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Table 4. Estimate of COVID-19 Related Deaths in Wuhan, China up to March 23, 2020 221 

Date Methodology 
Announced or Estimated 

Accumulated Death 
Note 

Announced or Implied 

Infections*** 

23-Mar 
Chinese official 

announcement  

2,524   50,006 

23-Mar Funeral Urn distribution* 

35,708 45,500 = 7 x 500 x 13 (3/23 – 4/4) 

707,089 

= 45,500 - 9,792  9,792= 136 x 72 (1/23 – 4/4) 

23-Mar 
Assumed constant daily** 

death 

36,720 

80% cremation utilization from Jan 23 to Feb 6; 

727,128 

100% cremation utilization from Feb 7 to Mar 22 

 222 

* This information only includes seven crematories. There are eight in Wuhan (see appendix 1). 223 

** This does not include potential cremations performed in the 40 mobile crematory stations set up in Wuhan after February 19, 2020.  224 

*** Based on officially announced Wuhan fatality rate 5.05% on March 23, 2020 225 

 226 

 227 

 228 

 229 
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DISCUSSION 230 

The escalating intervention leading to the unprecedented sudden lockdown of Wuhan and 231 

the published medical literature by Chinese researchers and scientists suggest a discrepancy from 232 

the officially announced figures of the outbreak. As the epicenter of the COVID-19 outbreak, the 233 

necessary epidemiological information about Wuhan was not made available n for the world to 234 

initiate plans for a response and to prepare for the potential crisis that is now upon us.   235 

Challenges for getting needed information in China 236 

A major challenge to an effective response existed in the lack of transparency in reporting 237 

by China. With media reports providing fragmented information with no well-defined focus, 238 

academic publications subject to selection bias, and possibly less than forthright government 239 

data, many challenges have arisen in formulating a data driven approach to this world-wide 240 

problem [26]. The current study used cremation-related information to estimate epidemiological 241 

information including cumulative infections and deaths.  242 

Strength and limitations 243 

The strength of this approach is that cremation is a common data end point. We applied 244 

an exponential growth model during a window period from lockdown until the intervention 245 

started to show effects. Note that the approach of the simple exponential growth model is valid 246 

under the assumption that countermeasures to slow the spread of the epidemic were ineffective 247 

up to the date included.  While people claimed that the lockdown in Wuhan combined with the 248 

national emergency response have averted 96% of the cases by February 19, 2020 [27], it should 249 

be considered that in the initial period after Wuhan lock down, the effectiveness of 250 
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countermeasures taken there could be impacted by many factors, including the lack of public 251 

awareness, the cross infection at hospitals, the limitation of the medical capacity, the inadequacy 252 

of the quarantine facility and space, and the family cluster chain-infections.. However, this is 253 

beyond the scope of this manuscript.   254 

A potential weakness of this study is that there is no cremation information in medical 255 

literature. All cremation related information came from media reports. To reduce bias, we used 256 

media reports from both within China and outside China [6-12].   We also compared our 257 

cremation-based estimate to historical data. Since the time period of our study mainly fell into 258 

the first quarter of 2020, we obtained the number of cremation during the first quarter of 2018 259 

and 2019 from Wuhan government websites [28, 29] which are 14,833 and 14,700, respectively. 260 

They are similar to each other and suggest a relatively consistent number of cremations in 261 

normal years. Daily cremation could be calculated as approximately 163 to 165.  262 

Cumulative infections and deaths from cremation-based analysis  263 

Based on data from the seven of eight Wuhan crematories, our conservative estimates of 264 

cumulative infections on February 7 are more than 10 times than those of the official data. 265 

Chinese media raised concerns about infections and deaths beyond the official statistics; 266 

for example, when the director of a fever clinic complained that he could admit only five out of 267 

80 potentially infected patients, which suggested a potential 16-fold difference between possible 268 

infected patients and confirmed diagnoses in Wuhan [4]. The report mentioned the limited 269 

nucleic acid-based testing, which was available only after the sequencing data was announced on 270 

January 11, 2020. This information also pointed to the limited and exhausted medical facility 271 
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capacity in Wuhan in late January and early February 2020. In Table 5, we list representative 272 

medical facilities in Wuhan and additional support from rest of China. Note that Wuhan was 273 

reported to have approximately 95,000 beds by the end of 2018 [30]. Wuhan designated 100,000 274 

beds for COVID patients by February 20 [31]. This ratio of bed numbers to official confirmed 275 

cumulative diagnoses 47,741 as of February 25, 2020 presents a discrepancy which cannot be 276 

explained by other causes. Similarly, as of Mar 8, Wuhan had 178,900 health care professionals, 277 

and 16,900 ventilators provided to Wuhan, to care for the officially recognized 50,000 278 

(cumulative) patients by that time, is also inexplicable, unless most of the infected were admitted 279 

to ICU around the same time [25]. 280 

Comparison with other work 281 

Some researchers have inferred the percentage of undocumented infections, concluding 282 

that approximately 86% of all infections were apparently undocumented and that these were the 283 

source of infection for 79% of documented cases [32]. Scissors, examining out-migrants, has also 284 

pointed out that China’s COVID-19 figures are arithmetically impossible [33]. Tsang et. al. 285 

estimated that by Feb 20, 2020, there would have been 232,000 (95% CrI (161,000-359,000)) 286 

confirmed cases in China as opposed to only 55,508 reported cases [34]. By using high-287 

resolution domestic travel and infection data, Sanche S et al projected the infected population 288 

would be around 233,400 (95% CI 38,757–778,278) by the end of January [35].  289 

Serological testing provides a powerful tool for retrospective study of infection rate and 290 

infection. To and colleagues reported 17 positive serological testing results among 452 Hong 291 

