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the co-benefits of NPIs against COVID-19 on notifiable infectious diseases (NIDs) in Guangdong Province,
China.
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Methods: Based on NID data from the Notifiable Infectious Diseases Surveillance System in Guangdong,
we first compared the incidence of NIDs during the emergency response period (weeks 4-53 of 2020)
with those in the same period of 2015-2019 and then compared that with the expected incidence during
the synchronous period of 2020 for each city by using a Bayesian structural time series model.

Findings: A total of 514,341 cases of 39 types of NIDs were reported in Guangdong during the emer-
gency response period in 2020, which decreased by 50-7% compared with the synchronous period during
2015-2019. It was estimated that the number of 39 NIDs during the emergency response in 2020 was
65-6% (95% credible interval [CI]: 64-0% - 68-2%) lower than expected, which means that 982,356 (95%
CI: 913,443 - 1,105,170) cases were averted. The largest reduction (82-1%) was found for children aged
0-14 years. For different categories of NIDs, natural focal diseases and insect-borne infectious diseases
had the greatest reduction (89-4%), followed by respiratory infectious diseases (87-4%), intestinal infec-
tious diseases (59-4%), and blood-borne and sexually transmitted infections (18-2%). Dengue, influenza,
and hand-foot-and-mouth disease were reduced by 99-3%, 95-1%, and 76.-2%, respectively. Larger reduc-
tions were found in the regions with developed economies and a higher number of COVID-19 cases.

Interpretation: NPIs against COVID-19 may have a large co-benefit on the prevention of other infectious
diseases in Guangdong, China, and the effects have heterogeneity in populations, diseases, time and space.
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Research in context

Evidence before this study

The COVID-19 pandemic has had a significant disruptive
impact on the economy, society, environment, and human
health throughout the world. As of 15 July 2021, several
studies have described that a few infectious diseases were
collaterally reduced during the COVID-19 pandemic. To our
knowledge, no study has comprehensively assessed the spa-
tial and temporal co-benefits of nonpharmaceutical interven-
tions (NPIs) against COVID-19 on notifiable infectious dis-
eases (NIDs) in a large population where strict NPIs have
been implemented.

Added value of this study

Stricter NPIs against COVID-19 may have greater co-
benefits on NIDs in Guangdong Province but with spatiotem-
poral or disease-specific heterogeneity. The largest reduction
in NIDs was found for NIDs in children, natural focal diseases
and insect-borne infectious diseases (i.e., dengue), respira-
tory infectious diseases (i.e., influenza), intestinal infectious
diseases (i.e., hand-foot-and-mouth disease), and the reduc-
tion may be associated with NPIs implemented against the
COVID-19 pandemic.

Implications of all the available evidence

The findings in Guangdong indicate that NPIs are crucial
for NID prevention and control. Our study also suggests that
some NPIs, such as border restrictions, quarantine and iso-
lation, community management, social distancing, face mask
usage, and personal hygiene encouragement, would be very
effective measures for the prevention and control of infec-
tious diseases in the future, especially for respiratory infec-
tious diseases (e.g., influenza), vector-borne infectious dis-
eases (e.g., dengue), and intestinal infectious diseases (e.g.,
hand-foot-month disease).

1. Introduction

Coronavirus disease 2019 (COVID-19) was declared a pandemic
by the World Health Organization (WHO) on 11 March 2020, and
it is affecting more than 200 countries and areas, with more than
216 million cases by 29 August 2021 [1]. The COVID-19 pandemic
has had significantly disruptive impacts on the economy [2], so-
ciety [3], environment [4], and human health [5] throughout the
world.

However, studies have shown that several infectious diseases,
such as influenza and tuberculosis, were collaterally reduced dur-
ing the COVID-19 pandemic. For instance, the overall number of
twelve notifiable infectious diseases and five non-infectious respi-
ratory diseases in Pakistan declined by 52-3% in 2020 [6]. A similar
reduction was found for seasonal influenza in Japan [7] and tuber-
culosis in Jiangsu, China [8]. In the Taiwan region, the cases of noti-
fiable infectious diseases (NIDs) decreased dramatically [9], except
for sexually transmitted diseases [10]. In contrast, Buckley et al.
found that social distancing led to a marked decrease in sexually
transmitted diseases and foodborne infections in Spain [11]. How-
ever, to our knowledge, no study has comprehensively described
the demographical characteristics of the effects of NPIs against
COVID-19 at spatial and temporal scales on NIDs in a large pop-
ulation where strict NPIs have been implemented. Such evidence
is invaluable to inform public health policy on the prevention and
control of infectious diseases in the future.
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Guangdong Province offers an opportunity to study the effects
of NPIs on NIDs, and the findings could be referenced to other lo-
cations around the world. Guangdong Province is located in south-
ern China and had a 126 million population in 2020. It has a hot
and humid subtropical climate and is adjacent to the Hong Kong
and Macao Special Administrative Regions. Guangdong is always
at the front line of any outbreak of emerging infectious diseases,
and it experienced the outbreak of severe acute respiratory syn-
drome (SARS) in 2003 and a dengue epidemic in 2014 [12,13].
During 2020, Guangdong also faced the crucial challenge of con-
taining COVID-19 [14], and a set of NPIs was implemented to sup-
press COVID-19 transmission, including but not limited to inten-
sive surveillance, border restrictions, quarantine and isolation, con-
tact tracing, school closure, large gatherings cancelled, social dis-
tancing, mask wearing and personal hand hygiene [14,15]. Finally,
the COVID-19 epidemic was successfully controlled in Guangdong
in 2020 [15].

