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[GENETYX-MAC: Evolutionary Tree]
Date : 2014.02.14
Method: UPGMA
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Source __ Serogroup.

Species

VUN1 Xijiang/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUN2 Xinjiang/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUN3 Sichuan/China 2008 Stool non-01/0139 V.cholerae V. cholerae
VUNS Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUNG6 Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUN7 Anhui/China 2010 Stool non-01/0139 V.cholerae V. parahaemolyticus
VUNS8 Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUN9 Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae
VUN21 Hainan/China 2008 Stool non-01/0139 V.cholerae A, sobria
VUN22 Hainan/China 2008 Stool non-01/0139 V.cholerae  A. sobria
MJ-33 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
MJ-34 Fujian/China 2007 Water non-01/0139 V.cholerae A. hydrophila
MJ-35 Fujian/China 2007 Water non-01/0139 V.cholerae  A. hydrophiia
IMJ-36 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
MJ-37 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
IMJ-38 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
MI-39 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
MJ-40 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
iMJ-41 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
MJ-42 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae
2]193-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
7J194-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
7J194-3 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
21195-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
2)196-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
2J197-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
21198-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
2]199-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
71200-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
71201-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae
85-142 Fujian/China 1985 Fish V. fluvialis V. fluvialis
63112 Guangdong/China 1963 Stool V. fluvialis V. fluvialis
VF2 Fujian/China 1985 Stool V. fluvialis V. fluvialis
VF12 Fujian/China 1985 Stool V. fluvialis V. fluvialis
152 Jiangsu/China 1987 Stool V. fluvialis V. fluvialis
1S54 Jiangsu/China 1987 Stool V. fluvialis V. fluvialis
EF85001 Xinjiang/China 1985 Stool V. fluvialis V. fluvialis
EF85002 Xinjiang/China 1985 Stool V. fluvialis V. fluvialis
1liao85-50  Liaoning/China 1984 Stool V. fluvialis V. fluvialis
Ma2598 Anhui/China 2010 Stool V. fluvialis V. fluvialis
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N1 Xinjiang/China 2010 0; non-1139 V.chlerae V. cholerae 77 - +

VUN2 Xinjiang/China 2010 Stool non-01/0139 V.cholerae V. cholerae - - +

VUN3 Sichuan/China 2008 Stool non-01/0139 V.cholerae V. cholerae B +

VUNS Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae - = +

VUNG Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae - N +

VUN7 Anhui/China 2010 Stool non-01/0139 V.cholerae V. parahaemolyticus - N e

VUNS Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae - = +

VUN9 Anhui/China 2010 Stool non-01/0139 V.cholerae V. cholerae - - +

VUN21 Hainan/China 2008 Stool non-01/0139 V.cholerae  A. sobria - - - - -
VUN22 Hainan/China 2008 Stool non-01/0139 V.cholerae  A. sobria ‘ - - - - -
MJ-33 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + -

‘MJ-34 Fujian/China 2007 Water non-01/0139 V.cholerae  A. hydrpphila o - - - - -
M?»S Fujian/China 2007 Water non-01/0139 V.cholerae  A. hydrophila - - - - -
WJGG Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + -

lMJ-37 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + -

MJ-38 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + -

MJ-39 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + -

MJ-40 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
MJ-41 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
MJ-42 Fujian/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
2]193-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
7]194-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
21194-3 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
7i195-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae - - + - -
71196-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -

73197-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -

73198-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -

7J199-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -

21200-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -

7)201-1 Guangdong/China 2007 Water non-01/0139 V.cholerae V. cholerae -
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1. Epidemiology
1.1. Profile of the outbreak in 2013
Totally, 1,828,377 cases were reported throughout year 2013, including
252 fatal cases. The number of reporting cases in year 2013 decreased compared
with that in 2012 (2,170,248), and increased compared with that in 2011
(1,620,430). However, the number of fatal cases decreased dramatically, which
is 509 in 2011, and 563 in 2012.
1.2. Age distribution
Cases were reported among all of the age groups, ranging from 0 to 85
years old. Young children less than 6 years old are still the majority suffering
from HFMD, which account for 95% of the reporting cases. Young children
especially 1-year-old group indicated highest incidence and fatality.
1.3. Spatial distribution
In 2013, there were cases reported from all over China. The top 6
provinces of reporting cases are Guangdong, Guangxi, Zhejiang, Hunan,
Jiangsu, and Anhui, reporting cases of which account for 53% of national
reporting cases. By fatal cases, Sichuan, Anhui, Hebei, Chongqing, Hunan, and
Yunnan were the top 6 provinces. By the incidence, Hainan was still the top 1,
followed by Guangxi, Guangdong, Fujian, Zhejiang, and Shanghai provinces.
1.4. Week distribution (Figure 1)
HFMD cases were reported throughout the year in 2013. The case number

