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Resurgence of scarlet fever in China: a 13-year population-based
surveillance study

Yonghong Liu*, Ta-Chien Chan*, Li-Wei Yap, Yinping Luo, Weijia Xu, Shuwen Qin, Na Zhao, Zhao Yu, Xingyi Geng, She-Lan Liu

Summary

Background A re-emergence of scarlet fever has been noted in Hong Kong, South Korea, and England, UK, since
2008. China also had a sudden increase in the incidence of the disease in 2011. In this study, we aimed to assess the
epidemiological changes before and after the upsurge. We also aimed to explore the reasons for the upsurge in
disease in 2011, the epidemiological factors that contributed to it, and assess how these could be managed to prevent
future epidemics.

Methods In this observational study, we extracted the epidemiological data for all cases of scarlet fever between
2004 and 2016 in China from the Chinese Public Health Science Data Center, the official website of National Health
Commission of the People’s Republic of China, and the National Notifiable Infectious Disease Surveillance System.
These data had been collected from 31 provinces and regions in China and included geographical, seasonal, and
patient demographic information. We used descriptive statistical methods and joinpoint regression to examine the
spatiotemporal patterns and annual percentage change in incidence of the upsurge of disease across China.

Findings Between Jan 1, 2004, and Dec 31, 2016, 502723 cases of scarlet fever, with ten fatalities, were reported in
China, resulting in an annualised average incidence of 2-8807 per 100000 people. The annual average incidence
increased from 1-457 per 100 000 people in 2004 to 4 -7638 per 100000 people in 2011 (incidence rate ratio [IRR] 3-27,
95% CI 3-22-3-32; p<0-0001), peaking in 2015 (5-0092 per 100000 people). The annual incidence after the 2011
upsurge of scarlet fever, between 2011 and 2016, was twice the average annual incidence reported between 2004 and
2010 (4-0125 vs 1-9105 per 100000 people; IRR 2-07, 95% CI 2-06-2-09; p<0-0001). Most cases were distributed in
the north, northeast, and northwest of the country. Semi-annual patterns were observed in May-June and
November—-December. The median age at onset of disease was 6 years, with the annual highest incidence observed in
children aged 6 years (49-4675 per 100000 people). The incidence among boys and men was 1-54 greater than that
among girls and women before the upsurge, and 1-51 times greater after the upsurge (p<0-0001 for both). The
median time from disease onset to reporting of the disease was shorter after the upsurge in disease than before
(3 days vs 4 days; p=0-001).

Interpretation To our knowledge, this is the largest epidemiological study of scarlet fever worldwide. The patterns of
infection across the country were similar before and after the 2011 upsurge, but the incidence of disease was
substantially higher after 2011. Prevention and control strategies being implemented in response to this threat include
improving disease surveillance and emergency response systems. In particular, the school absenteeism and symptom
monitoring and early-warning system will contribute to the early diagnosis and report of the scarlet fever. This
approach will help combat scarlet fever and other childhood infectious diseases in China.

Funding National Key R&D Plan of China Science and key epidemiological disciplines of Zhejiang Provincial Health
of China.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction and Europe (eg, the UK in 2014"). To date, the studies of

Scarlet fever is a bacterial infection caused by Streptococcus
pyogenes (group A streptococcus)' that usually affects
children aged 5-15 years. Scarlet fever was a common
childhood disease in the 18th and 19th centuries
throughout Europe and the USA.? However, the incidence
of scarlet fever declined in the 20th century with the use
of effective antibiotics, along with improvements in
hygiene and nutrition.** In the past decade, there was a
sudden increase in the incidence of the disease in several
countries and areas, including in Asia (eg, Vietnam in
2009, Hong Kong in 2011, and South Korea in 2015°)
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these outbreaks have been small, but overall they have
shown that children younger than school age (ie, younger
than 10 years) have the greatest risk of infection, and that
seasonal patterns and group A streptococcus emm gene
types are varied.

