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Abstract

This study aimed to investigate the carriage of Streptococcus pyogenes in
population vulnerable to scarlet fever and to compare their genotypic charac-
terization between different age groups. Pharyngeal swabs were collected
from 120 - 150 students in each of the three districts in Shanghai in May and
December during 2015 to 2017, while emm typing and detection of 12 superan-
tigen genes were performed to characterize the isolates. During 2015-2017, the
average carriage rate in students was 5.7% (135/2,371), without significant
difference between different years or districts. The carriage rate was signifi-
cantly different between children from the three age groups, with 2.4% in 3 -
4 years, 5.4% in 5 - 9 years, and 9.1% in 10 - 14 years. Eight emm types were
found, including emm 1, emm 4, emm 12, emm 22, emm 75, emm 89, emm
70 and emm 241, among which emm 12 accounted for 60%, and emm 1
27.5%. The predominance of emm 12 was found in each year, but the propor-
tion of emm 12 was lower in 10 - 14 years (43.3%) than in 3 - 4 years (86.7%)
and in 5 - 9 years (73.3%) (P = 0.002 and 0.003). Superantigen genes of speB,
speC, speG, ssa and smeZ were found in almost all the isolates. The average
carriage of S. pyogenes in population vulnerable to scarlet fever was 5.7% in
Shanghai, highest in 10 - 14 years (9.1%), while ernm 12 was the predominant

type.
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1. Introduction

Scarlet fever, one of the class B notifiable diseases in China [1], is caused by
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Streptococcus pyogenes. Since 2011, epidemics of scarlet fever have been preva-
lent in China, with annual reported cases ranging from 34,207 to 68,249 [2]. The
epidemics peaked in April to June and November to the next January, and
mainly affected children (aged < 15 years) in kindergarten and school [3]. That
is why we supposed school-age children as “population vulnerable to scarlet fev-
er”. However, little is known about the S. pyogenes carriage in this population.
To bridge the gap, this study investigated and analyzed the carriage of S. pyo-
genes in population vulnerable to scarlet fever in Shanghai during 2015 and
2017, which can provide data for preventing and controlling the scarlet fever

outbreaks.

2. Materials and Methods

2.1. Carriage Surveys of S. pyogenes in Schools

In May and December, the peak months of scarlet fever epidemics, the carriage
surveys were conducted in schools of three districts, including one urban district
(Xuhui), one suburban district (Minhang), and one rural district (Fengxian)
during 2015 and 2017. The carriage surveys were performed in two schools
without scarlet fever clusters within recent one month, and classes without cases
were chosen to cover three age groups (3 - 4 years, 5 - 9 years, and 10 - 14 years)
each with 40 - 50 students. After the participates’ parent(s)/guardian(s) gave in-
formed consent, posterior pharyngeal swab samples were obtained by the trained
personnel and were sent to Shanghai CDC laboratory in four hours for further
test. The study was approved by Shanghai CDC Ethical Review Committee (No.:
2016-4).

2.2. Strain Collection and Identification

After culture for 18 - 24 h on Columbia sheep blood agar at 36°C with 5% carbon
dioxide, f-hemolytic Gram-positive cocci were further tested by latex-agglutination
with the Diagnostic Streptococcal Grouping Kit (Oxoid, Hampshire, United
Kingdom) and were identified by Vitek 2 system (bioMe’rieux, Marcy I’Etoile,

France).

2.3. Molecular Typing for S. pyogenes

According to the protocol recommended by CDC [4], chromosomal DNA was
extracted, emm gene was amplified and sequenced. Nucleotide sequence was

blast in the website (https://www2a.cdc.gov/ncidod/biotech/strepblast.asp), and

the emm type and subtype were determined. Twelve superantigen genes were
screened by PCR as previously reported [5], including speA, speB, speC, speG,
speH, spel, spef, spek, spel, speM, ssa, and smeZ.

2.4. Statistical Analysis

Statistical analysis was performed using OpenEpi (Version 3.01) [6]. Statistical

significance was assessed at P < 0.05. Figures were produced using Microsoft
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Excel 2010.

3. Results
3.1. Carriage Surveys during 2015 and 2017

A total of 2371 pharyngeal swabs were collected during 2015 and 2017, and 135
(5.7%) were culture-positive. When analyzed by year, the carriage rates were
6.3% in 2015, 5.7% in 2016, and 5.1% in 2017, respectively (Table 1), but the
difference showed no statistical significance (£ = 0.3 - 0.6). When analyzed by
geographical location, the rates were 4.6% in urban distinct, 5.6% in suburban
district, and 6.7% in rural distinct, respectively (Table 1), without statistically
significant difference (P = 0.08 - 0.4). When analyzed by age, the rates were 2.4%
in 3 - 4 years group, 5.4% in 5 - 9 years group, and 9.1% in 10 - 14 years group,
respectively (Table 2), with statistically significant difference (P < 0.05).