In this study, we used NID data from the Notifiable Infec-
tious Diseases Surveillance System (NIDSS) to examine the effect
of NPIs against COVID-19 on overall and specific NIDs in Guang-
dong, China. This study will assess the co-benefits of NPIs against
COVID-19 on NIDs and deepen the understanding of NID preven-
tion and control based on NPIs.

2. Methods
2.1. Study setting

This study selected Guangdong Province as the study site.
Guangdong had the largest number of confirmed cases of COVID-
19 outside of Hubei Province as of 22 January 2020 and was threat-
ened by local epidemics and imported COVID-19, which pushed
Guangdong to implement aggressive and strict NPIs to curb the
epidemic of COVID-19 during 2020.

2.2. Data collection

2.2.1. NIDs

Data on NIDs from 1 January 2015 to 31 December 2020 in
Guangdong were retrieved from the NIDSS in China. The NIDSS
is an internet-based timely reporting system that was developed
by the Chinese Center for Disease Control and Prevention and offi-
cially launched in 2004 [16]. NID data have been widely utilized by
government sectors as well as domestic and overseas organizations
to implement and evaluate public health programs. The NIDSS cov-
ers all public and private medical institutions in Guangdong, col-
lecting case data with unified reporting cards [16]. All NIDs diag-
nosed by a doctor are required to be reported to the system. In-
formation for each case includes gender, age, address, nationality,
diagnosis, date of illness onset, imported or local case, and various
potential risk factors. The NIDs were classified into three groups:
Class A, Class B and Class C based on the disease characteristics
and management requirements [17]. Generally, the NIDs of Class A
often have higher transmissibility and pathogenicity and should be
reported within 2 hours; the NIDs of Class B and Class C should
be reported within 24 hours. During 2009-2019, the types of NID
was 39, including 2 for Class A, 26 for Class B, and 11 for Class C.
In January 2020, COVID-19 was added as a statutory NID and clas-
sified as Class B, but it was managed as a Class A NID. Table S1
provides detailed information for the 40 NIDs in China.

Population data were collected from the Guangdong Statistics
Yearbook (http://stats.gd.gov.cn/). The flow of flight was collected
from the Variflight company (http://www.variflight.com). The NID
data in mainland China during 2015-2020 were annual data, which
were collected from the annual statistical statement published on
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the official website of the National Health Commission of the Peo-
ple’s Republic of China (http://www.nhc.gov.cn/jkj/).

2.2.2. NPIs against COVID-19

According to the emergency plan for public emergencies of
China [18], the emergency response is divided into four levels
(from level 1 to level 4). The level 1 emergency response is the
highest level of response, which would initiate the strictest pub-
lic health intervention measures, such as region lockdown, travel
restrictions, crowd prohibition, and compulsory health quarantine.
The intervention level is downgraded stepwise from level 1 to
level 4. In 2020, based on the COVID-19 epidemic, the Guang-
dong provincial government implemented three different levels
(level 1, level 2 and level 3) of public health emergency responses
against COVID-19. On 23 January 2020, Guangdong initiated a level
1 emergency response, which lasted until 23 February 2020 (weeks
4-8). From 24 February to 8 May 2020 (weeks 9-19), Guangdong
implemented a level 2 response. From 9 May to 31 December 2020
(weeks 20-53), Guangdong implemented a level 3 response. Dur-
ing the three periods, Guangdong implemented a series of NPIs to
contain COVID-19. Information on NPIs during the emergency re-
sponse was collected from Guangdong Provincial Center for Dis-
ease Control and Prevention and official reports (http://wsjkw.gd.
gov.cn/).

2.3. Data analysis

This study focused on the impact of NPIs against COVID-19 on
39 other NIDs in 2020 in Guangdong Province. The 39 NIDs are
classified into five categories according to the NIDSS categories:
intestinal infectious diseases, respiratory infectious diseases, natu-
ral focal diseases and insect-borne infectious diseases, blood-borne
and sexually transmitted infections, and other infectious diseases
(Table S1). The incidence rates of NIDs in 2020 were calculated by
the number of NID cases divided by the population in 2020, and
the average incidence rates of NIDs in 2015-2019 were calculated
by the total number of NID cases during 2015-2019 divided by the
sum of the annual population during 2015-2019.

To investigate the impact of NPIs on NIDs, we first compared
the incidence of NIDs during weeks 4-53 of 2020 with the aver-
age NID incidence during the same period of 2015-2019 and then
with the expected NID incidence in weeks 4-53 of 2020. The ex-
pected numbers of NIDs in weeks 4-53 of 2020 were estimated by
the Bayesian structural time series (BSTS) model, which has been
widely used in previous studies [19,20].