After implementation of the expanded programme on
immunisation in 1978 and the enlarged national
immunisation programme in 2008, the morbidities of all
childhood vaccine-preventable infectious diseases in
China decreased.® By contrast, reports of scarlet fever,
which does not have a vaccine, have shown a substantial
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Research in context

Evidence before this study

We searched PubMed with the keywords “scarlet fever”,
“epidemiology”, “surveillance”, “outbreak”, “re-emergence”, and
“Group A streptococcus” for all journal articles written in
English before Jan 31, 2018. Scarlet fever epidemics have been
increasingly reported in east Asia (ie, Vietnam, Hong Kong,
South Korea, and China) and Europe (England, UK) since 2008.
One study indicated that England was having a sudden and
widespread increase of scarlet fever, with the highest incidence
of the disease in nearly 50 years. However, these reports have
assessed epidemiological parameters in a small population, and
so have insufficient power to compare changes in the incidence
of the disease after its re-emergence.

Added value of this study

To the best of our knowledge, there have been no complete,
systematic, multiregional, and comprehensive investigations of
the increasing pattern of scarlet fever across China or
epidemiological changes after the 2011 upsurge completed to
date. This childhood disease started to surge in 2011 and to
occur at increased incidence for 6 consecutive years, with an

increase in the past 7 years in China.” The reasons for
this increase could include microbial, host, and
meteorological factors. Unlike other countries that have
also had an upsurge, China had a sudden increase in the
number of susceptible children as a result of the partial
two-child policy in 2011 and the universal two-child policy
in 2015."? These changes resulted in a substantial
increase of 1 million births from 2015 to 2016.” As such,
scarlet fever is an increasing threat to the growing child
population in China.

In response to the 2003 severe acute respiratory
syndrome (SARS) outbreak, China established the
National Notifiable Infectious Disease Surveillance
System (NNIDSS) for 39 infectious diseases.’ Scarlet
fever is the only group A streptococcal disease recorded
in the NNIDSS to date. In this Article, we describe the
epidemiological patterns of scarlet fever in China from
2004 to 2016, focusing on the changes in the disease
patterns before and after the upsurge in 2011. To our
knowledge, this is the largest epidemiological study that
has been done on scarlet fever worldwide.

Methods

Case definitions and data sources

The Chinese Government established an internet-based
NNIDSS in 2003. To date, this surveillance system covers
a population of 1-3 billion people from 31 provinces and
regions in China.’ 39 notifiable infectious diseases are
monitored by use of this surveillance system and they are
divided into three categories—classes A, B, and C—all of
which must be reported within a specified timeframe. All
class A infectious diseases and the class B diseases
pulmonary anthrax and SARS should be reported to the

annual percentage change of 9% (95% Cl 4-1-14-1) in the whole
of China. The incidence of scarlet fever was twice as high after
the upsurge. Increased incidence was identified throughout
China, and the fastest increases were seen in Hainan,
Guangdong, and Hunan Provinces in the south of China.

Implications of all the available evidence

The re-emergence of scarlet fever has become a great challenge
for the Chinese Government. Since partial relaxation of the
one-child policy in 2011 and then the universal two-child policy
in 2015, the child population, which is the most susceptible to
this disease, increased by 1 million in 2016. Considering the
findings of this study, effective prevention and control
strategies should be expanded for childhood diseases that
cannot be prevented with a vaccine—eg, scarlet fever,
infectious diarrhoea, and acute haemorrhagic conjunctivitis.
The Chinese Government now has the ability to enforce
school-based absenteeism and symptom surveillance and
early-warning systems for these infectious diseases, and to
prepare additional medical resources to respond to this
potential threat in the future.

surveillance system within 2 h of diagnosis, whereas the
other class B and the class C infectious diseases should
be reported within 24 h. Scarlet fever is a class B notifiable
infectious disease in China. The definitions for probable,
clinical, and laboratory-confirmed infections of scarlet
fever should meet the criteria issued by the Ministry of
Health of the People’s Republic of China (appendix
pp 1-4).

According to the 2004 Chinese Infectious Diseases
Law, clinicians must complete a standardised infectious
diseases card and report to the NNIDSS when they
identify any probable, clinical, or laboratory-confirmed
case of scarlet fever within 24 h of diagnosis. The local
epidemiologist will do a field investigation once they
have received the disease card using a standardised form,
which includes basic demographic information (sex,
date of birth, occupation, and living address); case
classification; date of symptom onset, diagnosis, and
death (if applicable); and clinical outcome. The
epidemiologist then records their investigational data in
the NNIDSS once they have finished their field
investigation.

