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1. Surveillance of HFMD in mainland China

Attributed to the fulminate epidemics of HFMD associated with EV71 occurred in
mainland China in 2008, HFMD was taken into the national notifiable surveillance as
the 38th legally notifiable disease on May 2, 2008, managed as C class. It’s
compulsory for the doctors to report all the outpatients and inpatients of HFMD to the
National Infectious Disease Information Management System (NIDIMS) on web
within 24h upon diagnosis.

To reveal the pathogenic spectrum of HFMD, a proportion of clinical cases are
required to be confirmed by laboratory. The three-level National Laboratory Network
(excluding Hong Kong, Macau, and Taiwan) for HFMD was organized in 2008,
including prefectural labs, provincial labs and national labs. To clarify the major
enterovirus type associated with serious complications and fatalities, clinical

specimens of all the severe and fatal cases should be collected for the detection of



enterovirus. Besides, for each county every month at least 5 mild cases should be
confirmed by the laboratory, to reveal the spectrum of the pathogen mainly
responsible for the current nationwide outbreaks. The lab results are updated on web

by the lab staffs as soon as possible.

2. Epidemiological characteristics

In general, most of the cases were reported in spring, from March to June, which was
followed by a mild autumn outbreak during Oct. to Dec. However, Because of the
large territory and the diversity of the weather condition in China, the seasonal
distribution in different area showed distinctive. For example, in south of China the
epidemic in autumn is the dominant, but spring is the major peak in most of the
provinces.

Primarily the children <15 years old are involved during the epidemic of HFMD, and
~90% cases are young children <5 yearsold. After infection, the young children
<5 years old are more likely to progress to severe complications or fatality. More than

99% fatal cases are children <5 years old.

3. Molecular epidemiology of EV71 & CA16

From the lab network of HFMD, more than 3,000 enterovirus isolates from HFMD
cases were collected and identified by the national lab, from 2008-2010. Molecular
epidemiological studies on EV71 & CAl6 were performed specifically, due to their

dominant role in the current epidemics of HFMD in China. VP1 coding region is the



target region for our evolutionary analysis. All the data analyzed involve both the VP1
sequences determined by our lab and sequences of native isolates released in Genbank
before 2010.

Evidence from both traditional and molecular epidemiology confirmed that the recent
HFMD outbreak was an emerging one caused by EV71 of subgenotype C4. This
emerging HFMD outbreak is associated with EV71 of subgenotype C4, circulating
persistently in mainland China since 1998, but not attributed to the importation of new
genotype. Originating from 1992, subgenotype C4 has been the predominant genotype
since 1998 in mainland China, with an evolutionary rate of 4.6~4.8x10 nucleotide
substitutions/site/year. The phylogenetic analysis revealed that the majority of the
virus during this epidemic was the most recent descendant of subgenotype C4 (clade
C4a). It suggests that the evolution might be one of the potential reasons for this
native virus to cause the emerging outbreak in China. However, strong negative
selective pressure on VP1 protein of EV71 suggested that immune escape might not
be the evolving strategy of EV71.

Based on the analysis of molecular epidemiology, CA16 could be divided into A, B
genotype, further Bl and B2 subgenotype. All the reported isolates in china are
belonging to Bl subgenotype. It’s deduced that CA16 evolve slightly slower than

EV71 by bioinformatics’ analysis.