3.2. emm Typs of S. pyogenes

A total of 120 isolates were available for emm typing. There were eight emm
types, including emm 1, emm 4, emm 12, emm 22, emm 75, emm 89, emm 170,
and emm 241. Isolates of emm 12 were predominant (60%), followed by emm 1
(27.5%), while isolates of other types accounted for 12.5%, including emm 4 (n =
4), emm 89 (n = 4), emm?22 (n=3), enm 75 (n = 2), emm 170 (n = 1), and emm
241 (n = 1).

Table 1. S. pyogenes carriage in population vulnerable to scarlet fever in three districts of
Shanghai, China during 2015 and 2017.

District 2015 2016 2017 Average rate
5% 4.6% 4.2% 4.6%
Urban distinct (Xuhui
rban distinct (Xuhui) (12/240) (11/241) (10/240) (33/721)
10.2% 0.8% 5.7% 5.6%
Suburban district (Minhang) g ? ? 3
(26/256) (2/248) (14/246) (42/750)
Rural distinct (Fengxian) 4% 107% 5:3% 6.7%
ural disti X
& (12/300) (32/300) (16/300) (60/900)
6.3% 5.7% 5.1% 5.7%
In total
(50/796) (45/789) (40/786) (135/2,371)

Table 2. S. pyogenes carriage in population vulnerable to scarlet fever in three age groups
in Shanghai, China during 2015 and 2017.

Average Proportion of

Age group (year) 2015 2016 2017 rate emm 12
3.4 3.2% 2.6% 1.3% 2.4% 86.7%
(7/221) (7/266) (3/234) (17/721) (13/15)
5.9 5.1% 4.9% 6.2% 5.4% 73.3%
(16/315) (13/264) (18/292) (47/871) (33/45)
10-14 10.4% 9.7% 7.3% 9.1% 43.3%
) (27/260) (25/259) (19/260) (71/779) (26/60)
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In each year during 2015 and 2017, emm 12 was the predominant type, and
the proportion ranged from 44.4% to 80% (Figure 1), with statistically signifi-
cant difference found between the proportion in 2014 (44.4%) and that in either
of other two years (2= 0.002 and 0.03). The proportion of emmm 12 varied in dif-
ferent age groups, with difference found between the proportion in 10 - 14 years
group (43.3%) and that in other two age groups (2= 0.002 and 0.003).

There were 21 emm subtypes, including 4 emm 1 subtypes and 8 emm 12 sub-
types. The subtypes emm 12.0 (40%, 48/120) and emm 1.0 (20%, 24/120) were
prevalent, while other subtypes accounted for 40% (48/120). The profile of emm
subtypes was not the same in either year during 2015 and 2017, with the number

ranging from eight to fourteen (Table 3).

3.3. Superantigen Profile of S. pyogenes

Among the 120 isolates, all possessed speB, ssa, and smeZ, the majority harbored
speC (99.2%) and speG (98.3%), almost half possessed speH (54.2%) and spel
(59.2%), and a few had speAd (29.2%), speJ (12.5%), spel (2.5%), and speM
(2.5%), while none had speK (Table 4). In emm 12 isolates, the superantigen
profile of speB-speC-speG-speH-spel-ssa-smeZ was predominant (84.7%, 61/72),
while in emm 1 isolates, speA-speB-speC-speG-spej-ssa-smeZ (39.4%, 13/33)
and speA-speB-speC-speG-ssa-smeZ (33.3%, 11/33) were much common.

4. Discussion

China has been undergoing scarlet fever epidemics these years [7]. Based on con-
tinuous surveillance on children in school, this study discovered the carriage rate
of S. pyogenes in population vulnerable to scarlet fever was 5.7% in peak seasons
of scarlet fever, with emm 12 as the predominant type and without difference in

geographical districts. Due to no carriage data from other countries with scarlet
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5 Eemm?75
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Figure 1. Proportion of emm types of isolates from carriage surveys in Shanghai, China
during 2015 and 2017.
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Table 3. Distribution of emm types and subtypes of S. pyogenes from population vul-
nerable to scarlet fever in Shanghai, China, during 2015 and 2017.

emm type and 2015 2016 2017 In total
subtype (n = 50) (n =45) (n =25) (n =120)
emm 1
1.0 10 (20%) 14 (31.1%) 0 24 (20%)
1.16 0 1(2.2%) 0 0
1.25 4 (8%) 0 0 4(3.3%)
1.65 2 (4%) 1(2.2%) 1 (4%) 4 (3.3%)
emm 12
12.0 21 (42%) 15 (33.3%) 12 (48%) 48 (40%)
12.18 0 1(2.2%) 0 1(0.8%)
12.19 1 (2%) 1(2.2%) 1 (4%) 3 (2.5%)
12.37 1 (2%) 2 (4.4%) 0 3 (2.5%)
12.71 1 (2%) 0 0 1(0.8%)
12.76 8 (16%) 1(2.2%) 0 9 (7.5%)
12.8 0 0 6 (24%) 6 (5%)
12.95 0 0 1 (4%) 1 (0.8%)
emm 4
4.0 0 0 1 (4%) 1 (0.8%)
4.14 0 3 (6.7%) 0 3 (2.5%)
emm 22
22.0 0 1(2.2%) 0 1 (0.8%)
22.1 0 2 (4.4%) 0 2 (1.7%)
emm 75
75.0 0 1(2.2%) 0 1 (0.8%)
75.3 0 1(2.2%) 0 1 (0.8%)
emm 89
89.0 1 (2%) 1(2.2%) 2 (8%) 4(3.3%)
emm 170
170.0 1 (2%) 0 0 1(0.8%)
emm 241
241.1 0 0 1 (4%) 1(0.8%)