Data extraction
In this observational study, we extracted data from the
Chinese open access notifiable infectious disease report
database (available from the Chinese Public Health
Science Data Center and the official website of National
Health Commission of the People’s Republic of China®)
and from the NNIDSS covering the period from
Jan 1, 2004, to Dec 31, 2016.

This study was done according to the principles and
guidelines of the Declaration of Helsinki, and was
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approved by the Research Ethics Committee of the
Zhejiang Provincial Center for Disease Control and
Prevention. All initial information identifying patients
was anonymised in this study.

We extracted data on scarlet fever, including the
number of cases and deaths, the incidence and mortality
for scarlet fever, and patient data on age, sex, and date of
disease onset, diagnosis, and death (if applicable). We
collected all data available for the study period and no
exclusion criteria were used. We stratified the data by
31 provinces and areas and, to assess the epidemiological
features of the disease, we substratified the study period
into timeframes before (2004-10) and after (2011-2016)
the upsurge of disease. Population data are from the
National Bureau of Statistics of the People’s Republic of
China and are updated at the end of every year.

Statistical analysis

We defined the incidence (per 100000 people) as the
number of annual cases divided by the population size.
We defined mortality (per 100000 people) as the
number of fatalities per year divided by the total
population. The case—fatality rate (per 100 people) was
the number of annual deaths divided by the number of
annual cases.

We estimated the incidence rate ratio (IRR) as the
mean incidence for the period 2011-16 divided by the
mean incidence for the period 2004-10, and their
95% Cls were estimated by use of the method proposed
by Armitage and Berry.* To analyse the spatiotemporal
pattern of the incidence of scarlet fever, we used the ring
map toolbox in ArcGIS 10.2 (Esri Inc, Redlands, CA,
USA). To observe the seasonality in each province or
area, we first standardised the monthly incidence of
scarlet fever for different areas and then applied a radar
chart to display the z score of incidence in each area by
using R package fmsb.” Each radar chart has 12 spikes
representing the 12 months of the year, and different
colours indicate different years.’

We used Joinpoint regression software (version 4.5.0.1;
appendix p 5), developed by the National Cancer Institute,
to examine the annual percentage change of the crude
incidence rate from 2004 to 2016.° We used the t test to
assess whether an annual percentage change was
significantly different from zero; p values were from a
two-sided test, with a value of 0-05 indicating
significance. We used a parametric method as joinpoint
regression (parametric and empirical quantile types) to
calculate the 95% CIs. In describing patterns, an increase
or decrease is proven when the slope of annual
percentage change is significant (p<0-05). A stable trend
refers to a non-significant annual percentage change
(p=0-05). We used the ¥2 test to compare the different
proportions of infected people by sex, year, and
occupation. We used a Mann—-Whitney U test to compare
the time intervals between the two epidemic periods
(2004-10 and 2011-16).
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Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

From Jan 1, 2004, to Dec 31, 2016, 502723 cases of scarlet
fever were reported, resulting in an annualised average
incidence of 2-8807 per 100000 people (table). In 2004,
when national surveillance started, the average incidence
of scarlet fever in the 31 provinces and areas monitored
was 1-457 per 100000 people and the first upsurge in
cases occurred in 2011, with a significantly higher
incidence of 4-7638 per 100000 people (IRR 3-27, 95%
CI 3-22-3-32; p<0-0001; figure 1A). After the upsurge in
2011, the annual incidence of scarlet fever remained
higher than average (calculated across the whole period
2004-16), except for in 2013 (figure 1A). The highest
incidence of scarlet fever was observed in 2015 (5-0092
per 100000 people), which then decreased slightly in
2016 (4- 3247 per 100000 people; figure 1A). In the period
after the upsurge of the disease, 2011-16, the average
incidence per year was twice that of the period 2004-10
(4-0125 vs 1-9105 per 100000 people; IRR 2-07, 95% CI
2-06-2-09; p<0-0001; table).

Nationally, people became infected with scarlet fever
throughout the year, with semi-annual seasonal peaks
(figure 1B). The first seasonal pattern started in February,
at the time when the spring semester began in schools.
The number of cases then peaked in May and June, and
decreased in July and August. The second seasonal
pattern was observed beginning in early September, when
the autumn semester in schools started. Disease activity
then increased to a second peak in November and
December. The incidence of scarlet fever clearly decreased
during the school holidays in spring (January-February)
and summer (July-August; figure 1C).