4. Pathogen spectrum

The laboratory network for HFMD was organized in 2008, responsible for the



pathogen identification of HFMD cases. The surveillance data from labs reveal that
both EV71 and CA16 are the major pathogen for the current nationwide outbreak in
China. However, the pathogen spectrum among provinces could be different each year,
and the major pathogen in the same area could alternate over years. Nonetheless, >
80% severe cases and >90% fatal cases are associated with EV71 infections.
Accordingly, EV71 should be the target to decrease the fatality during the epidemic of
HFMD in China. In addition, data from some provincial labs indicate that other

enterovirus as CA4, CA6 and CA10 also play non-negligible roles in the epidemic of

HFMD.
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Summary:

Laboratory based surveillance of diarrheal diseases may improve the performance
of disease surveillance and response by outbreak detection, source tracking and early
warning. The pilot laboratory surveillance strategy will be explored within this project
in some provinces in China. In the first year based on the framework of PulseNet
China, three provincial CDC laboratories (Hunan, Gansu and Yunnan) were
strengthened on the capacities of molecular subtyping of pathogens, including
technical training of the staff and laboratory certification within the network,
according to the procedure of PulseNet China. All these laboratories passed the
survey and became the laboratory partner of PulseNet China. A workshop was held on
the BioNumerics software system training, some provincial laboratories received
training to learn the data analysis with BioNumerics, upload of PFGE finger printings
to the national subtyping database. To ensure the quality of PFGE in the network, a

proficiency test was performed in 18 provincial laboratories by distribution of



Salmonella and Shigella strains. All laboratories submitted the acceptable PFGE
fingerprints within the set time.

In the central laboratory of network in China CDC, the new protocol for the
PFGE subtyping of Salmonella enterica serovar Paratyphi A was developed.
Paratyphoidal fever became public health problem in some provinces in recent years.
In PulseNet International, a protocol is used for the subtyping of Salmonella. Difficult
interpretation was found when using this protocol to analyze S. paratyphi A isolates
from different years and provinces, for its poor discriminatory power. In this study,
different restriction endonucleases and electrophoresis parameters were compared for
the PFGE subtyping by using S. Paratyphi A strain panels. Two new protocols for the
enzymes Spe I and Xba | showed higher discriminatory power, which may facilitate
epidemiological analysis for more accurate case definition, and clonality study of S.
Paratyphi A.

In the following years, based on the capacity building and quality control, the
laboratory and hospital based molecular subtyping surveillance for diarrheal diseases

will be performed exploringly in Yunnan province.

I. Purpose:

In China a pioneer laboratory-based surveillance system of bacterial diseases is
under construction. The goal of this project is to establish the feasible multiple
fo}odborne pathogen surveillance which can be used in the selected pioneer city health

institutions, to strengthen the outbreak detection and response in the regions.



This year the goal is making effort to establish the essential capacities of
molecular subtyping, usage of analysis software BioNumerics, and quality assurance
of subtyping experiment in some network laboratories in the provincial level in
PulseNet China, to prepare the abilities in laboratory-based molecular subtyping

surveillance for diarrheal diseases in a region.

II. Methods:

Certification of Regional Laboratories . According to the procedure for becoming the
laboratory member of the national molecular subtyping network for bacterial disease,
PulseNet China, provincial CDC laboratories that plan to participate in the Network
must submit their applications to PulseNet China, receive training and proficiency
testing (PT) of molecular subtyping technology (pulsed-field gel electrophoresis,
PFGE), receive the laboratory survey by the expert group organized by PulseNet
China committee, then may get certification from PulseNet China Central Laboratory.
In this year, provincial CDC laboratories of Hunan, Gansu and Yunnan were
certificated by PulseNet China Central Laboratory.

Training of molecular subtyping experiment and software. PulseNet China Central
Laboratory accepted trainees from the provincial laboratories that submitted
applications to PulseNet China, to train the experiments of PFGE and basic usage of
molecular subtyping data software BioNumerics. Workshop was conducted to train in
particular the usage of BioNumerics and application in database management and

analysis.



Proficiency testing. Two Salmonella Typhimurium strains and two Shigella flexineri
strains were prepared and shipped to 18 provincial CDC laboratories, to request the
feedback the PFGE patterns (in TIFF file) and the experiment record sheets within
one month.

