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Background: The emergence of SARS-Cov2 variants has highlighted the need to implement sequencing-
based surveillance in developing countries for early response to mutant viruses of concern. However,
limited information on how to implement sequencing-based surveillance is available, and the feasibility and
performance of this new type of surveillance are still in question.

Methods: To understand the challenges with the implementation and to promote sequencing-based
surveillance, we reported findings from a pilot for hepatitis A (HepA) in five sentinel provinces in China as
an example of sequencing-based surveillance implementation. The performance of the surveillance system
was evaluated by indicators related to acceptability, data quality, simplicity, utility, and timeliness. We use a
scale from 1 to 3 was used to provide a score for each aspect.

Results: During the pilot, 306 cases of HepA were reported, and 49.79% of samples were available for
sequencing. Eleven genomic clusters were found, of which seven clusters were potentially related to a
foodborne outbreak oyster based on identical viral sequence and epidemiologic investigations. The greatest
strength of the system was its simplicity (Score: 2.63). The acceptability (Score: 2.0) and utility (Score: 2.33)
were modest, but data quality (Score: 1.75) and timeliness (Score: 1.75) were the main challenges.
Conclusions: Overall, the system performed satisfactorily and proved to be useful for virological
characterization of cases and early outbreak detection, with a great potential for scale-up. Further efforts
are required to address financial and human resource constraints and inadequate support among physicians.
Education should be given to health care professionals to improve the data quality. The establishment of

decentralized surveillance networks can be an approach to improve timeliness for emerging infections.
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Introduction

The frequency of outbreaks and the threat of infectious
disease pathogens have been increasing significantly (1,2).
The coronavirus diseases 2019 (COVID-19) pandemic is
the latest one but will not be the last one. It has painfully
proven that our world is under-prepared for large outbreaks
of emerging infectious diseases, especially in developing
countries where the public health and clinical infrastructure
are often inadequate. To prepare for the next epidemic
and to provide a timely and effective response, the World
Health Organization (WHO) recommended scaling up
sequencing-based surveillance, which depositing pathogens’
sequences in public databases, and sharing data among
scientific and public health communities (3). However,
developing countries have more challenges in speeding up
the pace of establishing sequencing-based surveillance.

After SARS, the Chinese government has launched a
national internet-based surveillance system named the
National Notifiable Disease Report System (NNDRS) (4).
Thirty-nine legally notifiable infectious diseases, including
hepatitis A, must be reported electronically by physicians to
the NNDRS within 2 to 24 hours after diagnosis, but this
system does not collect data on the epidemiological details
of the cases and the molecular information of pathogens (5).
Although China is technologically more capable now and
sequencing costs continue to fall sharply, limited efforts have
been made to add sequencing into NNDRS, and sequencing-
based surveillance at a large scale has not been implemented.
Generating know-how guidance for the implementation
of sequencing-based surveillance is urgent to mitigate the
impact of the pandemics now and in the future.

Beginning in March 2019, we conducted a pilot of
sequencing-based surveillance for hepatitis A (HepA) in
5 sentinel provinces in China. HepA was chosen because
reported cases are primarily based on laboratory diagnosis,
the number of cases is manageable and sequencing methods
are widely used. Therefore, sequencing-based surveillance
for HepA was technically and resource-wise among the “low
hanging fruits”. In the meanwhile, the potential utility of
sequence-based surveillance for early outbreak detection
was rising because of China’s globalization and food imports

In this study, we evaluated the performance of the
pilot surveillance using guidelines from the United States
Centers for Disease Control and Prevention (CDC) and
previous studies (6-8). The primary goal is to formally
assess the feasibility and its performance, with the hope of
improving future implementation efforts and identifying
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the key factors contributing to successful implementation.

We present the following article in accordance with
the StaRI reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-1193).

Methods
National Notifiable Disease Report System (NNDRS)

NNDRS is a national internet-based reporting system
for infectious diseases in China. Based on NNDRS, the
incidence of notifiable infectious diseases and demographic
characteristics of reported cases are monitored at different
levels (9). However, the molecular information of pathogens
from sequencing is not part of NNDRS. To be better
prepared for the next epidemic, researchers from the
Chinese CDC and Zhejiang University launched this pilot
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the Research Ethics Committee of the
First Affiliated Hospital, College of Medicine, Zhejiang
University (Number [2019]17). Written or oral consents
were obtained from the patients.