began to increase from week 8, and reached the peak in week 22. The first, also



the largest, round epidemics were lasting from week 10-34, followed by the
second round epidemics in autumn, from week 13-33. The amount of cases and
fatalities reported during the first round epidemic account for 61% and 72% of
the cases in 2013 respectively. The second epidemic peak occurred from week
36-41, including 13% reporting cases and 7% fatalities.
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Figure 1. The reporting cases by week from Jan 1, 2013-Dec, 31, 2013
2. Pathogenic surveillance
2.1. Pathogenic spectrum (Figure 2)
In 2013, totally 87,454 cases, 4.8% of the reporting clinical cases, were
~ confirmed by lab. The lab result indicated that other EV and EV71became the
most major pathogen of HFMD in China, account for 48% and 37% of the
positive respectively. EV71 is the dominant serotype during week 12-22. From

week 22-49, other EV became the majority instead of EV71.
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Figure 2. Pathogenic results in year 2013

Molecular epidemiology of EV71 and CA16

Phylogenetic trees of the EV71 and CA16 isolates in 2013 were
reconstructed respectively, based on VP1 encoding region (891bp), with Kimura
2-parameter nucleotide substitution model. All the EV71 isolates in 2013
clustered together, showing the nearest phylogenetic relationship with
subgenotype C4a, which was predominant in mainland China since 2004. For
CA16, clade Bla and Blb still co-circulated in China in 2013. No
predominance was found in specific provinces for both Bla and B1b.
Genomic characteristics

To clarify the genetic characteristics and the epidemic patterns of CVA16
in mainland China, comprehensive bioinformatics analyses were performed by
using 35 CVA16 whole genome sequences from 1998 to 2011, 593 complete
CVA16 VP1 sequences from 1981 to 2011, and prototype strains of human
enterovirus species A (EV-A). Analysis based on complete VP1 sequences
revealed that clade Bla and B1b were prevalent strains and have been
co-circulating in many Asian countries since 2000, especially in mainland China
for at least 13 years. While the prevalence of clade Blc (totally 20 strains) was

much limited, only found in Malaysia from 2005 to 2007 and in France in 2010.



Genotype B2 only caused epidemic in Japan and Malaysia from 1981 to 2000.
Both clade Bla and Blb were potential recombinant viruses containing
sequences from other EV-A donors in the 5’-untranslated region and P2, P3

non-structural protein encoding regions.
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3. Epidemiology

3.1. Profile of the outbreak in 2012

The nationwide epidemics of HFMD were continuing in China in 2012. Totally,
2,170,248 cases were reported throughout the whole year, including 20,949 severe
cases, and 563 fatal cases (Table 1). The case number of all three types increased
compared with that in 2011. However, the fatality rate were decreasing year by years,

as showed in table 1.
Table 1. Summary of the outbreak during 2011-2012.

Items 2011 2012 2011 vs 2010 | 2012 vs 2011
Reporting cases 1,620,430 | 2,170,248 | -9% +34%
Severe cases 18,717 20,949 -33% +12%
Fatal cases 509 563 -44% +11%

3.2. Age distribution

Cases were reported among all of the age groups, ranging from 0 to 85 years old, but
~94% of the cases were young children less than 5 years old, which is consistent with
the previous data in China. Furthermore, the amount of both reporting cases and fatal
cases were indicated to be the largest in 1-year-old group, accounting for ~30% and
~47% of the all reporting cases and the fatal cases respectively. Young children
especially 1-year-old group was showed to have higher risk for HFMD.

3.3. Spatial distribution

In 2012, the southeast of mainland China was still the most severe area for HFMD
epidemic. By both the reporting cases and fatal cases, Guangdong, Guangxi, Hunan,
Zhejiang, and Jiangsu were the top 5 provinces. However, by the incidence, Hainan

was the top 1, followed by Guangxi, Guangdong, Hunan, and Zhejiang provinces.



3.4. Temporal distribution (figure 2)

HFMD cases were reported throughout the year in 2012. The case number began to
increase from week ~10, and reached the peak in week ~21. The first, also the largest,
round epidemics were lasting from week 10-34, followed by the second round
epidemics in autumn, from week 35-50. The amount of cases and fatalities reported

during the first round epidemic account for ~50% and 53% of the cases in 2012

respectively.
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Figure 2. The reporting cases by week from Jan 1, 2010-Dec, 31, 2012
4. Pathogenic surveillance
4.1. Pathogenic spectrum
In 2012, totally 105,380 cases, 4.9% of the clinically reporting cases, were confirmed
by lab. The lab result indicated that EV71 and CA16 still were the most major
pathogen of HFMD in China, account for 48.9% and 30.6% of all of the positive
respectively. Still there were 20.5% of the confirmed cases associated with other
enteroviruses.
4.2. Molecular epidemiology of EV71 and CA16
Phylogenetic trees of the EV71 and CA16 isolates in 2012 were reconstructed
respectively, based on VP1 encoding region (891bp), with Kimura 2-parameter
nucleotide substitution model. All the EV71 isolates in 2012 clustered together,
showing the nearest phylogenetic relationship with subgenotype C4a, which was

predominant in mainland China since 1998. Different with the unique genotype of



EV71 circulating in China, there were 2 subgenotype of CAl6, Bla and Blb,
co-circulating in China in the recent years. No significant predominance were found

in specific provinces for both Bla and B1b.