The BSTS model consists of three main components: the
Kalman filter, spike-and-slab method, and Bayesian model averag-
ing [20], and it is well suited to discover causations with its coun-
terfactual prediction and the observed data [20-22]. Based on the
observed weekly number of NID cases during 2015-2019, we used
the BSTS model to estimate the weekly counts of cases in weeks
4-53 of 2020 by accounting for seasonality and long-term trends,
and the lower and upper 95% credible intervals (95% CI) were esti-
mated. The BSTS model was specified as follows:

Log(ye) =Z"ote + pue + e + & & ~ N(O, Hy) (1)

Opy1 = Trate + Renene ~ N(O, Q) (2)

Equation (1) is the observation equation, and Equation (2) is the
transition equation that defines how the latent state evolves [22],
where y; is the number of NID cases in week t linked to a vec-
tor of latent state variables «;. Z; T;, and R; are model matrices
that contain a mix of known values (0 and 1). &; and n; are the
randomly and independently distributed Gaussian error terms with
zero mean and variance H; and Q. In the model, x4, is used to con-
trol the long-term trend; t; is used to control the seasonality with
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a variable of week (53 per year); and the model is implemented
with the Markov chain Monte Carlo (MCMC) algorithm using 1000
iterations. In the initial study, the fitted curves and the values of R
square showed good fitting for the model (Figure S1).

We further estimated the expected cases in 2020 by the three
emergency response periods, five categories of NIDs, specific NIDs,
sex, age group (children: 0-14 years; adults: 15-64 years; the el-
derly: >65 years), and city (21 prefectures in Guangdong Province).
To estimate the benefits of NPIs against COVID-19 on NIDs, we
used the relative reduction in NID incidence during weeks 4-53 of
2020 as the indicator [19], and the calculation formula of relative
reduction was:

Relative reduction (%) = 100% x (number of expected cases -
number of observed cases)/number of expected cases.

We plotted the epidemic curve of COVID-19 in Guangdong in
2020 and integrated synchronous NPIs into the plot. The NPIs
were grouped into three categories according to Leung et al.’s
report [23]: case-based measures (e.g., epidemiological investiga-
tion, health quarantine, nucleic acid screening), community mea-
sures (e.g., social distancing, using face masks, closing schools), and
travel-related measures (e.g., limiting international airline, man-
agement and quarantine for residents from overseas countries or
risk regions).

To explore the link between the reduction of NIDs and the
COVID-19 cases reported in Guangdong, Spearman’s correlation
analysis was used to investigate the relationship between the re-
duction rate of NIDs and the number of COVID-19 cases in 21 cities
of Guangdong Province.

We implemented the BSTS model analysis using the “bsts” and
“Causallmpact” packages in R software (version 3.6.0).

2.4. Role of the funding source

The study funders had no role in the study design, data analy-
sis, data interpretation or writing of the report. The corresponding
author had full access to the data in the study and had final re-
sponsibility for the decision to submit for publication.

3. Results

3.1. Comparison between the number of NID cases in 2020 and
the average annual number of NID cases during 2015-2019

As Table 1 shows, 514,341 cases of 39 NIDs were reported in
Guangdong during weeks 4-53 in 2020, which decreased by 50-7%
(50-2% for females vs. 51.6% for males) compared with the av-
erage annual cases during weeks 4-53 in 2015-2019. The reduc-
tion decreased with increasing age, with 73.0%, 17-5%, and 8-4% re-
ductions for the 0-14-, 15-64-, and >65-year-old groups, respec-
tively. The reduction rates varied by year, which were observed
from 39-2% (2020 vs. 2015) to 65-3% (2020 vs. 2019) (Table S2).
In China overall, the number of the 39 NIDs decreased by 25-5% in
2020 (5,719,657 in 2020 vs. 7,679,761 in 2019) (Table S3).

For different NID categories in Guangdong, natural focal dis-
eases and insect-borne infectious diseases were reduced most dra-
matically (77-3%), followed by intestinal infectious diseases (64-9%),
respiratory infectious diseases (63-7%), and blood-borne and sex-
ually transmitted infections (3-3%). In China, the most significant
reductions were intestinal infectious diseases (44-5%), natural focal
diseases and insect-borne infectious diseases (22-4%), respiratory
infectious diseases (11-6%) and blood-borne and sexually transmit-
ted infections (3-7%).