Piloting sequencing-based surveillance for HepA

The sequencing-based enhanced surveillance for HepA was
first initiated in Zhejiang province in March 2019, followed
by Shandong province in June, and Shaanxi, Hainan,
and Hubei provinces in September 2019, and continued
through December 2020. Public health infrastructure,
geographic representation, and financial resources needed
were considered in the selection and duration of the pilot
project. These five provinces (Zhejiang, Shandong, Shaanxi,
Hainan, and Hubei) represented all three social-economical
tiers of China with different HepA morbidity and healthcare
resource levels (10). The incidence of HAV infection varied
and was highest in Hubei at 1.47/100,000, and lowest
in Shandong at 0.53/100,000 in 2015 (11). Government
funding for healthcare also varied across the three regions,
with the eastern region (Zhejiang, Shandong, and Hainan)
having the highest budget (6,194 thousand Yuan), the
western region (Shaanxi) having the lowest budget
(2,643 thousand Yuan) (12).

The pilot was built on case reporting to CDCs via
NNDRS and adding viral sequencing and more detailed
epidemiologic investigation of food and travel exposures, as
shown in Figure I:
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Figure 1 Core activities in the surveillance network. This figure indicates different work schemes of NNDRS in each stakeholder and new

activities that we added for implementing sequencing-based surveillance. NNDRS, National Notifiable Disease Report System; CDC,

Center for Disease Control and Prevention.

Step 1: Specimen collection and transportation to
local CDCs: HepA cases were routinely reported by
physicians from hospitals at the town level and above to
NNDRS within 24 hours after diagnosis (5,13). Case
definition of HepA is uniform nationwide and a case must
be symptomatic patient with a discrete onset of symptoms
consistent with acute viral hepatitis, and jaundice or elevated
serum aminotransferase levels, and a positive anti-HAV
IgM test. To acquire specimens for sequencing, we asked
the clinical laboratories in the sentinel hospitals to preserve
their leftover serum samples and to request that the public
health practitioners (PHPs) perform an epidemiological
investigation within 3 days.

Step 2: Transportation of specimens and collection
of epidemiologic data by local CDCs: information on

© Annals of Translational Medicine. All rights reserved.

demographic, clinical, and epidemiological exposures,
including food habits and work-related exposure, were
collected. A web-based real-time reporting system for data
entry using smartphones or computers was developed. Data
collection by PHP was remotely supervised by our research
team and data collection must be completed within 3 days
after diagnosis. Before the project was launched, PHPs
from each sentinel province were trained during a one-day
training session and were provided with handy problem-
solving support by the study team during the first month.
Step 3: Genomic sequencing and analysis at a central
CDC laboratory: samples were preserved below -20 °C
before they were shipped to a central CDC lab. According
to the manufacturer's instructions, RNA was extracted
using the QIAamp Viral RNA Mini Kit (Qiagen Inc.,
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USA). The RNA of positive samples was then amplified
by nested reverse transcription-polymerase chain reaction
(RT-PCR), using the primers that were previously
described (14,15). The first round of amplification was
performed with the PrimeScript™ One-Step RT-PCR
Kit (TaKaRa, Dalian, China). The PCR Premix TaqTM
DNA Polymerase (Ex Taq"™ Version 2.0 plus dye) from
TaKaRa Biotechnology (Dalian, China) was then used for
the second round of amplification. Eventually, the region
of the VP1-P2A junction region, which is a 391-base-pair
fragment of the HAV genome was amplified. Mega-X was
used for the sequence alignment. A final phylogenetic tree
was constructed based on Neighbor-Joining algorithms
and using the Kimura’-parameter method. The molecular
information of each case was integrated with the clinical
and demographic data using a unique identification number.
Data were cleaned and analyzed by personnel from different
technical backgrounds (e.g., epidemiology, microbiology,
public health, etc.). Local CDCs would be suggested
to perform further epidemiological investigations if we
detected genomic clustered cases. A genomic cluster was
defined as a group of 1 or more laboratory-confirmed HepA
cases that shared an identical VP1-2A junction region.