We divided the 31 provinces into seven geographical
areas to identify the different seasonal patterns by use of
radar charts (appendix pp 6-12). In northern China, the
two periods in which the incidence of scarlet fever clearly
increased were November—-December and May-June. In
central and eastern China, two clear peaks in incidence
still existed, but the peak in winter was slightly later in
the year, in December—January. In southwest China,
there was only one increase in the incidence, in the
period of May-June. And in south China, Guangdong
and Guangxi provinces had a clearer two-peak pattern
during 2014-16 than did southwest China. Hainan
province, also in south China, had few cases of scarlet
fever, and subsequently the seasonality of the disease was
not clear. We used a heat map to show time series of
cases standardised by the proportion of annual cases.
The seasonal pattern in the heat map was similar to that
in the radar chart (appendix p 13).

For the Chinese National

Bureau of Statistics see http://

data.stats.gov.cn/english/
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Seasonal trends were similar in the periods before and
after the upsurge of scarlet fever incidence. However, the
incidence was much higher in the spring than in the
winter in 2005, 2007, 2008, and 2009. The magnitude of
seasonal rises were similar after the upsurge. During the
periods both before and after the upsurge, the highest
incidence of the year was seen in January, while the
smallest increase in IRR was seen in April compared
with all other months (appendix p 14).

Looking at the geographical distribution of scarlet fever
across China in 2004-16, cases were predominantly
reported in the north, northeast, and northwest of the
country. In the ring map (figure 2A), the northern areas

Autonomous Region (in a counter-clockwise direction)
had a pattern of steadily increasing scarlet fever incidence
from the innermost ring in 2004 to the outermost ring in
2016 (apart from the expected peaks for 2011 and 2015,
and in the Henan province where the annual incidence
remained steady at 0-01-3-25). Across the whole study
period, the provinces with a latitude higher than
334 degrees north had a higher annual incidence than
those at lower latitudes. The provinces or areas with the
highest average annual incidence between 2004 and 2016
were Beijing (14-0412 per 100000 people), Liaoning
province (9-7239 per 100000 people), and Ningxia Hui
Autonomous Region (9-5393 per 100000 people; table).

from the Jilin province to the Xinjiang Uygur By contrast, the provinces and areas in the south and

Number of Numberof  Annualised mean incidence (per 100 000 people) Incidence rate ratio Annvual percentage change (95% Cl);

