Title: Impact of lockdown on COVID-19
Incidence and mortality in China: an

Interrupted time series study.

Alexandre Medeiros de Figueiredo?, Antonio Daponte Codina?, Daniela Cristina

Moreira Marculino Figueiredo®, Marc Saez*, and Andrés Cabrera Ledn?
1 Universidade Federal da Paraiba e Universidade Federal do Rio Grande do Norte

2 Escuela Andaluza de Salud Publica

3 Universidade Federal da Paraiba

4 Universitat de Girona y Ciber of Epidemiolgy and Public Health
Correspondence to : Alexandre Medeiros de Figueiredo (email: potiguar77@gmail.com)

(Submitted: 4 April 2020 — Published online: 6 April 2020)

DISCLAIMER

This paper was submitted to the Bulletin of the World Health Organization and was
posted to the COVID-19 open site, according to the protocol for public health
emergencies for international concern as described in VVasee Moorthy et al.
(http://dx.doi.org/10.2471/BLT.20.251561).

The information herein is available for unrestricted use, distribution and reproduction in
any medium, provided that the original work is properly cited as indicated by the
Creative Commons Attribution 3.0 Intergovernmental Organizations licence (CC BY
IGO 3.0).

RECOMMENDED CITATION

Medeiros de Figueiredo A, Daponte Codina A, Moreira Marculino Figueiredo DC, Saez
M & Cabrera Ledn A. Impact of lockdown on COVID-19 incidence and mortality in
China: an interrupted time series study. [Preprint]. Bull World Health Organ. E-pub: 6
April 2020. doi: http://dx.doi.org/10.2471/BLT.20.256701



http://dx.doi.org/10.2471/BLT.20.251561
http://dx.doi.org/10.2471/BLT.20.256701

Abstract

Objective: to evaluate the effectiveness of strict social distancing measures applied in

China in reducing the incidence and mortality from COVID-19 in two Chinese provinces.

Methods: We assessed incidence and mortality rates in Hubei and Guangdong before and
after the lockdown period in cities in Hubei. An interrupted time series study was
conducted to evaluate the effectiveness of lockdown on reducing the number of cases and
deaths from COVID-19. We assumed a slope change following a lag impact model and

analysed scenarios with different time-lag periods.

Findings: Daily relative risk reduction in cases was 6.43% (Cl -10.25% / - 2.31%) in a
scenario with a 17 day time-lag in Hubei. In Guangdong province, this reduction was
8.43% (ClI -14.07% / -2.09%) in a scenario with a 7 day time-lag. Daily relative risk
reduction in mortality in Hubei was 7.88% (CI -11.06% / -4.39%) in a scenario with a 10
day time-lag.

Conclusion: Strict social distancing measures were effective in reducing incidence and
mortality rates. Our results suggest that the onset of reduction effects on incidence and
mortality are observed after a period ranging from 7 to 17 days and 10 days, respectively
m. Effectiveness and the time required for changes seem to be associated with the number
of undiagnosed patients and post-lockdown home transmission. Improving
epidemiological surveillance may help stakeholders make decisions in a timely manner,
enabling the use of more effective and specific social isolation strategies with less

economic and social impact.

Introduction

Cases of pneumonia of unknown origin were reported to the World Health
Organization (WHO) on December 31, 2019 in Hubei province in China. A new type of
coronavirus (SARS-CoV-2) was isolated from infected patients, characterizing the

appearance of a new pathology, later called COVID-19.}

The lack of specific treatment or vaccines makes non-pharmaceutical
interventions (NPIs) at the individual and collective level the only actions capable of
containing the spread of the epidemic and reducing its impact on population health. There
is a relative consensus on the use of individual protection measures as these measures

have a low capacity to cause damage to health and the economy.? Social distancing



measures for patients with respiratory infections or symptoms show evidence of
effectiveness in controlling the spread of respiratory disease epidemics and, therefore,
should be used as a way to reduce the spread of the epidemic.2 More comprehensive social
distancing measures, such as temporary suspension of school activities, events involving
large crowds, or closing borders, are also recommended in specific situations, despite the
lack of evidence of effectiveness.?