fever epidemics were available, such as United Kingdom, South Korea, and Pol-
and [3] [8] [9] [10] [11], we could not compare the carriage rates with them.
While comparing with other provinces in China, the carriage rate in this study
was higher than another study in Shandong Province (2.4%, 6/253), but the lat-
ter without information of age groups [12].

Analyzed by age, the carriage rate was highest in 10 - 14 years group, followed
by 5 - 9 years group, then 3 - 4 years, which was not parallel with the scarlet fev-
er incidences in these age groups. Studies on scarlet fever cases in Hong Kong,
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Table 4. Distribution of superantigen genes in S. pyogenes from population vulnerable to scarlet fever in Shanghai, China, during

2015 and 2017.

emm subtype Total Number speAd speB speC speG speH spel spe] speK spel speM  ssa smeZ
61 - + + + + + - - - - + +
emm 12 8 - + + + - - - - - - + +
(n=72) 2 + + + + - - - - - - + +
1 + + + + + + - - - - + +
13 + + + + - - + - - - + +
11 + + + + - - - - - - + +
emm 1
(n=33) 5 + + + + - + - - - - + +
1 + + - + - - + - - - + +
3 - + + + - - - - - - + +
emm 170 1 - + + + + + - - + + + +
emm 22 3 - + + + - - - - - - + +
emm 241 1 + + + + - - + - - - + +
emm 4 2 - + + + - - - - - - + +
(n=4) 2 - + + - - - - . . . + +
emm 75 2 - + + + + + - - + + + +
emm 89 3 - + + + - - - - - - + +
(n=4) 1 + + + + - - - - - - + +
In total* 120 35(29.2) 120 (100) 119 (99.2) 118 (98.3) 65 (54.2) 71 (59.2) 15 (12.5) 0(0) 3 (2.5) 3 (2.5) 120 (100) 120 (100)

*the number in bracket stands for the percentage.

Beijing, Jiangsu, and Shanghai showed that scarlet fever mainly affected children
younger than 10 years old [3] [5] [8] [13]. This disparity could be explained with
factors including bacteria, host, and environment. Firstly, the S. pyogenes iso-
lates carried by children younger than 10 years old might be different from those
by 10 - 14 years old, in which the proportion of emm 12 isolates was found much
lower than that in the 3 - 4 years and the 5 - 9 years groups in this study (Table
2). Moreover, emm 12 S. pyogenes was responsible for the scarlet fever epidem-
ics in China since 2011 [2]. Secondly, the immune system of children younger
than 10 years old might be not so mature as that of 10 - 14-year-old children,
which makes the former much more vulnerable than the latter when facing the
same type of S. pyogenes strain. Thirdly, we also thought about the social envi-
ronment of these groups, but this factor seemed not so important, for children
younger than 10 years old and 10 - 14 years old are both in school.

Besides emm typing, the superantigen genes were also studied in population
vulnerable to scarlet fever. The genes of speB, speC, speG, ssa, and smeZ were
found in almost all the emm types, and spec and ssa were supposed as the mark-
er of scarlet fever outbreak strains in China [14]. The profile of superantigen

genes, speB-speC-speG-speH-spel-ssa-smeZ, was shared by emm 12 isolates
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from carriers and scarlet fever patients [3], while the similar result was found in
emm 1 isolates (speA-speB-speC-speG-speJ-ssa-smeZ), which suggested the
scarlet fever epidemics were closely associated with the carriage of epidemic
strains in population vulnerable to scarlet fever. Moreover, SpeA, encoded by
speA, was supposed as an important virulence factor which facilitated the disse-
mination of emm 1 strains globally since 1980s due to its ability of enhancing the
colonization of 8. pyogenes in epithelial cells [15]. In previous reports, no speA
gene was found harbored by emm 12 isolates, while in this study, we identify
three emm 12 isolates possessing speA gene. This suggested the possibility that
emm 12 isolates acquired speA gene from emm 1 isolates, which need more data

to validate.

5. Conclusion

This study provided dynamic data of S. pyogenes carriage in school-age children
in Shanghai and found the difference of carriage between children in various age
groups, which are valuable for prevention and control of scarlet fever epidemics.
More studies and surveillance on the carriage in population vulnerable to scarlet

fever are needed all over the country.
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