cases deaths (95% CI) p value

2004-16 2004-16

2004-16 2004-10 2011-16

Beijing 34044 0 14-0412 10-9994 17-5901 1-60 (1-57 to 1-64) 31% (-4-3to 11-1); 0-40
Tianjin 12311 0 72411 5-152 9-6784 1-89 (1-82t0 1-96) 8-8% (3-9 to 13-8); <0-001
Hebei 30472 0 3-2687 21514 45723 2:13(2:08t0 218) 8:5% (2-2t0 15-3); 0-013
Shanxi 23466 0 5-1059 3-2866 7-2283 220 (2:14t0 2:26) 8-3% (2:3t0 14-6); 0-0102
Inner Mongolia 25973 0 81087 5-4855 11-1690 2:04 (1-98 to 2:09) 8-4% (3-1to 13-9); 0-0044
Liaoning 54680 1 9-7239 8696 10-9230 126 (12410 1-28) 2:3% (-3-1t0 8);0-38
Jilin 26486 0 7-4120 4-7225 10-5497 2-23(2-17t0 2-29) 8-4% (-1-1t0 18-8); 0-08
Heilongjiang 43555 4 87377 7-5102 10-1698 135(1-33t01-38) 2-7% (-4-4t010-3); 0-43
Shanghai 22610 0 77537 33433 12-8991 3-86 (3-73t03:99) 15:9% (6-9 to 25-7); <0-001
Jiangsu 18901 1 1-8620 12228 2-6077 2-14 (2-07 t0 2-20) 11.0% (5-6 to 16-7); <0-001
Zhejiang 17577 0 2:5342 1-4084 3.8477 274 (2-65t02-83) 13:9% (7-7 to 20-5); <0-001
Anhui 5556 0 0-7033 0-413 1.0420 2:53(2:39t02:68) 13-1% (7 to 19-5); <0-001
Fujian 3636 0 0-7533 0-4355 11240 2.59 (2-41t02:78) 13-1% (7-2 to 19-4); <0-001
Jiangxi* 511 0 0-0876 0-0377 0-1458 3-86 (3-13t0 4-75) 28-4% (15-5t0 42-7); <0-001
Shandong 37992 1 3-0323 13841 4-9552 3-59 (3-50 to 3-67) 17-9% (11-7 to 24-4); <0-001
Henan 13013 0 10594 0-7186 14571 2:03 (1.96 to 2-10) 8-8% (3-2to 14-8); 0-0051
Hubei 5852 0 0-7787 0-3876 12351 320 (3-:02t0 3-39) 17-3% (11-1 to 23-8); <0-001
Hunan 4865 1 0-5649 0-1918 1-0001 5-24 (4-87t0 5-64) 22:6% (135 to 32-4); <0-001
Guangdong 13853 0 1.0269 0-3537 1.8123 5-16 (4-93 to 5-40) 22-3% (15-9 to 29-1); <0-001
Guangxi 3877 0 0-6306 0-4725 0-8150 173 (1-62t0 1-85) 4-6% (-1-4 t0 10-9); 0-12
Hainan 39 0 0-0337 0-0052 0-0670 1334 (411to 43-33) 17-9% (5:9 to 31-3); 0-0063
Chongqing 4813 0 1.2721 0-9406 1-6588 178 (1-68t01-88) 7-0% (1-4to 12-9); 0-019
Sichuan 18461 0 1.7356 1-4671 2.0488 1-40 (1-36 to 1-44) 2-3% (-2-1t0 6-8); 0-28
Guizhou 6021 0 12892 0-8476 1-8044 2:13(2:02t02-24) 10-1% (6-4 to 14); <0-001
Yunnan 13611 1 2-2786 1-6027 3.0671 1-92 (1-85t0 1-99) 7-7% (3-:3t0 12-2); <0-001
Tibet 791 0 2:0485 1.658 2:5040 1:51 (131 to 1.74) 2-8% (-4-6 t0 10-7); 0-43
Shaanxit 15550 0 3.1821 20742 4-4746 2:16 (2:09 to 2-24) 62:4% (-0-2 to 164-2); 0-050
Gansu 10785 0 32003 22733 42819 1-89 (1-81t0 1-96) 8:3% (4-3 to 12:5); <0-001
Qinghai 3252 1 4-4469 40906 4-8627 119 (1-12t0 1-28) 2:6% (3-4t0 8-9); 0-38
Ningxia Hui Autonomous 7885 0 95393 5-4613 14-2970 2:61(2:48t02.74) 12:4% (6-8 to 18-3); <0-001
Region
Xinjiang Uygur Autonomous 22285 0 7-8001 51676 10-8713 2.09 (204 to 2-15) 10-2% (6 to 14-7); <0-001
Region
Overall 502723 10 2-8807 19105 4-0125 2-07 (2:06 to 2-09) 9-0% (4-1to 14-1); 0-002

*Annual percentage change was significant during 2004-14. tAnnual percentage change was significant during 2014-16.

Table: Annual incidence of scarlet fever by 31 surveillance provinces or areas in China, 2004-16
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Figure 1: The incidence and number of scarlet fever cases reported in China
(A) Number of cases and incidence by year. (B) Number of cases by month. (C) Incidence in school holidays.
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Figure 2: Spatiotemporal distribution of scarlet fever cases in China, 2004-16

(A) Annual incidence of scarlet fever per 100 000 people in the 31 Chinese provinces investigated. The 13 rings contain data for each year studied, with the innermost ring bearing data for 2004, and
moving outwards through the years to the outermost ring bearing data for 2016. (B) Choropleth maps of the average annual incidence of scarlet fever, by region, based on the annual incidence per

100000 people in China before (2004-10) and after (2011-16) the upsurge in the incidence of infections.

southeast maintained a low annual incidence. The areas We observed that people of all ages had been infected
and provinces with the lowest recorded average annual  with scarlet fever. The median age at onset of disease was
incidence between 2004 and 2016 were Hunan province 6 years (ranging from 4 days to 83 years; data not shown).
(0-5649 per 100000 people), Jiangxi province (0-0876 per The average annual incidence was highest among
100000 people), and Hainan province (0-0337 per children aged 6 years (49-4675 per 100000 people) and

100000 people).