For specific NIDs, the top five reductions were observed in
dengue fever (98-1%), hand-foot-and-mouth disease (83-9%), in-
fluenza (80-7%), scarlet fever (80-1%), and pertussis (64-0%) in
Guangdong, while the top five reductions of NIDs in China were


http://www.nhc.gov.cn/jkj/
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Table 1
Comparison between the number of NID cases during weeks 4-53 in 2020 and the average annual number of NID cases during weeks 4-53 in 2015-2019 in Guangdong Province
Notifiable infectious Weeks 4-53 Weeks 4-8 Weeks 9-19 Weeks 20-53
diseases - - X X
Relative Relative Relative Relative
2020 2015-2019 reduction (%) 2020 2015-2019 reduction (%) 2020 2015-2019 reduction (%) 2020 2015-2019 reduction (%)
Overall 514,341 1,043,939 50.7 43,755 70,778 382 86,434 210,943 59.0 384,152 762,216 49.6
Gender
Male 319,852 642,514 50-2 25,901 43,545 405 54,915 129,989 57.8 239,036 468,988 49.0
Female 194,489 401,425 516 17,854 27,233 344 31,519 80,964 61-1 145,116 293,228 50.5
Age group
Children (0-14 years) 171,263 634,427 73.0 20,723 35,773 421 17,874 113,034 84.2 132,667 485,619 72.7
Adults (15-64 years) 291,707 353,454 17-5 19,768 30,154 34.4 57,857 84,695 317 214,082 238,604 10-3
The elderly (65- years) 51,371 56,058 84 3,264 4,851 327 10,703 13,214 19-0 37,403 37,993 1.6
Intestinal infectious 178,580 509,409 64.9 10,341 26,761 614 18,645 77,916 76-1 149,594 404,731 63.0
disease
Hand-foot-and-mouth 59,448 368,116 83.9 445 3,455 87-1 1,162 47,714 97.6 57,841 316,947 818
disease
Infectious diarrhea* 115,201 133,826 13.9 9,612 22,812 579 16,793 28,648 414 88,796 82,366 -7-8
Acute hemorrhagic 2,085 3,743 443 152 228 333 365 808 54.8 1,568 2,707 421
conjunctivitis
Others 1,846 3,724 50-4 132 266 50-4 325 746 56-4 1,389 2,711 488
Respiratory infectious 102,684 282,875 637 21,268 23,845 10-8 19,887 74,840 734 61,529 184,190 666
disease
Influenza 35,590 184,545 807 16,030 15,891 -0-9 5,034 50,214 90.0 14,526 118,441 87.7
Pulmonary tuberculosis 53,964 70,458 234 4,196 6,279 332 12,895 18,204 292 36,873 45,975 19-8
Mumps 11,453 20,265 43.5 769 1,144 328 1,567 4,150 62-2 9,117 14,971 391
Scarlet Fever 763 3,838 80-1 62 301 79-4 109 1,236 912 592 2,302 74.3
Pertussis 686 1,908 64.0 187 123 -52.0 245 415 41.0 254 1,369 814
Others 228 1,861 87.7 24 107 77-6 37 621 94.0 167 1,132 85:2
Natural focal diseases and 851 3,751 773 58 115 49.6 189 359 474 604 3,276 816
insect-borne infectious
diseases
Dengue fever 50 2,643 981 5 14 643 4 34 882 41 2,595 984
HFRS 165 369 55.3 12 49 755 47 119 60-5 106 201 473
Human brucellosis 335 404 171 25 29 13-8 106 151 298 204 223 85
Others 301 335 10-1 16 23 304 32 55 418 253 257 1.6
Blood-borne and sexually 78,146 80,818 33 3543 5650 373 15,347 17,972 14-6 59,256 57,195 -3.6
transmitted infections
Syphilis 50,140 52,594 4.7 2529 3728 322 11,097 12,068 8.0 36,514 36,798 0-8
Gonorrhea 24,221 24,096 -0-5 888 1666 467 3,531 4,999 294 19,802 17,430 -13.6
AIDS 3,785 4,127 83 126 255 50-6 719 905 20-6 2,940 2,967 09
Other infectious diseases 154,080 167,087 7-8 8545 14407 407 32,366 39,856 188 113,169 112,824 -0-3
Hepatitis B 127,567 139,217 84 7020 11999 415 26,684 33,078 193 93,863 94,140 03
Other hepatitis” and 26,513 27,870 4.9 1525 2408 367 5,682 6,778 16-2 19,306 18,684 -3.3

neonatal tetanus

* Infectious diarrhea here does not include cholera, dysentery, typhoid and paratyphoid fever.
# Other hepatitis includes hepatitis A, hepatitis C, hepatitis D, hepatitis E, and unidentified hepatitis. Relative reduction (%) = 100% x (average annual number of cases during 2015-2019 - number of cases in 2020)/average
annual number of cases during 2015-2019. HFRS: Hemorrhagic fever with renal syndrome. AIDS: Acquired immune deficiency syndrome.

0 32 ny [ ‘wq [ ‘ovix [

782001 (1Z0Z) 21 2Y1o0d uldisap) - y3|pay [puoi3ay 120un7 ayJ



J. Xiao, J. Dai, J. Hu et al.

i D B s
b ,‘»5
b H—?\ Shaoguan );" PN
556 { 4
L o J\f"’\/‘,’\’/“’}\l\ b Le?
P N f4¥e b Y
7y Qingyuan } {  Meizhou l
\ L &l Heyuan (* o /JJ' (
729 )f qmmuy
«f znaoqmg 5 2%>>
S Guangzhou i ‘\ “;’les;nssh(;u‘ 9
‘v) s sg4 ulz ou jvf\
s an /éhanwem i
j Yontu 5l

gongguah,

35 L
e VVL %isﬁnm;wé i(, feg v

P ﬂ 2
IS g el Jiangmen
aafi Lf 2
1 Maoming / Yangjiang q b ~
PR 314 [ 605 %\/%j;, 2 w P

f [y (
o & iwﬁf
= Sl ooy
4
Zhanpangjfj
| 38 FY)