China initiated measures to contain the epidemic with the closure of the Wuhan
Wet Market, which was identified as the first place of COVID-19 spread on January 1,
2020.2 The spread of the epidemic and the confirmation of human-to-human
transmissibility led to the lockdown of the Wuhan city on January 23.3# This measure
resulted in travel restrictions to and from Wuhan.®# Public places such as schools and
universities were closed and mass gatherings were prohibited.®> Strict social distancing
measures were adopted and outside activities were extremely limited to reinforce home
quarantine.> These measures were followed by actions to reduce mobility and mass
gatherings across China, using different strategies based on the epidemic situation in each
region.® Despite these measures, there was an increase in cases and deaths by COVID-19
in China, especially in Hubei province. In early February, community transmission
outside of China was confirmed, starting a new phase of expansion of COVID-19 that has

culminated in the current pandemic situation.®

Research on factors that influence COVID 19 transmissibility is limited.
Estimated basic reproduction numbers before January, 23 in Hubei (Ro) vary, ranging
from 1.6 to 2.6, indicating a high capacity for sustained transmission.* SARS-CoV-2 has
an average incubation period of 5.1 days, with 97.5% of cases progressing to COVID-19
at around 11.5 days.” Thus, it is assumed that some of the cases diagnosed in the first days
after the lockdown were infected before January the 23", Close contact with family
members may be another important route of transmission as has been shown in some
studies.®® Thus, familiar transmission could play a role in incidence increases during
home quarantine.® These factors suggest that the effectiveness of lockdown in reducing

incidence may be perceived only days after its implementation.

COVID 19 case fatality rate is associated with older age.’® However, there is
limited research on factors which influence COVID-19 mortality in community settings.
There are no population studies that show the average time elapsed between exposure to

the virus and the evolution to death. However, data from the COVID-19 outbreak on the



Princess Diamond cruise ship indicate that deaths started 15 days after the first cases were
reported.'! Due to these characteristics, lockdown effects on mortality should be observed
progressively after a lag of days. Strict social distancing measures have a high economic
and social impact and it is, therefore, necessary to understand their effectiveness and
effects. The aim of this study is to evaluate the effectiveness of lockdown measures on
reducing incidence and mortality from COVID-19 in two Chinese provinces.

Methods

Data Sources and data setting

We used daily data on confirmed cases and deaths made available by international
organizations and systematized by researchers at John Hopkins University from January
the 22" 2020.*2 Data on confirmed cases and deaths occurring between 11/01/2020 and
21/01/2020 were extracted from reports of the National Health Commission of the
People's Republic of China.'® Population data used to calculate incidence and mortality

rates were extracted from the National Bureau of Statistics of China.'*

Response variables were incidence and mortality rates (per 10,000 inhabitants)
and explanatory variables were time (setting day 1 as the first COVID-19 diagnosed case),
lockdown intervention (setting 0 as the period without lockdown and 1 as the period with

lockdown), and the interaction between time and intervention period.

Design and study population

This research is an interrupted time series study which assessed COVID-19
incidence and mortality rates in Hubei and Guangdong provinces in China, before and

after the lockdown period in Wuhan and other cities in Hubei.*®

Interrupted time series studies are applied to evaluate the effectiveness of
population-based interventions. *> This methodology analyses the longitudinal effects of
an intervention on a given outcome, considering an expected trend in the absence of the
intervention (contrafactual) and the trend found after the intervention (intervention). 1°
The comparison between the expected tendency without intervention and the existing

trend after the intervention allows identification of any changes, in this way evaluating



effectiveness.'® The characteristics of the intervention and the evaluated outcomes define
the parameters of the method adjustments.®

Based on information providing in existing literature, we assumed a slope change
following a lag impact modelto analyse the incidence and mortality trend following the
lockdown intervention.™® Thus, we analysed scenarios with different lag periods and times
of observation (until 12/02/2020 or 12/03/2020) in Hubei and Guangdong. Mortality
analysis was done only for Hubei, because all deaths in Guangdong occurred after the
lockdown

Statistical methods

We specified random effects negative binomial regressions. Random effects for
time and interaction were modelled bya random walk of order 1 (i.e., independent
increments) for the Gaussian random effects vector. %" As the Bayesian estimation
provides greater flexibility (a consequence of its hierarchical strategy), we chose to
conduct analyses using a Bayesian frame work through the integrated nested Laplace
approximations (INLA) approach.81® In summary, initial uncertainty about the effect
measures (i.e., relative risks) and the extent of their variation, was first expressed through
prior distributions. Next, we combined prior distributions with the so-called likelihood
(i.e., the model and the currentdata), to obtain posterior distribution for the quantities of
interest (again, relative risks). We then summarised the posterior distributions through
point estimates and credible intervals (analogous to typical confidence intervals, Cls). A
small modificationin the standard priors (eg, increasing their precision) can imply very
different inferences.That is why weneed robust priors such as penalising complexity
priors, which are invariant to re-parameterisations and alwaysprovide the same
inferences. 2° One of the advantagesof Bayesian analyses (with respect to the classical
(orfrequentist) analyses) is that they are more suitable for accounting for model
uncertainty, both in the parametersand in the specification of the models. Furthermore,
only with a Bayesian approach is it possible to model variabilitywith relatively sparse
data, whilst it is also easier to specifymore complex scenarios. All analyses were carried

out with the free software R, available throughthe INLA library (version 3.6.3).%

Results



The incidence in Hubei was 0.07 cases of COVID-19 for 10,000 inhabitants on
the 23" of January and 11.44 cases for 10,000 inhabitants on the 12"of March 2020. In
Guangdong, incidence rates ranged from 0.003 to 0.13 cases for 10,000 inhabitants in the
same period (Table 1A — appendix).