was lowest among people aged 80-85 years (0-0096 per

The geographical distribution of scarlet fever was similar 100000 people; appendix pp 15-16).
before and after the 2011 upsurge, during which scarlet We analysed the pattern of reported scarlet fever
fever was predominantly distributed in the north, northeast, cases by the age and sex of the patients. Overall, the
and northwest of the country (figure 2B). The annual annual incidence was higher among men and boys
percentage change across the whole of China was 9-0% than among women and girls in all age groups (male-
(95% CI 4-1-14-1; table). The most substantial increasesin ~ to-female ratio 1-54 for before the upsurge and 1-51
incidence were in the southern regions, in the Hunan after the upsurge, p<0-0001 for both; figure 3A,
(22-6%, 13-5-32-4), Guangdong (22-3%, 15-9-29-1), and appendix p 17-19). The annual incidence among
Hainan provinces (17-9%, 5-9-31-3). Comparing the patients aged 0-2 years and 3-6 years peaked in 2011
incidence before and after the upsurge, the IRRs for all 31 and 2015 (figure 3B), whereas the incidence among
provinces are greater than 1, and range from 1-19 (95% CI  those aged 7-14 years peaked at three timepoints, in
1-12-1-28) in the Qinghai province to 13- 34 (4-11-43-33)in 2007, 2011, and 2015 (figure 3B). By contrast, the annual
the Hainan province. The variation in incidence in the incidence among those aged 15 years and older peaked
Hainan province is quite high because the region did not in 2008 for men and in 2007 for women and for both
report any cases of the disease for some years before the sexes in 2012, but the incidence after 2008 remained
upsurge, resulting in an unstable estimation of IRR over substantially lower for this age group than for the other

the period we were investigating (table).

908

age groups (figure 3B).
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At the time of the 2011 upsurge, the biggest increase in
the incidence of scarlet fever appeared to be among
children aged 7 years and younger. The most substantial

increase in incidence after the upsurge was among
children aged 3 years (IRR 3-25, 95% CI 3-18-3-33) and
4 years (3-25, 3-19-3-30; appendix pp 15-16). For
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Figure 3: Sex-specific distribution of scarlet fever cases by age in China, 2004-16
(A) Age and sex distribution of the number of cases of scarlet fever over the entire study period. The boxes represent the 50% of cases distribution and the lines

indicate the IQR. (B) The annualised average incidence, by patient age group and sex. The scale for those aged 15 years and older is from 0-1 because the average
incidence is so low.
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children of school age (ie, aged 7-14 years), the average
annual incidence in 2011-16 was double that in 2004-10
(figure 3B). In this age group, comparing the incidence
before and after the upsurge in disease, the greatest
increase in incidence was seen among children aged
7 years (IRR 2-25) and the smallest increase was seen
among those aged 10-14 years (IRR 1-38; appendix
pp 15-16). The incidence after 2011 was two times higher
in men than in women (appendix pp 17-19). However,
the male-to-female ratio between the two periods was
similar (1-54 vs 1-51; p=0-053; appendix pp 17-19).

Occupational data were available for 18911 patients
with scarlet fever. We divided these patients into two
groups: the child group (<15 years) and the adult group
(=15 years). 18663 patients were in the child group, of
whom 14761 (79-1%) attended kindergarten and school.
248 patients were in the adult group, of whom 63 (25 -4%)
were students and 54 (21-8%) were workers. The
occupational profile of patients who were reported to
have scarlet fever was similar before and after the
upsurge; although, the proportion of children in
kindergarten with the disease in the period was slightly
higher after the upsurge than before the upsurge
(45-63% vs 40-14%; p<0-0001), whereas the opposite was
true for pre-nursery-school age children (19-53% vs
25-21%; p<0-0001; appendix p 20).

During the study period, 502723 cases of scarlet fever
were reported in China, but only ten reported cases
resulted in death. There were no significant differences
in overall mortality (0- 0001 vs 0-000112 per 100 000 people
per year; p=0-953) and case-fatality rate (0-0023% vs
0-0018%; p=0-748) in the periods before and after the
2011 upsurge in the whole of China (appendix pp 21-22).