0 150 300 KM
| ] |

The Lancet Regional Health - Western Pacific 17 (2021) 100282

2015-2019

L N Y

{(«v\,\ \i‘/
Shaoguan
d
ngyuan A\
4

)
j Zhaoqlng

1246

y.

rM

S
Melzhou h

Heyuan 2 r;ff‘?
064 thuzllou

35
Jleyang <
g gn a«f’/i d
 Shanwei-,

%é SMaommg { Yanguang

391 &

? ‘*;;u( YZ;"'

Incidence (1/100000)

[ T

Q N\ N
\} N Q
S &3

N
N

Vi

Figure 1. The spatial distribution of the incidence of 39 notifiable infectious diseases in 2020 and during 2015-2019 in Guangdong Province of China

dengue fever (90-1%), scarlet fever (77-2%), pertussis (70-1%), hand-
foot-and-mouth disease (64-2%) and mumps (44-8%). Detailed in-
formation on each NID is shown in Table S4.

Figure 1 shows the spatial distribution of NID incidence in 2020
and 2015-2019 in Guangdong. The overall incidence of NIDs in
2020 in Guangdong Province was 520 per 100,000. We found that
all 21 cities had much lower NID incidences in 2020 than in 2015-
2019, and cities in the Pearl River Delta, such as Shenzhen, Zhuhai,
Zhongshan, and Guangzhou, had larger reductions than the other
cities in Guangdong.

3.2. Comparison between the observed NIDs and the expected NIDs
in 2020

Figure 2 describes the temporal trend of observed and expected
weekly counts of NIDs in Guangdong. During 2015-2019, the num-
bers of observed NIDs showed a slight increase with seasonal fluc-
tuations, dropped dramatically in the first 7 weeks of 2020, and
then rose gradually (Figure 2A). However, the observed numbers
were much less than expected during the majority of the weeks
of 2020, especially for intestinal infectious diseases, natural fo-
cus and insect-borne infectious diseases, and respiratory diseases
(Figure 2B). The results for each specific NID and age- and sex-
specific group are presented in Figure S2 and Figure S3.

Table 2 shows the relative reduction of NIDs after level 1 re-
sponse implementation on 23 January 2020 in Guangdong. Over-
all, the observed number in 2020 was 65-6% (95%Cl: 64-0%-68-2%)
lower than expected, which means 982,356 (95%Cl: 913,443-
1,105,170) cases were averted (Table S5). We found similar de-
creases for females (68-0%, 95% CI: 65-6%-71-6%) and males (64-0%,
95% ClI: 61.6%-67-5%) and a much larger reduction for children
(82-1%, 95% CI: 80-4%-84-9%) than for adults (38-2%, 95% CI: 35-3%-
42.0%) and the elderly (26-2%, 95% CI: 23-1%-30-2%). For different
categories of NIDs, natural focal diseases and insect-borne infec-

tious diseases had the greatest reduction (89-4%, 95% Cl: 87-2%—
94.1%), followed by respiratory infectious diseases (87-4%, 95% CI:
85.6%-93-1%), intestinal infectious disease (59-4%, 95% ClI: 56-3%—
66-4%), and blood-borne and sexually transmitted infections (18-2%,
95% CI: 16-0%-21-0%). For specific NIDs, the five NIDS with the
largest reduction were dengue fever (99-3%, 95% CI: 99-1%-99-6%),
influenza (95-1%, 95% Cl: 94.3%-97-4%), pertussis (90-3%, 95% CI:
89.5%-91.9%), scarlet fever (86-0%, 95% Cl: 84-6%-88-7%) and hand-
foot-and-mouth disease (76-2%, 95% Cl: 73.0%-82-4%).

During different levels of response, the reductions varied. Over-
all, the reduction was greater in response level 2 (71-8%, 95%
Cl: 68-7%-75-8%) than in response level 3 (64-6%, 95% Cl: 62-6%—
67-9%) and response level 1 (57-9%, 95% ClI: 50-9%-66-1%), with a
similar pattern for males and females. Among the different age
groups, children had the same pattern as the total population,
while adults and the elderly had a slowed reduction rate from a
level 1 response to a level 3 response. For different NIDs cate-
gories, intestinal infectious diseases and respiratory diseases fol-
lowed the reduction pattern of overall NIDs, while natural focal
diseases and insect-borne infectious diseases had a much larger
reduction in level 3 response (91.9%, 95% CI: 90-1%-95.7%) than
that in level 1 response (59-7%, 95% Cl: 50-0%-77-5%) and level
2 response (55-6%, 95% Cl: 49-5%-68-9%), and blood-borne and
sexually transmitted infections had a stepwise reduction from
level 1 response (45-4%, 95% Cl. 40-6%-50-8%), level 2 response
(27-9%, 95% Cl: 23-6%-32-8%) to a level 3 response (12-5%, 95%
Cl: 9-7%-16-2%).