4.3. Genomic characteristics

16 complete genome sequences of EV71 were determined, isolated from HFMD
patients during the large scale outbreak and non-outbreak years since 1998 in China.
These 16 full length genome sequences were aligned with another 104 genome
sequences of EV71 from China mainland, available in GenBank, covering the time
period of 1998-2011. Our comprehensive recombination analysis showed the
evidence of genome recombination of subgenotype C4 (including C4a and C4b)
sequences between structural genes from genotype C EV71 and non-structural genes
from the prototype strains of CAV16, 14 and 4, but the evidence of intratypic
recombination between C4 strains and B subgenotype was not enough strong (Figure
3). This intertypic recombination of C4 viruses were first identified in 1998 and
became the predominant endemic viruses circulating in China mainland for at least 14

years.

Figure 3. Rooted phylogenetic trees showing the relationships amongst HEV-A
isolates using the different genomic regions. The neighbour-joining trees were

constructed from alignment of the 5' UTR (a), P1 (b), P2 (¢), P3 (d) and 3'UTR (e)



genomic region, respectively

8 complete genome sequences of CA16 from China were determined.
Comprehensive phylogenetic and recombination analyses were performed on these 8
complete genome sequences and another 20 CA16 whole genome sequences from
China in GenBank, during 1998 to 2011. Analysis indicated that CA16 Bla and B1b
strains were potential multiple-recombinant viruses containing other HEV-A donor
sequences in the 5’-untranslated region and P2, P3 non-structural protein encoding

regions. The donor squences were hard to determined.
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Summary:

A survey of etiology from the diarrheal patients was conducted in the sentinel city,
Yuxi of Yunnan province. The stool samples were obtained from the hospitals and
isolation of multiple target bacteria pathogens was conducted in Yuxi city CDC
laboratory. Molecular subtyping of the isolates was also performed. Based on the
one-year survey, the distribution of bacterial pathogens was obtained, diarrheagenic
Escherichia coli (DEC), Aeromonas and Salmonella strains were listed in the top
three bacteria species. PFGE of the isolates showed complex patterns, but some
clusters with the same patterns were also found. A protocol of multiple bacteria
isolation from the diarrheal sample was developed generated, which can be provided
to the national laboratory surveillance network as the technical support in the
foodborne disease survey. In another part of work, non-O1/mon-O139 V. cholerae
strains from the environmental samples and diarrheal patients in the previous
surveillance, and the V. fluvialis strains form diarrheal patients were transferred to

NIID for the serotype identification and further studies.

I. Purpose:

To establish the multiple foodborne pathogen detection protocol and molecular
subtyping surveillance which can be used in the city and provincial health institutions,
to strengthen the ability of cluster and outbreak detection through laboratory based
surveillance. The distribution of the bacterial pathogens will be surveyed in the

outpatients with the acute diarrhea in the sentinel city. In addition, an optimized



protocol for the multiple bacterial pathogen isolation from stool sample and a
multiplex real-time PCRs detection protocol will be established for the surveillance of
the common foodborne pathogens, to recommend to the network of PulseNet China.
This yéar the study will focus on the laboratory based detection of the bacterial
pathogens from the diarrheal cases, and molecular subtyping of the isolates, to find
the possible cluster of the isolates. Yuxi city, in Yunnan province, is selected as the
sentinel site. The study includes two parts: (1) Optimization of a protocol for the
isolation of multiple bacterial pathogens from diarrheal cases in the city-level
laboratory. The etiology of acute diarrhea using a sentinel hospital-based surveillance
will also be analyzed. (2) Molecular subtyping (pulsed-field gel electrophoresis,

PFGE) of the isolates in provincial CDC laboratory, to find the pattern cluster.