Evaluation of the sequencing-based surveillance

According to the CDC guideline and previous studies
(6-8,16), we evaluated the performance of the current
surveillance network using the following five aspects:
(I) data quality, (IT) acceptability, (III) simplicity, (IV)
timeliness, and (V) utility. Data for evaluation were
retrieved from the surveillance databases, laboratory
documents, and a questionnaire survey given to PHPs at
the sentinel provinces and central laboratory. The score for
each indicator was defined as follows: Score 1 (<60%, weak
performance); Score 2 (60-79%, moderate performance);
Score 3 (>80%, good performance).

Statistical analysis

Data analysis was conducted using SPSS software version
16.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
were expressed as means and categorical variables as
percentages, and they were compared using the y’ test,
Fisher’s exact test, or Wilcoxon rank-sum test, where
appropriate. P<0.05 was considered statistically significant.
Univariate regression models were used to calculate the OR
values and 95% confidence intervals (CI) for the risk factors
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that were associated with genomic clusters.

Results

Implementation of the sequencing-based surveillance
system and questionnaive survey

A total of 306 cases were reported by sentinel hospitals
(Figure 2). As shown in Table 1, the majority were aged
40-64 years. About 20% of cases were asymptomatic cases
that were detected during medical checkups or preoperative
testing that included a HepA anti-IgM test. Only 237
(77%) patients had serum samples for further analysis. In
total, there were 118 (50%) patients who had detectable
HAV RNA. One hundred and sixteen (98%) specimens
were typed as genotype IA by sequencing and only 2 were
typed as IB. Sequencing indicated that 86% (102/118) of
the patients shared an identical VP1-2A junction region
sequence to one other, while the remaining 16 cases were
sporadic with one or more nucleotide differences; eleven
genomic clusters were found (Figure 3). The questionnaire
survey was completed by 40/103 (39%) of the PHPs
involved in the HAV surveillance.

Evaluation of the surveillance system

Data quality

The mean score for data quality was 1.75. The three
evaluated indicators had a moderate performance (Table 2).
Of 306 enrolled patients who had positive tests for anti-
HAV IgM, 243 patients had symptoms consistent with a
HepA case definition (79.41%). Information regarding the
history of close contact with recent acute hepA cases, travel
history, food exposure, and other clinical characteristics was
collected for 178 patients who had serum sample (75.10%).
The proportion of eligible samples for sequencing analysis
scored the lowest (49.79%).

Timeliness

The mean score for timeliness was 1.75. Of the four
indicators evaluated only one scored 3 points (Zable 2). The
time interval between sample collection and sequencing
analysis reporting was too long. In China, HepA cases must
be reported within 24 hours and this process is supervised
by the public health department in each hospital. However,
considerable reporting delays (49.02%) still occur when
overworked physicians often forget their public health duty
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Figure 2 Total number of reported cases per sentinel province from 2019 to 2020 in China.

Table 1 characteristics of hepatitis A cases reported in sentinel
provinces targeted for sequencing, 2019-2020

Characteristics Reported cases (N=306)

Male patients 186 (61%)
Median age, years (range) 48 [22-97]
22-39 104 (34%)
40-64 161 (53%)
265 41 (13%)

Patients without ALT elevated (%) 63 (20%)

Median ALT, U/L 1,232.60 (range: 8-8,576)

Median TBIL, pmol/L 105.28 (range: 2-1,615)

(Figure 44). The average number of days between diagnosis
and sample collection varied (Figure 4B), but only 75.49%
of the samples were collected promptly, and the lengthiest
period (67 days) was in Shaanxi province.