We found that a larger reduction in NIDs occurred in the re-
gions that had higher economic development or had a higher
number of COVID-19 cases (Figure 3). The developed cities in the
Pearl River Delta (i.e.,, Guangzhou, Shenzhen, Foshan, Dongguan,
Zhongshan, Zhuhai) had larger reductions than developing cities
such as Qingyuan, Heyuan, Yangjiang and Chaozhou (Figure 3A
and Figure 3B). Spearman’s correlation analyses show that the
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Figure 2. The weekly counts of observed NIDs during 2015-2020 (A) and the comparison of observed NIDs with expected NIDs (B) in 2020 in Guangdong Province, China

reduction in 21 cities was positively correlated with the number
of COVID-19 cases reported in the city (r = 0-53, P value < 0.05).

3.3. NPIs against COVID-19

In 2020, a total of 2,046 confirmed cases of COVID-19 were re-
ported in Guangdong, including 375 local cases, 1,021 cases im-
ported from other provinces, and 650 cases imported from other

countries or regions. Figure 4 presents the epidemic curve of
COVID-19 in Guangdong in 2020.

Guangdong reported the first COVID-19 case on 14 January
2020, and the province initiated a level 1 emergency response on
23 January 2020. A series of NPIs had been implemented, including
provincial border quarantine to prevent cases from Hubei Province,
mandatory quarantine at designated sites for close contact, social
distancing, and face mask-wearing in public (Figure 4). In addition,
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Table 2
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The relative reduction (%) of observed number of NIDs during weeks 4-53 compared with the expected in Guangdong Province of China in 2020

Notifiable infectious diseases

Weeks 4-53 (95% CI)

Weeks 4-8 (95% Cl)

Weeks 9-19 (95% CI)

Weeks 20-53 (95% CI)

Overall 656 (64-0- 68-2) 579 (50.9- 66-1) 71.8 (687 - 75-8) 646 (62:6 - 67-9)
Gender

Male 64.0 (61.6 - 67-5) 581 (482 - 68-1) 69-8 (65-3 - 75-3) 629 (60.0 - 67-2)
Female 680 (65-6 - 71-6) 57-6 (465 - 69-1) 746 (70-4 - 79.9) 67-1 (642 - 71-5)
Age group

Children (0-14 years) 821 (804 - 849 624 (500 - 76.0) 895 (873 - 92.4) 81-8 (79-8 - 85-1)
Adults (15-64 years) 382 (353 - 42.0 515 (437 - 59-6) 49.2 (43.7 - 55.4) 32.6 (28:6 - 37-6)
The elderly (65- years) 262 (231 - 30-2 46-0 (38-1 - 54-4) 35.3 (292 - 42.3) 205 (164 - 25.6)
Intestinal infectious disease 59.4 (56-3 - 66-4 68-4 (60-5 - 77-2) 75-2 (70-8 - 82-0) 55.0 (50-7 - 64-2)
Hand-foot-and-mouth disease 762 (73-0 - 824 757 (65-5 - 87-0) 96-5 (95-1 - 98.0) 73-1 (69-0 - 80-6)
Infectious diarrhea* 37.5 (328 - 448 684 (599 - 77-6) 585 (513 - 67.9) 21.7 (145 - 32.0)
Acute hemorrhagic conjunctivitis 474 (44-2 - 52-1 35.6 (21-6 - 51-1) 579 (52-2 - 64.7) 452 (411 - 51.0)
Others 21.5(17.3 - 274 233 (9-0 - 38.0) 314 (233 - 41-3) 186 (13-1 - 25.9)
Respiratory infectious disease 87-4 (85-6 - 93-1 71.4 (56-4 - 91-6) 92.7 (90-5 - 97-2) 86-8 (84-5 - 93.6)
Influenza 951 (943 - 974 76-1 (613 - 93.5) 98.0 (973 - 99-3) 964 (95-6 - 98-4)
Pulmonary tuberculosis 64 (3-:2 -10-1) 18.7 (10-0 - 27-8) 13.5(7-3 - 20.3) 1.8 (-2:2 - 6:5)
Mumps 51.8 (497 - 54.5 43.2 (35-3 - 51.7) 67-8 (64-8 - 71-2) 48.0 (45-2 - 51.5)
Scarlet Fever 86.0 (846 - 887 847 (79-6 - 89-8) 93.7 (924 - 95-4) 822 (797 - 86-6)
Pertussis 903 (89:5-919 55.8 (412 - 712) 855 (82:6 - 89:5) 94.9 (943 - 95.9)
Others 852 (833 - 889 75-8 (667 - 85-3) 926 (90-8 - 95-3) 822 (793 - 87-8)
Natural focal diseases and insect-borne infectious diseases  89-4 (87-2 - 94-1 59.7 (50.0 - 77.5) 55.6 (49-5 - 68.9) 91.9 (90-1 - 95.7)
Dengue fever 993 (99:1 - 99-6 917 (86:5 - 97.0) 972 (962 - 98.7) 994 (993 - 99.7)
HFRS 360 (286 - 486 65-7 (50-0 - 80.0) 45.3 (31.9 - 62.7) 232 (11.7 - 40-8)
Human brucellosis 189 (9-7 - 34.7) 219 (-13-6 - 54.5) 30-3 (13-8 - 52.0) 113 (-1-5 - 31-8)
Others -9.9 (-22:4 - 10-9) 5.9 (-33:3- 48.4) 289 (86 - 52.9) -19.9 (-36-0 - 6-3)
Blood-borne and sexually transmitted infections 182 (16-0 - 21.0) 45.4 (40-6 - 50-8) 27.9 (23-6 - 32.8) 12.5 (97 - 162)
Syphilis 146 (7-4 - 26.9) 47-3 (30-0 - 65-6) 263 (12:3 - 45.4) 8.6 (-0-8 - 24)
Gonorrhea 154 (12.0 - 19-5) 53.8 (479 - 59-8) 40-4 (35-5 - 45.9) 4.7 (0 - 10-3)
AIDS 197 (167 - 23-4) 41.5 (343 - 49-1) 22:9 (16:5 - 29.7) 165 (128 - 21-2)
Other infectious diseases 8.5 (5-8 -11.9) 40-1 (34-1 - 46.4) 19.7 (14.5 - 25.7) 0.6 (-3-1- 5.0)
Hepatitis B 7-8 (45 -11.8) 40-1 (32-8 - 47-4) 19-1 (12-7 - 26.3) -0-2 (-46 - 5-1)
Other hepatitis” and neonatal tetanus 11.7 (8-5 - 15.5) 403 (33-2 - 47-4) 224 (163 - 29:-1) 4.2 (0-91)