PFGE subtyping protocol optimization of Salmonella Paratyphi A. As a public health
problem of paratyphoidal fever in some provinces of China, the foodborne and
waterborne disease caused by S. Paratyphi A, although diarrhea is not the major
symptom of patients, a new PFGE protocol was optimized for the poor subtyping
ability of the PulseNet 1-day standardized PFGE protocol for the subtyping of
Salmonella serotypes when used in S. Paratyphi A isolates subtyping. Strain panel of
33 isolates obtained in different years and provinces were used for the evaluation of
the PFGE protocols. A pilot study was done using the restriction enzymes of Xbal,
Spel, Binl (Avrll) and Xhol, with the first panel of 11 isolates and 10 different
electrophoresis parameters, including the PulseNet 1-day standardized PFGE protocol
for the subtyping of Salmonella serotypes, and those recommended by the CHEF
Mapper software program based on the sizes of the restriction fragments. For each
enzyme, three sets of parameters were finally selected for extensive evaluation using
the 33-strain panel. The selected enzyme and electrophoresis was then expanded to
106 strains of S. Paratyphi A collected from 12 provinces in China between 1998 and
2010, to be compared the discriminatory ability with the PulseNet 1-day standardized

PFGE protocol for the subtyping of Salmonella serotypes.



1. Results:
1) Certification of Regional Laboratories

To develop the network of PulseNet China, within this project we performed
PFGE technical training for the staff from the laboratories of Hunan, Gansu and
Yunnan provincial CDCs in PulseNet China Central Laboratory, to transfer the
molecular subtyping technique to provincial CDC laboratories. Based on the
procedure of PulseNet China, these CDC laboratories were also received the PTs by
performing PFGE with the PT strains by these trained technicians in their own
laboratories after their going back from the workshop in PulseNet China Central
Laboratory. The PFGE patterns were feedback to the Central Laboratory and passed
the assessment. The expert groups from PulseNet also did laboratory survey in these
CDCs. The abilities of laboratories (including staff, PFGE skill, instruments, biosafety
and so on), and communication with epidemiology group (including surveillance data
exchange, staff communication, filed investigation procedure and so on) were
surveyed. All these CDC laboratories were passed. All the survey documents were
prepared and forwarded to the Administrative Steering Committee of PulseNet China,
waiting for the validation and the assignment of cooperation agreement
(memorandum of understanding) between PulseNet China and the provincial CDC.
2) Training of molecular subtyping experiment and software

In order to facilitate the networking of laboratory surveillance and promote the
data communication in PulseNet China, PulseNet China held a training workshop on

BioNumerics software (also the MLVA technique in this workshop) on August, 2011



in Beijing. Fifteen staff engaged in data analysis and communication in the regional
central laboratories of Zhejiang, Jiangsu, Guangxi, Fujian, Chongqing, Sichuan,
Hubei and Beijing participated in the training. The contents in the training included:
BioNumerics software and data analysis, how to upload PFGE finger printings to
central database.
3) Proficiency testing in 2011

In order to promote quality control and quality management during the
implementation of molecular subtyping techniques in the provincial CDC laboratories
of PulseNet China, and to promote the standardization of techniques, PulseNet China
Central Laboratory prepared PT strains and evaluated the PFGE experimental
capability of Jiangsu, Zhejiang, Hunan and some other CDC laboratories in 2011.
Gansu and Yunnan CDC laboratories did not join the PT for their laboratory
assessment was performed in the end of the year. The contents for examinations
included PFGE patterns for S. Typhimurium and S. flexneri, and results were required
from the testing within one month of sample receipt.
4) PFGE protocol optimization of S. Paratyphi A in PulseNet China Central
Laboratory

We previously noticed that only a few subtypes were obtained in S. Paratyphi A
when typed using the PulseNet protocol for Salmonella serotypes. For each selected
restriction enzyme, a pilot study was done with the first panel of 11 isolates and using
10 different electrophoresis parameters. Then, for each enzyme, three sets of

parameters with top three D values were selected for further comparisons with the



