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The 2019 novel coronavirus diseases (COVID-19) outbreak

aused by SARS-CoV-2 is on-going in China and has hit many

ountries. 1–3 As of 3 March 2020, there have been 80,270 con-

rmed cases and 2981 deaths in China, most of which are from

he epicenter of the outbreak, Wuhan City, the capital of Hubei

rovince. New COVID-19 cases have been steadily declining in

ig. 1. Fitting the COVID-19 mortality and recovery rates with exponential decay an

ate (panel A) and recovery rate (panel B) for COVID-19 in China over time and by l

espectively (as shown by colored solid lines). Parameters from the regression anal

orkers in Hubei over time. Ratio of the aided health workers to patients was als

3). ( D ) Numbers of the remaining confirmed cases of COVID-19, and acute care be

eds to patients was also plotted. Here the data of newly supplied beds in Hubei a
ttps://doi.org/10.1016/j.jinf.2020.03.018 

163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights r
th functions, respectively and timely supply of medical resources. ( A, B ) Mortality

n, with exponential decay- and growth-based regression analyses being performed,

re shown in Table S1, with R 2 being shown here. ( C ) Numbers of the aided health

ed (note: most of the aided health workers are working in Wuhan; refer to Table

keshift beds from Fangcang hospitals and total beds in Wuhan over time. Ratio of

 available and thus the data for Wuhan were analyzed. 

hina and more than 60,0 0 0 patients have been recovered, 4 largely

ue to the effective im plementation of comprehensive control

easures in China. 5 , 6 Here we report that some of these measures,

uch as a dramatic and timely increase of medical supplies, may

lay a critical role such that the mortality and recovery rates of

OVID-19 in Wuhan follow exponential decay and growth modes,

espectively. 

We collected data for analysis on the officially released cumu-

ative numbers of confirmed, dead and recovered cases (from 23
eserved. 
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Jan to 3 Mar 2020) in five geographic regions, i.e., mainland China,

Hubei Province, outside Hubei (in China), Wuhan City and outside

Wuhan (in Hubei). As of 3 Mar 2020, crude fatality ratios (CFRs)

in the above regions are 0.027 ±0.0 06, 0.035 ±0.0 07, 0.0 05 ±0.0 02,

0.045 ±0.012 and 0.021 ±0.008, respectively, in line with earlier re-

ports. 5 , 6 While the mortality rates of COVID-19 outside Hubei and

outside Wuhan appear constant over time, the mortality rates in

Hubei and Wuhan decline continuously ( Fig. 1 (A)). Strikingly, the

mortality rates in Hubei and Wuhan are well-fitted with the expo-

nential decay mode ( R 2 being 0.93 and 0.82, respectively; Fig. 1 (A)

and Table S1), and it is the same forth with that in China ( R 2 be-

ing 0.86) but not with that outside Hubei and outside Wuhan ( R 2 

being 0.39 and 0.32, respectively). Remarkably, we found that the

recovery rates of COVID-19 patients in the above regions were all

well-fitted with the exponential growth mode ( R 2 being 0.96, 0.95,

0.95, 0.88 and 0.95, respectively; Fig. 1 (B) and Table S1). Such in-

triguing pattern for the COVID-19 mortality and recovery rates in

Wuhan (or Hubei) somehow contradicts traditional epidemiologi-

cal models wherein both are assumed as constants. 7 

The above unique pattern may reflect the fact that COVID-19

patients in Wuhan (or Hubei) have been treated more effectively

day by day. Here we focused on two components essential for ef-

fective treatments, i.e., the supply of health workers and hospi-

tal beds. As a matter of fact, a great number (up to 42,0 0 0, as

of 1 March 2020) of health workers have been aided by other

provinces in China (Table S2) and they are working in different

cities of Hubei (Table S3). This extraordinary aid keeps the ratio

of the health workers to patients in Hubei at above 0.6 despite the

number of remaining confirmed cases has ten-fold increased up to

50,0 0 0 on 18 Feb ( Fig. 1 (C)). Results also show that the number

of acute care beds from more than 45 designated hospitals plus

two newly built ones in Wuhan has been consecutively increas-

ing up to 23,532 (as of Feb 24) under the government-directed

re-allocation ( Fig. 1 (D)). This supply thus enabled the severe and

critical patients to be treated timely and effectively. 6 More impor-

tantly, there have been over 10 temporary hospitals (named Fang-

cang hospitals) reconstructed from gymnasium and exhibition cen-

ters, which provide more than 26 0 0 0 makeshift beds for mild pa-

tients ( Fig. 1 (D)). These combinations guaranteed nearly 100% of

COVID-19 patients to be treated in hospitals even if the number of

remaining confirmed cases has ten-fold increased up to 38 0 0 0 on

18 Feb ( Fig. 1 (D)). In contrast, a lot of patients had to stay at home

in the early stage of the outbreak in Wuhan due to the shortage of

beds such that many transmissions in households occurred. 6 

Accordingly, the effective im plementation of com prehensive

control measures and infection-treatment practices is critical for

combatting any new pathogens, not only interrupting the trans-

missions but also saving the patients. Timely supplied medical

resources, including re-allocation of acute care beds, rapid con-

struction of new hospitals and generous aid of health workers by

other less-severe areas, apparently help the epicenter of the out-

break Hubei (Wuhan) to accomplish a unique and also encour-

aging outcome for life-saving such that the mortality and recov-

ery rates of nearly 50,0 0 0 COVID-19 patients exponentially de-

cays and grows, respectively. Other crucial factors contributing to

this success may include the improved and optimized diagno-

sis and treatment strategies, 8 which are critical for saving severe

and critical patients. 5 , 6 , 9 This speculation appears to be supported

by the exponential growth of the COVID-19 recovery rate out-

side Hubei ( Fig. 1 (B)) where medical resources are relatively suf-

ficient over time. 10 Collectively, the achievement made in Hubei

(or Wuhan) may provide useful guidance for many countries to be

better prepared for the potential pandemic 2 that may overwhelm

local health care systems. 
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