Of the ten fatal cases of scarlet fever, nine patients had
demographic information available. All nine patients
were aged 4-15 years, with a mean age of 8-5 years
(SD 4), and the group comprised six boys and three girls
(appendix p 23). The median number of days from onset
to diagnosis was 4 days (range 0-5), the median number
of days from onset to death was 7 days (range 1-28), and
the median number of days from diagnosis to death was
4 days (range 0-25). The median number of days from
onset to diagnosis, onset to report date, and diagnosis to
report date in the period after the upsurge of disease was
significantly shorter than it had been before the upsurge
(all p<0-05; appendix p 24). For clinically confirmed
cases, the median time from disease onset to reporting
the disease decreased from 4 days in 2004-10 to 3 days in
2011-16 (p=0-001; appendix p 24).

Discussion

Using a 13-year national surveillance dataset, we found
that the resurgence of scarlet fever in China started in
2011. To the best of our knowledge, this study has the
largest and most comprehensive population coverage of
any reported to date. Our study clearly shows patterns in
disease incidence across the years, including changes in

spatial and seasonal patterns, age-specific incidence, and
fatalities before and after the resurgence of the disease.

A substantial increase in the incidence of scarlet fever
has been seen in east Asia and the UK since 2008.***7
This study has shown that China also had a striking
increase in the incidence of scarlet fever in 2011 that
coincided with a resurgence of the disease in Hong Kong
and South Korea, whereas England did not have an
increase in incidence until 2014. In China, the average
annual incidence of scarlet fever in the period after the
upsurge, between 2011 and 2016, was double that
reported before the upsurge (2004-11). However, the
highest annual incidence in China, which was in
2015 (5-0092 per 100000 people; figure 1A), is much
smaller than the incidence seen in China during the
scarlet fever epidemic in 1958 (27-51 per 100000 people
per year).” Additionally, the highest incidence in China
in the current resurge of scarlet fever was much lower
than the incidences reported in the other countries
(eg, 33-2 per 100000 people in the UK;” 18-1 per
100000 people in Hong Kong;* and 13 -7 per 100 000 people
in South Korea®).

Although the predominant group A streptococcus emm
gene types are varied in China (emm12, emm1),*" South
Korea (emm3, emm28),° and England (emm3, emm12),"”
all these countries had the same challenges of scarlet
fever re-emergence. Scientists have found that one of the
possible causes of the scarlet fever upsurge is that
S pyogenes is expanding from a single clonal lineage to
multiclonal lineages."** In China, a report® has
indicated that the emml2 gene had highly diversified
clones with a high macrolide resistance. Furthermore,
the emm gene types and mobile elements were found to
be more dispersed geographically and annually than
previously thought.* The diversity in emm gene types
resulted in no cross-immunity to the new strains or
linkages circulating in China.

A second important reason for the upsurge in scarlet
fever in China was a natural cyclical pattern of scarlet
fever. In the mid-19th century, scarlet fever epidemics
were found to follow 4-year pattern, but this pattern
disappeared during the 20th century with the widespread
application of antibiotics. In China, over the past 66 years,
scarlet fever epidemics have had four stages, including
high incidence (1950-79), decrease (1980-94), low
incidence (1995-2010), and resurgence (2011-16).*
Through these four stages, the disease cycle has been
approximately every 6 years. The 2011 upsurge in the
incidence of scarlet fever could signal a return to a high-
incidence stage of the disease.” A third reason might be
an increased number of susceptible children in China
after the loosening of the one-child policy, which started
in 2011.** Consistent with this idea, the incidence of
childhood infectious diseases that are not preventable by
vaccine (eg, diarrhoea) has increased in the past 5 years.
Finally, improvements in early surveillance and warning
could have been contributed to by increased reporting, as
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has been seen with the increased diagnosis of infectious
diseases in China since the NNIDSS was created.””
However, the reasons for resurgence of scarlet fever in
Hong Kong, South Korea, and England cannot be fully
explained by these same factors, and further studies are
needed.