Results of the estimated daily reduction of relative risks for each scenario analysed
and their respective credible intervals (ClI) are shown in figure 1. In the scenario included
data collected up until February the 12", the lockdown showed a significant reduction in
incidence in the scenario with 17 days of lag in Hubei (Figure 1). In this scenario, the
daily reduction in cases was 6.43% (CI -10.25% / - 2.31%). In Guangdong province, this
reduction was 8.43% (CI -14.07% / -2.09%) in the scenario with 7 days of lag.

In the scenario that included data collected up until March the 12™, the lockdown
showed a significant daily reduction in incidence 17 days after the intervention in Hubei
(figure 1). In this scenario, the daily reduction in cases was 8.03% (CI -10.31% / - 5.58%).
In Guangdong province, the reduction was significant in scenarios with lags from the
fourth post-intervention day, with a daily reduction of 13.41% (CI -21.14% / -5.23%) in
the scenario including data collected up until March the 12" (figure 1). Incidence
evolution curve estimations in Hubei and Guangdong are displayed in figure 2.

During the study period, Hubei reported 3,065 deaths from COVID-19 and
Guangdong reported eight. The lethality rate was 4.54% in Hubei and 0.59% in
Guangdong. Reductions in mortality in Hubei were significant in models using time lag
of 13 days in both scenarios of time observation (Table 1B - appendix). This daily
reduction was 6.15% (Cl -10.50%/-1.15%) and 12.04%, respectively (CI -15.08% /
8.78%). According to the long-term observation model, the reduction in deaths in Hubei
was 35.22%. Predicted mortality in Hubei was 13.38 deaths (Cl 5.13-48.22) per 10,000
inhabitants, which would be equivalent to 82,101 deaths (CI 30,336-285,303) on March
the 12 2020 (Table 1B — supplementary material). A similar mortality applied to all of
China would mean 1,936,159 deaths (CI 716,037-6,728,178) at the end of the epidemic.

Mortality evolution curve estimations in Hubei are displayed in figure 3.

Analysis models of incidence reduction using data collected up to March the 121"
2020 showed reductions in both provinces (figure 4). In Hubei, the reduction in relation
to the estimates was 47.43% on the sixth day after lockdown, reaching a reduction of
92.37% after 24 days. Reductions were higher in Guangdong, with 61.26% 6 days after
the beginning of measures and 97.75% after the 24™ day. The reduction in mortality in



Hubei was 68.40% on the sixth day after the intervention and 99.00% after the twenty-
fourth day.

Discussion

The results demonstrate that the lockdown was effective in reducing incidence and
mortality rates in Hubei and in adjacent regions like Guangdong. Thus, it can be used as

a strategy to reduce the spread of the COVID-19 epidemic.

These were the two Chinese provinces with the highest number of cases of
COVID-19 and they were in different situations in relation to the epidemic process at the
beginning of the lockdown in Hubei.12 These provinces have 59.17 and 104.30 million
inhabitants, respectively, which together represent 11.72% of the Chinese population in
2018.1

As mentioned in the Introduction section and depicted in the results section, the
effectiveness of lockdown progressively increased in scenarios that considered time-lags
between the intervention initiation and the beginning of the effect, as expected by the
dynamics of the infection itself. In that sense, we present in appendix a logic model of
transmissibility of COVID-19 in quarantine. According to that, due to the SARS-CoV-2
incubation time, an effective reduction in incidence would be expected between the 5th

day and the 11th day after the intervention.

In Guangdong province, there was a significant reduction from the 7th day after
introduction of social distancing measures, which is compatible with expected behaviour.
In Hubei, significant daily reductions were seen later than those found in Guangdong. It
Is estimated that 86% of COVID 19 cases were not documented before the start of the
lockdown in Hubei.?? Undocumented cases probably perpetuated the transmission chain
in households; sustaining the incidence increases seen in the first weeks of quarantine and
reducing the effects observed in our estimates.®®2? These results suggest the importance
of considering undiagnosed cases and transmissions between family members in the
progression of the epidemic.®® Indeed, ours results suggest that in regions where there are

a greater number of unidentified cases, the effect of lockdown begins to be observed later.