Acceptability

The mean score for acceptability was 2.0. Obtaining
clinical samples is fairly complicated in China, and during
this investigation, only 17.24% of the PHPs encountered
no refusal to participate by patients. The most common
reason for refusal was an unwillingness to give extra blood
for viral sequencing for patients. Although we used the
leftovers of serum samples when possible, it still leads to
the loss of some specimens because the leftover amount was

© Annals of Translational Medicine. All rights reserved.

insufficient for further examination. Besides, around 28%
of PHPs claimed that they were not get notified in time by
physicians and then could not contact discharged patients,
indicating the acceptability of sequencing-based surveillance
among physicians was not ideal. All the PHPs gave positive
feedback about the supervision and feedback provided by

our surveillance system.

Simplicity

The mean score for simplicity was 2.63. Among all of the
eight indicators evaluated, six had a good performance,
one had moderate performance, and one had weak
performance (Figure 5). For the indicators used to assess the
implementation of the different surveillance activities, most
PHPs had no trouble with implementation except for the
timely transfer of samples to the central CDC laboratory.
Also, laboratory personnel reported that it was easy to
conduct the sample testing procedures.

Utility

Based on the purpose of this study, we evaluated the utility
of the current surveillance system by its ability to achieve
the following three indicators: (I) to detect genomic
clustered cases occurring at different times and in different
places; (II) to provide information on the identification and
characteristics of HAV strains in the five sentinel provinces;
(III) to detect and manage potential HepA outbreak
promptly. Of the three indicators evaluated, two showed
a good performance and one showed a weak performance

Ann Transl Med 2021;9(14):1119 | https://dx.doi.org/10.21037/atm-21-1193
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Figure 3 Phylogenetic analysis of all HAV isolates obtained from 2019 to 2020 in sentinel provinces. Nucleotide (nt) sequences from the VP1/2A junction region
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(Table 2).

We found 11 clusters involving 102 cases from two
provinces (Figure 3). Sixty-two cases (61%) were reported at
different times or in different places, and the most common
risk factor was raw seafood consumption (7uble 3). Forty-
two patients had raw seafood exposure; of these, 74% ate
raw oysters. To identify localized epidemic events, local
CDC used to base on a case count threshold per month
at the catchment area level. An outbreak investigation
would be initiated if two cases were occurring in the same
area within one month. However, the link between those
clustered cases would be unknown without sequencing data.
The new information from sequencing-based surveillance
may help the early detection and management of an
outbreak. For instance, as shown in Figure 6, 40% of cases
from Cluster 1 were dispersed over time and geographic
locations, and sequencing-based surveillance revealed
the virologic links among the sporadic cases, and this
information could advance the detection of this outbreak by
two months if the virologic data had been shared promptly.
According to the abovementioned threshold, the first
two cases of outbreak concerns (SD61 and SD60) were
triggered in February 2020. But, the first two clustered
cases (SD002 and SD086) actually occurred in Dec 2019.
Sequencing-based surveillance could improve the efficiency
of traceback investigation since patients with identical
sequence patterns and similar epidemiologic characteristics
usually suggest a common-source exposure. According
to laboratory data, only 56% of cases that were reported
after Feb 2020 were genetically identical with the outbreak
strains. The combination of epidemiological and virologic
information among clustered cases implicated raw oysters
as the potential vehicle of the outbreak. Communication
campaigns by CDC warned the general public about the
risk of eating raw seafood. Although HAV was not detected
in food samples, the local health authority still halted a
potentially worsening outbreak based on epidemiological
and sequencing evidence (Figure 7).

Main challenges during the pilot
Low yield of RNA sequencing from samples

Less than 50% of the received samples were available for
sequencing. The possible reason for such a low rate is that
the case reporting criteria were more sensitive and not highly
specific in identifying true HepA cases. We compared patients
who had symptoms meeting the surveillance case definitions
for hepatitis A in China and in the United States. Instead of

