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Abstract

Background: The coronavirus disease (COVID-19) pandemic began in Wuhan, China, in December 2019. Wuhan had a much
higher mortality rate than the rest of China. However, alarge number of asymptomatic infections in Wuhan may have never been
diagnosed, contributing to an overestimated mortality rate.

Objective: This study aimsto obtain an accurate estimate of infections in Wuhan using internet data.

Methods: In this study, we performed a combined analysis of the infection rate among evacuated foreign citizens to estimate
the infection rate in Wuhan in late January and early February.

Results: Based on our analysis, the combined infection rate of the foreign evacueeswas 0.013 (95% CI 0.008-0.022). Therefore,
we estimate the number of infected people in Wuhan to be 143,000 (range 88,000-242,000), which is significantly higher than
previous estimates. Our study indicates that alarge number of infections in Wuhan were not diagnosed, which has resulted in an
overestimated case fatality rate.

Conclusions: Increased awareness of the original infection rate of Wuhan is critical for proper public health measures at all
levels, aswell asto eliminate panic caused by overestimated mortality ratesthat may bias health policy actions by the authorities.

(J Med Internet Res 2020;22(8):€20914) doi: 10.2196/20914

KEYWORDS
infectious disease; COVID-19; infection rate; China; Wuhan,; fatality; public health; diagnosis

: According to the large-sample analysis by Wu and McGoogan
Introduction [1], China's case fatality rate (CFR) was 2.3%—that is, 1023
In December 2019, the first cases of coronavirus disease deaths from 44,672 confirmed cases as of February 11, 2020,
(COVID-19) were reported in Wuhan, China, a megacity with with asignificant prqportion of cases originating from Wuhap.
a population of approximately 11 million people. To prevent Thelarge_number.of infected peoplequhan put atight ;tram
the spread of this highly infectious disease, the government  ON €ssential medical resources. The city had a much higher
initiated a city-wide lockdown on January 23, 2020. However, Mortdlity rate (according to Feb 10th statistics: CFR=4.05%
despite these efforts, COV'ID-19 spread to many countries across [748 deaths/18,454 diagnoses]; Apr 24th statistics: CFR=7.69%

the world, reaching pandemic levels, and continues to be a 3869 deaths/S0,333 diagnoses]) than the rest of China The
serious public health concern due to its high mortality rate. Overall CFR of 2.3% for China was likely overestimated, due
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to strained medical resources and alarge number of undiagnosed
patients. According to a recent study, 78% of those who had
been infected were asymptomatic [2]. Therefore, alarge number
of asymptomatic infections in Wuhan might have never been
diagnosed, which contributed to the overestimated CFR. An
accurate estimation of the infection rate is therefore important
to assess Wuhan's CFR precisely.

Methods

Using Markov Chain Monte Carlo methods, Wu et a [3]
estimated that 75,815 individuals (95% Cl 37,304-130,330) had

Table 1. Number of infected people from different countries.
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been infected in Wuhan as of January 25, 2020. Following this,
a number of foreign governments evacuated their citizens and
performed thorough etiological tests on them. This group of
evacuees can serve as a “random” sample to estimate the
infection rate in Wuhan. With internet search as an important
source of epidemiologic information on COVID-19 [4], we
performed a combined analysis of the infection rates of these
population samples using publicly available data (Table 1),
instead of a simple pooled calculation, considering potential
differencesin lifestyles and pathogen exposure across different
populations. The combined analysis was done using the
Comprehensive Meta-Analysis Software (Biostat, Inc).

Country Evacuation date Confirmed cases (n=14), n Evacuees (n=1401), n
Japan [5] N/AZ 9 566

Korea[6-8] January 31, 2020 1 368

Germany [9] February 1, 2020 2 124

Singapore [10-12] January 30, 2020 1 92

Italy [13] February 2, 2020 1 56

United States [14] January 29, 2020 0 195

3N/A: not applicable.

Results

Our analysis demonstrates that there is no significant
heterogeneity across different population samples (heterogeneity

Figure1l. Combined analysis of infection rates of different populations.

test P=.491). The combined infection rate is 0.013 (95% ClI
0.008-0.022) (Figure 1). Based on our results, we estimate the
number of infected people in Wuhan, China, to be 143,000
(range 88,000-242,000), which is significantly higher than the
estimate proposed by Wu et al [3].

Study name Statistics for each study
Event Lower Upper

rate limit limit Zvalue
Japan 0.016 0.008 0.030 -12.277
Korea 0.003 0.000 0.019 -5.897
Germany 0.016 0.004 0.062 -5.767
Singapore 0.011 0.002 0.073 -4.486
ltaly 0.018 0.003 0.116 -3.971
United States 0.003 0.000 0.039 -4.215

0.013 0.008 0.022 -16.371

Event rate and 95% CI
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Discussion

Our estimate indicates that a large number of infections in
Wuhan were not diagnosed. The number of undiagnosed cases
in late January and early February is larger than the final
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diagnosed count reported to date (n=50,333), which hasresulted
in an overestimated CFR. In addition, our study suggests that
the lower CFR (0.51%) estimated by the Centre for
Evidence-Based Medicine [15] does not indicate viral variants
and loss of virulence. Taken together, increased awareness of
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the origina infection rates in Wuhan, China, is critically aswell asto eliminate panic caused by overestimated mortality
important for appropriate public health measures at all levels, ratesthat may bias health policy actions by the authorities.
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