The COVID-19 epidemic has an exponential growth characteristic and, therefore,
the effectiveness of reducing incidence is affected by the time of the epidemic when social
distancing measures are established. This hypothesis was confirmed based on the



differences found between the provinces of Hubei and Guangdong. These results suggest
that the identification of undiagnosed cases, through intensive testing strategies and social
distancing measures,improves the results obtained. A study carried out in China reports
that a 3-day delay in measures being introduced in Wuhan could be responsible for the
35.21% increase in the number of cases that occurred outside of this region in late
February.?®

The different moments of implementation of social distancing measures may
explain differences in the capacity to contain the number of cases in the province of Hubei
and in countries like Italy, where similar measures have been implemented. 2* Italy
implemented a lockdown on March the 11" when it had an incidence rate of 11.71 cases
per 10,000 inhabitants and a mortality rate of 0.11 deaths per 10,000 inhabitants. 12242
Currently, Italy has an incidence of 17.12 for every 10,000, three times higher than that
observed in Hubei when it managed to control the epidemic.? Analysis of mortality data
in the Chinese province of Hubei suggests that lockdown prevented the deaths of
thousands of Chinese. A recent study by the Imperial College suggests similar estimates

in European countries corroborating ours results.?®

This analysis is based on historical time series dataon the number of confirmed
COVID-19 cases and deaths. Thus, outcomes are influenced by changes relating to the
definition of diagnostic criteria, accuracy of diagnostic tests and accessto tests. Estimates
of incidence and mortality showed higher values in models shorter observation periods.
This pattern can be explained by the fact that in the interrupted time series model,
estimates are also influenced by observed data trends in the post-intervention period.*®
Thus, the lower incidences seen following lockdown generated scenarios with lower
estimates in models with longer observation periods. With regards to relative daily
reductions, differences between the values obtained in the short-term and long-term
observations were smaller. This demonstrates the consistency of the model.

According to our results strict social distancing measures represent an effective
way to slow the progression of COVID-19 epidemics. However, these measures have a
great economic, psychological and social impact.?®2” They should, therefore, be used as
extreme options in regions where evolution of the COVID-19 epidemic puts the health
system's response capacity and the health of the population at risk. Epidemic surveillance
based on effective testing strategies is a central element in determining choices relating

to the degree of intensity of social isolation measures. Thus, improving epidemiological



surveillance and expanding the capacity to diagnose people with COVID-19 can help
stakeholders make decisions in a timely manner, enabling the use of more specific social

isolation strategies with less economic and social impact.
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FIGURE 1: Estimated daily relative rish reduction due to lockdown (% change and
95% credible intervals)
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FIGURE 2: Expected incidence trends in the absence of the intervention
(contrafactual) and following intervention (intervention) in Hubei and Guangdong.
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FIGURE 3: Expected mortality trends in the absence of the intervention
(contrafactual) and following intervention (intervention) in Hubei — scenarios
including data collected up until Februaray 12" and March the 12t
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FIGURE 4: Estimated relative risk reduction according to different lockdown
durations
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FIGURE 1 APPENDIX - Logic model of transmissibility of COVID-19 in quarantine

Before lockdown After lockdown
) 12 day 12 wave 2% wave 3% wave 42 wave
Community Houses Houses Houses Houses Houses
loo00 | [co00 | (0000 ||[0000 ]| |[000O |
© ° © [ccoo | [coco | [coco|[0coo]||[0c00]
° © looc0o0 | o000 ]| 0000 ||0000O | 0000 ]
© 6] OO locoo | (0000 | 0000 ||0000O | 0000 |
e © locoo | [0ooc0 | (0000 | 0000 | 0000 |
e © 0000 [ccoo | [oocco]| [0c000]|[0000]| 0000 ]
© ® o locoo | [oooco | [0c00co ||0ccoo | |ccoo|
@9 °©, @ _|oco0o | [coco]| (0000 ||0ccco | 000 |
o © 0 le@00 | [@e®@® | [0c0O0®O | (0000|0000 |
o © © @000 | ([e@eco | [0ceeo ||cceo | |0cco0|
o o © OO 0000 | (0000 | (0000 ||0000 ]| |[000O |
o eo0o0o0 | 0000 | (0000 ||0000O | |C000 |
Haspital - = Haspital Hospital Hospital Hospital Hospital
Familiar route of
ee transmission | @ @ eoe@ eoe eoe ece
o000 000 @00 000 000 000