The annual incidence of scarlet fever in China varied
across the 31 provinces investigated, with the highest
incidences in the north, and the lowest incidences in the
south. This difference is due to several factors. First,
differences in meteorological effects could partly explain
the variation.” In northern China, people stay indoors
more with closed windows and doors during the cold
season (October—April), which leads to bad ventilation
and increases the chance of infection. Second, site-to-site
differences in risk factors might have been present, such
as long-term exposure to severe air pollutants in northern
regions, which could have been a risk factor for
infection.” Finally, group A streptococcus epidemiological
surveillance has shown that the proportion of group A
streptococcus emml2 gene type strains was gradually
replaced by emml gene types in some areas in the north
of China from 2011 to 2014, leading to minimal cross-
immunity.’**

Our age profiling of scarlet fever infections is
consistent with those from other countries, with scarlet
fever commonly affecting children younger than
10 years.***** The paucity of infections among children
younger than 6 months was most likely due to protection
through maternal antibodies. The highest incidence of
scarlet fever was found among children aged 6 years and
the pattern of increasing incidence was apparent in
children aged 3—4 years. This pattern could be partly
attributable to the paucity of herd immunity among
children aged 3-6 years to group A streptococcus
infection;* another cause could be restricted protection
conferred by antibodies toward the M protein, with little
cross-immunity toward other types of M protein.>**
Our findings indicate that boys and men have a higher
risk of infection than girls and women, in all age groups,
which could be attributable to more physical interactions
or poorer personal hygiene among boys than among
girls.” Thus, in the future, specific strategies and
measures should target preschool aged children and
boys.?

Scarlet fever was observed to have a dual seasonal
pattern in China, with different patterns in some regions.
Areas in the north and south of China had semi-annual
seasonal patterns peaking in May—-June and November—
December, whereas areas in southwest China had only
one peak in May-June. Geographical differences in
seasonal patterns could have been associated with
climatic and demographic factors. Our study indicated
that the incidence of scarlet fever decreased substantially
during school holidays in China. The seasonal patterns
in China were similar to those in Hong Kong and South
Korea, but different from those in Poland (which peaked

www.thelancet.com/infection Vol 18 August 2018

in January and March) and England (which peaked in
February-March)."*** The length and timing of the
school holidays might have contributed to the different
seasonal patterns in east Asia and Europe.

Scarlet fever was a major cause of death for children in
the 18th and 19th centuries, when mortality from scarlet
fever was as high as 30%,"** but since this period scarlet
fever has become a milder disease, and rarely results in
death.**** Possible reasons for this reduction in mortality
are the introduction of effective antibiotics and improve-
ments in diagnosis and treatment.”” Fatalities due to
scarlet fever in China have become quite rare, with
case—fatality rates of 0-0023% in the period 2004-10 and
0-0018% in the period 2011-16. For those patients who
died, older age (mean 8-5 years) and delayed diagnosis
(median 4 days since disease onset) could have
contributed to the mortality risk. However, co-occurring
diseases could also be a contributing factor to mortality
risk, as discussed by Lau and colleagues’ in their report of
the scarlet fever outbreak in Hong Kong in 2011,” in
which two children with scarlet fever died who had
underlying medical illnesses (co-infected with
chickenpox). Generally, in the current phase of the
disease in China, although the number of scarlet fever
cases has increased, the disease severity was mild and
did not change from before to after the upsurge.

This study has several limitations. First, the national
surveillance system is not complete, and most patients
with subclinical and asymptomatic cases of scarlet fever
were not included because they did not seek medical
consultation or were underdiagnosed. Second, data that
were collected during the first year of roll-out of the
national surveillance system are probably less reliable
than those from the later years. Third, we could not
calculate the directed age-standardised incidence of
scarlet fever in China because the number of age-specific
cases from the 31 provinces and areas were unavailable.
Finally, we did not have data for emm gene typing of
group A streptococcus and so were unable to monitor the
antigen shift throughout China.

In conclusion, the overall incidence of scatlet fever has
substantially increased in China since 2011. We analysed
the epidemic and disease patterns from 31 different
provinces and areas and compared them with patterns in
other countries, before and after the 2011 upsurge.
Although the demographic distribution and fatalities in
China did not vary substantially between the periods
before and after the upsurge, the seasonal patterns are
similar to those in other Asian countries, but different
from those in European countries.

In response to the prevalent risk of scarlet fever, the
Chinese Government has drafted a series of technical
projects to help health-care professionals improve the
diagnosis and treatment of childhood diseases.
Additionally, the government has improved infectious
disease  surveillance systems, including school
absenteeism, symptom monitoring, and early-warning
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systems to enable prompt recognition of school
outbreaks. Finally, national and regional emergency
response systems have been established to rapidly carry
out medical relief and epidemic control. All these
measures are crucial to combat the threat of this re-
emerging disease and other childhood infectious
diseases that do not have vaccines in China.
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