Ann Transl Med 2021;9(14):1119 | https://dx.doi.org/10.21037/atm-21-1193
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Table 2 The evaluation of the HAV sequencing-based surveillance in sentinel provinces, 2019-2020
Aspects Indicator definition Indicator measurement Indicator value Score’  Performance
Data quality 1.75 Weak
(I) Met NRDSS case definition % of HepA cases 79.41 2
(1) Serum samples for sequencing % of cases obtained serum samples 77.45 2
(1) Samples sequenced % of samples with detectable HAV ~ 49.79 1
RNA
(IV) Completeness of case % of forms with complete data 75.10 2
information
Timeliness 1.75 Weak
(I) Cases reported per NRDSS time % of cases reported within 24 hours 50.98 1
requirement
(1) Timely sample collection % of samples were collected within  75.49 2
3 days
(I Samples timely transferred to % of samples transferred to central 47.36 1
central CDC lab CDC within one month
(IV) Timely sequencing and <1 month: 83.331 to 3
sharing 2 months: 16.67
>2 months: 0.0
Acceptability 2 Moderate
(I) Acceptable to patients % of PHPs never be rejected by 17.24 1
patients
(1) Acceptable to physicians from % of PHPs never fail to contact 72.41 2
sentinel hospital discharged patients due to delayed
reporting
(1) Acceptable to PHP % of PHPs within each category VS: 66.52 3’
[not satisfied (NS), poorly satisfied S:34.48
(PS), satisfied (S), very satisfied (VS)] PS: 0.0
NS: 0.0
Utility 2.33 Moderate
(I) Detecting genomic clusters Eleven clusters were 3
in lab detected
(1) Sharing of HAV sequencing Sequence data were 1
with CDCs available in two
provinces
(1) CDC investigation and outbreak One outbreak was 3

control

detected and managed
promptly

A scale from 1 to 3 was used to provide a score for indicators as follows: <60% scored 1 (weak performance); 60-79% scored 2 (moderate
performance); =80% scored 3 (good performance), the score for each aspect was the mean score of its indicators. *The combined
percentage of “one month” and “one to two months” was used to obtain the score. SThe combined percentage of “very satisfied” and
“satisfied” was used to obtain the score. HepA, hepatitis A; HAV, hepatitis A virus; RNA, ribonucleic acid; PHPs, public health practitioners;
CDC, Centers for Disease Control and Prevention.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2021;9(14):1119 | https://dx.doi.org/10.21037/atm-21-1193



Page 8 of 13 Hu et al. Conducting sequencing-based surveillance in China

100
80

3

» 60

@

o

«

S)

=

[9]

£

5 40

z
20
0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 19 27 30 33 41 52 59
Number of days

200
150

1]

Q

[2]

@

o

G

© 100

[9]

Q

£

>

z
50

——

0123456789101 1213141-516181920232526272832343536384051 52 57 61 62 67

Number of days
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elevated ALT, the case definition used in the United States did not have ALT level at 200 or above, only 17% (8/47)
requiring a high level of ALT of 200. As shown in Table 4, had detectable RNA. Besides, only 79% of reported cases

patients who met the case definition of the United States met China’s case definition Although most PHPs thought
were more likely to have detectable HAV RNA (P=0.003), screening out reports that failed to meet the case definition
and those who met the Chinese HepA case definition and should be easy, the implementation rate was low (10%).
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Figure 5 List of indicators and scores for simplicity, interviews with public health practitioners (N=40). The combined percentage of “very

easy” and “easy” was used to obtain the score. A scale from 1 to 3 was used to provide a score for indicators as follows: <60% scored 1;

60-79% scored 2; >80% scored 3.

Table 3 Comparison of hepatitis A cases did and did not belong to genomic clusters (N=237)

Genomic clusters by

Characteristics Non-cluster (N=140) sequencing Cluster" (N=97) Odd ratio’ (95% CI) P value
Sex (%) 0.050
Female 64 (45.7) 32 (33.0) 1.0
Male 76 (54.3) 65 (67.0) 1.7 (1.0-2.9)
Median age, years (range) 49 [22-97] 40 [25-64] 0.000
Risk factors (%)
Raw seafood exposure 31 (22.1) 42 (43.3) 2.6 (1.4-4.5) 0.001
Raw vegetable exposure 44 (31.4) 43 (44.3) 1.6 (0.9-2.7) 0.165
Recent travel history 14 (10.0) 5(5.2) 0.5(0.2-1.4) 0.122
Household contact 0(0.0) 1(1.0) NA

Data are n (%) unless otherwise specified. 'Comparison between gnomically clustered and non-clustered hepatitis A cases. *4 individuals
in cluster 3 and 1 individual in cluster 6 have no epidemiological information.