Kong residents returning from Hubei Province (Where Wuhan is part of it) [36], suggesting an 292 

infection rate of 3.8%, estimating an infected population of 1.96 million in Hubei, 31 times more  293 
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Table 5. Medical Resources Available in Wuhan after Lockdown (January 23, 2020)  294 

Item Wuhan local 

existing1 

Local addition or Support 

from other places in China 

Total Official cumulative cases 

Hospital beds 95,2772 

Local goal for “bed reserve” 

50,000 by Feb-10, 2020 

80,000 by Feb-15,2020 

100,000 by Feb-20,2020 

By Feb-25,2020 including 

24,3873 from Designated 

Hospitals, additional 86,000 bed 

reserve from remodeling 

47,741 on Feb 25, 2020 

 

Health care 

professional 

136,300  

(including 39,600 

licensed doctors and 

54,400 registered 

nurses) 

 

42,600  

from January 24 to March 8, 2020 
178,900 49,948 on Mar 8, 2020 

Ventilator Not found 
By March 3, 2020 

16,900 delivered to Wuhan4 
Estimated as 20,000 49,540 on Mar 3, 2020 

Note 1: Wuhan health resources has been increasing annually, the above statistics was based on the data at the end of 2018, from Wuhan Health 295 

Commission 2018 Annual Report, published on May 28, 2020.   http://wjw.wuhan.gov.cn/zwgk_28/tjsj/202005/P020200528783977258205.pdf, 296 

last accessed on 6/12/2020.   297 

Note 2: on Jan 22, 2020, seven hospitals were designated for COVID patients.  By Feb 25, 2020, 55 hospitals became COVID designated. 298 

Note 3: http://www.bjnews.com.cn/inside/2020/03/09/701141.html Last accessed on 6/11/2020 299 

Note 4: http://www.gov.cn/fuwu/2020-03/04/content_5486929.htm.  Last accessed on 6/11/2020, including 2,900 invasive ventilator and 140,000 300 

non-invasive ventilators 301 

 302 

 303 

 304 

 305 

http://wjw.wuhan.gov.cn/zwgk_28/tjsj/202005/P020200528783977258205.pdf
http://www.bjnews.com.cn/inside/2020/03/09/701141.html
http://www.gov.cn/fuwu/2020-03/04/content_5486929.htm
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than the official number. He and associates reported a 6.9% seropositivity in Wuhan population, 306 

suggesting an infection of more than 1.3 million [37], far more than the Chinese official number 307 

of around fifty thousand.  308 

These studies raise similar concerns about the underreporting of Chinese COVID-19 309 

cases and largely confirm our estimates based on cremation operation.  310 

Correlation our estimates with funeral urn distribution  311 

Since a major data source is the number of cremations in Wuhan, our estimates have been 312 

further verified by the subsequent information of the funeral urn distribution. In late March, 313 

Newsweek reported that roughly 5,000 urns were shipped to one of the eight Wuhan cremation 314 

facilities.  The number of urns that arrived in that one facility was already about twice of the 315 

city's official overall death from COVID-19 toll [38]. Potential COVID-19 related death counts 316 

from urn distribution for Wuhan could be 35,708 for seven funeral houses (Table 3). This is 317 

consistent with our linear estimate of 36,720, based on the cremation service operation.  Both 318 

estimates are more than ten times of the official death toll (2,524 on March 23). Additionally, 319 

neither took into account those potentially processed in the 40 mobile crematories which were 320 

brought to Wuhan after February 19, 2020 for the newly constructed hospitals (Huoshen Shan 321 

and Leishen Shan) and “Fangchang” hospitals [16,17]. The mobile crematory stations can each 322 

process up to five tons of “medical waste” including “animal dead bodies” per day.  Thus, the 323 

calculations here could be significant under-estimates.  324 

 325 

 326 



 

20 

 

Potential stating time for COVID-19 outbreak in Wuhan 327 

As reported by Huang C et al., symptom onset of the first confirmed case was December 328 

1, 2019 [39]. Under the assumption of 6.4 doubling time, the start dates implied by this study 329 

range from October 4, 2019 to October 17, 2019. The estimated “implied start dates” are 330 

consistent with other reports where Kristian Andersen suggested a possible “start date” of 331 

October 1, 2019 based viral genome analysis [40]. Under the assumption of 2.54 doubling time, 332 

the implied start date is December 14, 2019.  However, in this scenario the infection cases were 333 

projected to total 2.23 million by February 7, 2020.  If the doubling time 2.54 is close to the 334 

truth, then China’s official data under reported by millions.  If the doubling time 6.4 is close to 335 

the truth, there was significant under- and delayed reporting of the COVID-19 epidemic 336 

information by China in late January and early February, the critical time for the world to 337 

respond and prepare for the pandemic. Given the serious implications of the COVID-19 338 

pandemic, further investigations into this period in China needs to be carried out. 339 

 340 

Readers are reminded of the assumptions that underlie our estimates, and they should 341 

therefore be taken as approximate.  However, even if there were non-negligible reporting errors 342 

in these new data, the magnitude of the discrepancy between the results from their analysis and 343 

China’s official figures suggests that the potential impact on the global efforts to control the 344 

pandemic is obvious. Transparency in China is of critical importance for the world to learn from 345 

this infection and for those in the future. While cremation is not a usually used data in medical 346 

literature, at times of public crisis, and in situations of lacking transparency, any reasonable data 347 
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source should be utilized to have as accurate and early as possible of the pandemic so to take 348 

timely action to stop the crisis as early as possible.  349 
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