O Person without infection or cured @ Person with COVID-19 @ Person in incubation period ® Desth



TABLE 1A APPENDIX

E=timated rate per 10,000 without

E=timated rate per 10,000 without

E=timated daily BR reduction dus to

Estimated BR reduction according

COutcome | Provinee Df;::.tig Lag Drbaf::l;d imckdawin Imekdown EStri:::tEd tckdanin™ Incktd?uii:z:;ﬂlﬂrﬂzgllzini?g:rind]
10,000 I.:"cnin.t Lowerdbes | Upperdhe: I.:"cnin.t Lowerdss | Upperdhii | averted” I.'—'c'in.t Lc-we-r Cl | Upper95i: E days 12 days 24 days
eztimation Cl Cl eztimation Cl Cl estimation ah Cl

Mo lag 5.64 2214 B.36 7763 2245 1289 36,53 1403 1243 dezox | 23 TRE 15,90 4.32m

7 -3.08% TR 181 AeaTs | -s0Ek | -Brdexm

””;ir':f;'” 10 arze | esem 3503 At | s | -aenex

14 ekt 7T 238N deddk | -2aesx | -G0SE:

Hubei 17 B4 10265 -2.31 a2ar | 5404 | -79eEm
Mo lag 146 nzz 386 3648 762 .64 476 2edx | ek | -ensex 22Ex 4743 | -TRaTx | -02aTH

7 -4 9 -4 a3 2628 | -45EEN | -T04TH

"'"t"r;;amh 10 a0z | oorsmm | o-nzem | -zsss | ozsste | szesm

nsidense 14 5545 -G08 945 2aa4 | 498l | -T4EIN
17 3.0 03 56 | -aa4mm | -e3aex | -sebax

Ml lag 0z 505 172 1656 404 289 56 a8k | -BAem et | oe2x | -a080k | BLROM | -TEETH

UntilFebru 4 A= 753 238 apazs | -BZF0x | -DE0EM

any 12 7 B4 407 -2.09% 4nds | BB | 8T

Guangdaon 10 -85 g | -43Em A1 | -eamax | o0
9 Mo lag 0z 223 134 a4 196 161 239 A2ax | -MErw | -dBE | dax Blzex | -edmex | -anTEx
Untilldarch 4 341 2114 Gea | 6resw | o-erzam | -oemen

2 7 a0as | e | eamx | agoms | Faoem | sz

10 Az | ozave | -k Hlde | -vezam | -oddem

* Relative difference between the estimated rates WITHOUT and WITH the intervention from the date with the first case detected until the initial or posterior period

(12/02 or 1303, respectively)

**Relative Risk (of the interaction between the intervention (lockdown) and time (1 day)




TABLE 1B APPENDIX

Estimated rate per 10,000 without Estimated rate per 10,000 without . Estimated daily BR reduction due to Estirr.uated F“:_! redu-.:tinn accordingto
) Observed Estimatedr . different times since lockdown
) Obzeratio lackdawn lackdown lackdawn )
Outcome | Provinee i Lag rate per ate started [follow -up period]
nme 10,000 Point | Lower 352 | Upperdssz | Point | Lowerd5: | Upper 955 | avered: Foint IC 955 IC 955
L L L G days 12 days 24 days
estimation Cl Cl estimation Cl Cl Estimation Lower Lpper
Mo lag 0.15 23.35 5.86 101z 2055 .65 3473 -11.855 -5.43% -22. 158 8.73 -41.27 -65.51 -28. 11
UntilFebrua 10 - - - - - - - - -5.08% -9.27 -0, 26,87 | 4652 | -7
w2 13 - - - - - - - - -6.152 -10.500 =115 3167 5331 | -TE20
15 - - - - - - - - -5.38% -5.63 =114 28,26 | -48.53 | -T3.51
Martality Hubei
Mo lag 0.5z 13.85 5.13 4822 8.33 B.67 .85 35220 | -1rdv | -2VES -5.63% -63.40% | -30.01- | -93.00:
UrtilMarch 10 - - - - - - - - =758 -11.06% -d.33% -38.89 | -6B2.66% | -86.06:
12 13 - - - - - - - - 1204 | -1s08 | -s78w | -5367¢ | -78S4w | -95.39
15 - - - - - - - - -T.82% -10.09: =523 -38.65% | -B2.36% | -85.83

* Relative difference between the estimated rates WITHOUT and WITH the intervention from the date with the first case detected until the initial or posterior period (12,/02 or 13/03, respectively)
**Relative Risk (of the interaction between the intervention (lockdown) and time (1 day)