* Infectious diarrhea here does not include cholera, dysentery, typhoid and paratyphoid fever.
# Other hepatitis includes hepatitis A, hepatitis C, hepatitis D, hepatitis E, and unidentified hepatitis. HFRS Hemorrhagic fever with renal syndrome. AIDS: Acquired
immune deficiency syndrome Relative reduction (%) = 100% x (number of expected cases - number of observed cases)/number of expected cases.

the start date of the spring semester for middle school, primary
school, and kindergarten was postponed to 27 April, 11 May, and 2
June in 2020, respectively.

Due to the effective control of COVID-19, Guangdong resumed
work on 6 February and downgraded the emergency response to
level 2 on 24 February 2020. During this period, residents from or
with a history of travel to overseas countries and territories needed
to be quarantined for 14 days and receive health management. In-
ternational flights were subsequently cut down, and travel was re-
stricted to a specific airline.

Since 8 May 2020, as the local epidemic had been contained,
the emergency response was downgraded to level 3, which is
called the regular prevention and control phase. During this period,
schools returned to a normal routine, but travel-related and case-
based NPIs continued to be implemented. However, some NPIs had
been alleviated. The implementation of the main NPIs is illustrated
in Figure 4.

4. Discussion

A series of aggressive and timely NPIs were implemented by
the Chinese government after the COVID-19 outbreak, which was
proven to be associated with successful control of the epidemic in
China [24-26]. As an unprecedented pandemic in the last century,
the COVID-19 pandemic has exerted an extensive and profound
negative influence on human society [4,27,28]. In the present
study, using NIDSS data in Guangdong, we found that during the
COVID-19 epidemic in 2020, non-COVID-19 NIDs declined signifi-
cantly.

The observed NIDs in 2020 decreased dramatically compared
to both the mean NID cases per year during 2015-2019 and the

expected NIDs in 2020. This finding was consistent with a study
in the Taiwan region [10]. Some hospital-based studies also re-
ported similar results [8,29]. A possible reason could be the aggres-
sive NPIs against COVID-19 implemented in Guangdong since early
2020. Most of those NPIs, such as social distancing, school closure,
mask-wearing, and travel restriction, blocked the transmission of
other infectious diseases, bringing the co-benefits of NIDs. How-
ever, the magnitude of reduction in Guangdong was much higher
than that in the Taiwan region (10-5% reduction) [10] or main-
land China (25-5% reduction). This may be attributed to stricter and
more aggressive NPIs implemented by Guangdong because Guang-
dong reported the largest number of confirmed cases of COVID-
19 in the early epidemic (1,490 cases as of 31 March 2020) out-
side Hubei in mainland China and faced continuous importation
risk of COVID-19 across 2020. In addition, we observed a greater
reduction in NIDs in the Pearl River Delta than in other cities in
Guangdong because the Pearl River Delta was heavily attacked by
COVID-19, and local governments implemented stricter NPIs than
other regions in Guangdong.