II. Methods:

Design of the project. The study focused on the pathogen isolation from the diarrheal
patients in the health institution in the city level, which is an important step to connect
the outpatients and molecular subtyping based surveillance in the network such as
PulseNet. For this purpose, work plan of the project was made in Yuxi city, a district
in Yunnan province. Four sentinel hospitals, including one children hospital, were
selected. During the study, other three hospitals including one children hospital also
joined and submitted some samples of the diarrheal outpatients. The samples were
collected from the hospitals and transferred (in C-B transport media) to the laboratory
in Yuxi Center for Disease Control and Prevention. A group from the Yunnan
provincial CDC joined to coordinate the project in the field and worked in the
laboratory simultaneously. The study conducted for one year, from Jun 2012 to May
2013. |
Detection of bacteria from the outpatient samples. The fecal or swab samples of the
outpatients with diarrhea were collected for the detection. The following b’acteria were
included as the targets for the isolation: Salmonella, Shigella, diarrheagenic
Escherichia coli (DEC), Vibrio, Plesiomonas shigelloides and Aeromonas. The

isolation methods for the different pathogens were integrated into a protocol,



including the enrichment or plating directly (for the isolation of Shigella and DEC),
the suspected colony selection. The biochemical tests were used for the primary
identification of the strains. For the DEC, the toxigenic related genes were detected
with PCR for its identification. The biotypes and serotypes were determined with the
corresponding methods and typing sera.

Pulsed-field gel electrophoresis (PFGE). These strains were analyzed by PFGE
according to the protocols from PulseNet International in the laboratories of Yunnan

CDC and China CDC.

III. Results:
1) Samples collected in the hospitals.

From Jun 1, 2012 to May 31, 2013, totally 1139 samples of diarrheal outpatients
were collected, including feces and swabs. The samples were collected and cultured
weekly for the isolation of the target bacteria. All ages of patients were covered. The
samples were preserved in the C-B transport media and transferred to the CDC
laboratory. The main symptoms of the patients were also recorded, most patients
(53.2%) had 3-5 times of diarrhea per day, 42.3% had 6-10 times per day, and 4.5%

had more than 10 times diarrhea per day. Other symptoms were also recorded.

Table 1. The collected samples and the isolation rates.
Number of Number of positive  Positive

Hospital samples samples* rate (%)
Belcheng Central 303 77 254
Hospital
Chunhe Hospital 191 48 25.1
Dayingjie Hospital 303 72 23.8
Liqi Hospital 23 8 34.8
Beiyuan Hospital 13 4 30.8
Yum Children )17 19 2.8
Hospital
Yuxi Women and
Children Health Care 89 9 10.1
Hospital
Sum 1139 237 20.8




* The samples from which the target bacteria were obtained.
2) Isolation of the bacteria from the samples

In the 1139 samples, the target bacteria were recovered from 237 patients (20.8%
positive rate), including 24 possible mixed infections, since more than one target
bacteria species were obtained (Table 2). Mixed infection often occurred among DEC,
Aefomonas, P shigelloides and Salmonella, and didn’t find Shigella and Vibrio
involved (Table 3). Within all the 265 isolates, the distribution of bacteria from high
frequency to low frequency is DEC (obtained from 10.45% patients), Aderomonas

(7.37% in total), Salmonella, P shigelloides, Shigella, and Vibrio (Table 4).

Table 2. Bacterial isolation in the samples of diarrheal patients.

Recovered bacterium Number of Recovery rate (%)
samples

DEC 96

Aeromonas 65

Salmonella 21

P, shigelloides 14

Shigella 15

V. paraheamolyticus 1

V. fluvialis 1

Mixed bacteria* 24 2.1

Sum 237 20.8

* More than one target bacteria were obtained from one sample.

Table 3. Mixed infection in samples.

Recovered bacterium Number of samples

DEC and DEC 6
DEC and A.hydrophila

DEC and P. shigelloides

DEC and 4. sobria

DEC and Salmonella

A.hydrophila and A. sobria

A.hydrophila and P. shigelloides
Salmonella, P. shigelloides and A. sobria
Salmonella, A.hydrophila and A. sobria
A.hydrophila, DEC and P. shigelloides
A.hydrophila, DEC and A. sobria
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Sum 24

Table 4. The bacteria isolated from the diarrheal patient samples.

Bacterium Number of - Recovery Constituent ratio
isolates rate (%) (%)
DEC 119 10.45 44.9
Aeromonas 84 7.37 31.7
Salmonella 24 2.11 9.1
P. shigelloides 21 1.84 7.9
Shigella 15 1.32 5.7
v ) | 0.09 0.4
paraheamolyticus

V. fluvialis 1 0.09 0.4
Sum 265 23.27 100

3) The distribution of detection rate $

During the period from 2012 June to 2013 May, the monthly detection rate of target
bacteria was between 8% and 38.9% (Fig.1). The detection rate rose rapidly in
February, reached the peak in March, began to decline after July, fell to the lowest
value in January. The number of diarrhea patients had two peaks during the year, one
in the summer with a high detection rate, and the other in the winter with a low

detection rate.
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Figure 1. The monthly detection rate of target bacteria.

The target bacteria were isolated in every age group (Fig.2). For children below 5

years old, the detection rate was low and no P. shigelloides was isolated. For age