We further found the largest reduction in NIDs in children
(0-14 years). It is well known that children contribute to a ma-
jor proportion of several NIDs, such as hand-foot-and-mouth dis-
ease, influenza, mumps, and scarlet fever, and these NIDs are
transmitted mostly by personal contact or by air [30]. During the
emergency response, schools and kindergarten were closed un-
til May 2020 in Guangdong (Figure 4), and children paid more
attention to personal hygiene, which may decrease the cases of
NIDs related to children. This result was in line with the find-
ings of previous studies [31,32], which highlights the importance of
school closure for infectious disease prevention and control among
children.
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Figure 4. The epidemic process of COVID-19 and synchronous nonpharmaceutical interventions in 2020 in Guangdong Province, China

We also observed a significant decrease in natural focal diseases
and insect-borne infectious disease, followed by intestinal infec-
tious disease and respiratory infectious disease, and only a slight
decrease was observed for blood-borne and sexually transmitted
infections. The various reductions for different NID categories may
depend on the extent of transmission routes impacted by NPIs. For
example, dengue fever in natural focal diseases and insect-borne
infectious diseases was reduced the most, and the main reason for
this may be strict border restrictions and quarantine, which de-
crease cross-border international movement. We observed that the
flow of international flights arriving in Guangdong in 2020 was re-
duced by 83-1% in 2020 (Figure S4), the average annual number

of imported dengue cases dropped from 387 during 2015-2019 to
45 in 2020, and most of the imported cases were managed at the
quarantine sites. Generally, dengue in Guangdong remains a sea-
sonal disease occasionally triggered by imported dengue viruses
in travellers [33]. Due to the large reduction in imported cases in
2020, the risk of local transmission of dengue in Guangdong de-
creased. This finding suggests that border quarantine may be help-
ful to prevent dengue outbreaks in Guangdong.

For intestinal infectious diseases, the incidence of hand-foot-
and-mouth disease was reduced most significantly. Children are
vulnerable to hand-foot-and-mouth disease [34]. Because of school
closure extension during level 2 response in Guangdong, children
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spent less time in public and person-to-person contact with other
children was also substantially reduced; in addition, children paid
more attention to their personal hygiene, such as washing hands
more frequently, which may decrease the risk of being infected
with hand-foot-and-mouth disease. We also found a large reduc-
tion in respiratory infectious disease, especially of influenza, which
is in line with previous studies [7,35]. Influenza infects people
by droplet or contact [36], which is similar to COVID-19, and the
implementation of some NPIs, such as wearing masks, washing
hands, school closure and social distancing, may lead to a decrease
in airborne diseases such as influenza. We found that the blood-
borne and sexually transmitted infections had a reduction of 18-2%,
which varied from previous findings [10,37]. For instance, Lai et al.
observed that the incidence of sexually transmitted diseases was
6.7% higher in 2020 than in 2019 [10]. Our findings suggest that
NIPs against COVID-19 may also have a positive impact on sexually
transmitted diseases.

In 2020, the public’s behaviours changed greatly to comply
with NPIs. During the level 1 and 2 emergency responses, people
avoided going to crowded places, stayed at home as much as possi-
ble, used face masks more often, and paid more attention to hand
washing, according to two surveys [38,39]. For instance, the rates
of using face masks in the period of the emergency response were
high, ranging from 83.7% to 97.0% [39,40]. These findings suggest
that the population in Guangdong has high protection awareness
and action against COVID-19, which results in a lower risk of being
infected by other NIDs.

In the level 3 emergency response, due to the effective control
of COVID-19, Guangdong restarted various social and economic ac-
tivities [41], and people engaged in more travel and social activ-
ity, which increased interpersonal contacts and transmission risk
of other NIDs, which may explain why the reduction of some NIDs
during the level 3 response decreased relative to the level 1 or 2
response. In our study, we observed the largest reduction in inci-
dence for the 39 NIDs during the level 2 response but not during
the level 1 response, possibly because NPIs have a delayed effect
on controlling infectious diseases.

Based on a population of more than 126 million, the present
study comprehensively investigated the spatial and temporal ef-
fects of NPIs against COVID-19 on other NIDs, which indicates
the demographic and disease-specific characteristics of the effect.
However, several limitations should be mentioned. First, during the
COVID-19 epidemic, some people with NID infection may have hes-
itated to visit hospitals owing to the fear of COVID-19 infection, or
some medical institutions may not have been operating regularly,
and these changes may lead to underreporting for some NIDs. Sec-
ond, the seasonality of several NIDs varied by year, which may lead
to challenges for modelling the expected incidence. Third, the im-
pact of NPIs on NIDs in this study is indirect due to its ecological
study design, and further study based on a rigid research design
is needed to determine causal inference in the future. Finally, the
NPIs in Guangdong were strict, especially during the level 1 re-
sponse period, which may limit the extrapolation of our findings to
other countries or regions where strict NPIs were not carried out.
However, based on our findings during the level 3 response, even
less strict NPIs may also have great benefits for infectious disease
prevention and control.

In conclusion, our study suggests that NPIs (including border
restrictions, quarantine and isolation, community management, so-
cial distancing, face mask usage, and personal hygiene) against
COVID-19 may have a large co-benefit on the prevention of other
NIDs in Guangdong, China, and the effects have heterogeneity
in populations, diseases, time and space. This finding highlights
the importance of NPIs against NIDs, and some NPIs should be
priorities for controlling respiratory infectious diseases (e.g., in-
fluenza), vector-borne infectious diseases (e.g., dengue), and in-
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testinal infectious diseases (e.g., hand-foot-month disease) in the
future.
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