Timely reporting

By case reporting regulations, HepA cases must be reported
by physicians within 24 hours. However, from our panel
discussion in the sentinel hospitals, many physicians thought
reporting to NNDRS is not a priority. Considerable
reporting delay occurs when overworked physicians often
forget their public health responsibilities, only 50.98% of
HepA cases were reported to NNDRS within 24 hours.
Delayed reporting resulted in delayed serum sample
collection and epidemiological investigation by the PHPs.

Financial and human resource burden

The main implementation challenges were additional
burdens of human and financial resources, making timely

© Annals of Translational Medicine. All rights reserved.

sample collection and transportation difficult to sustain.
Designated PHPs had to retrieve samples from every
sentinel hospital and arranged transportation to the central
laboratory. Due to time and cost restraints, the frequency
of transport varied in different sentinel provinces, and less
than half of the samples were sent to the central laboratory
within one month. Secondly, around 38% of the PHPs we
interviewed complained about work overload, which also
impacted the sample collection and transportation.

Discussion

During 2019-2020, the sequencing-based surveillance in
the sentinel provinces performed moderately well. The

Ann Transl Med 2021;9(14):1119 | https://dx.doi.org/10.21037/atm-21-1193
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utility of the system was demonstrated by its ability to
monitor the spatial and temporal trends of the HAV isolates
circulating in sentinel provinces and to facilitate the timely
identification and management of HAV outbreaks. The
gaps and challenges affecting the surveillance performance
were overcomable. For example, the quality of surveillance
data can be improved by training. With more resources,
the timeliness problem can be solved, so public health
authorities can identify emerging problems and take early
action. These challenges are similar in many developing
countries (17-22).

Addressing the data quality problem should be the
priority. In contrast to other developing countries where
missing or inaccurate data may have affected the results
of the reported trends (23), the data generated from the
sentinel provinces was of relatively good quality regarding
completeness. However, some key variables were missing
due to the individual’s concern for privacy. We believe
that credit for this improvement should go to using
the electronic reporting system that uses smartphones
or computers connected to the network service, which
facilitates more accurate, convenient, and timely quality
control of the data. With the increased popularity of
smartphones and other information technologies, it
provides a huge potential for scaling up surveillance in
developing countries.

However, the main reason for the low yield rate of RNA
sequencing is likely linked with the diagnostic quality and
physicians’ attitudes toward the surveillance. Currently,

© Annals of Translational Medicine. All rights reserved.
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the Chinese criterion for HepA case definition does
not specify the cutoff value to define the term “elevated
aminotransferase levels”. Meanwhile, HAV infection
symptoms are often vague and may resemble symptoms of
the flu and other common illnesses at the early stage of the
infection, allowing some physicians to use their discretion
liberally to identify patients. The overuse of detection
measures can further fuel the situation mentioned above.
Researchers have shown that positive anti-HAV IgM existed
among individuals who did not have HAV infection (24-26),
and patients who had other medical conditions could be
misdiagnosed based on the anti-HAV IgM test. Moreover,
convalescent persons could also be reported as new cases
since it usually takes 3 to 6 months for IgM to become
undetectable (27) and the persistence of IgM for years after
the primary infection also existed (28). Since performing
sequencing for these patients would be a waste of the
limited human and financial resources, more accurate and
specific criteria for HepA sequencing should be developed.

"Traditional medical education is largely inadequate (29)
and training programs are needed about sequencing-based
surveillance and its value for individual and population
health. Besides, similar to other countries (30), potential
reasons for problems in data quality may have included the
high volume of inpatients seen by the doctors. Integrating
the reporting system with hospitals’ existing electronic health
records could be a possible solution. The reporting efficiency
will substantially improve if physicians can enter data directly
into the electronic health record, allowing the system to
extract data that already exists in the record automatically.

As a cornerstone of the laboratory-based surveillance
network, the Central CDC laboratory should analyze the
sequence data quickly to constructing an accurate picture
of the transmission dynamics of pathogens to detecting
outbreaks promptly. While the web-based reporting system
allowed the timely transmission of data, some delays
were experienced in the shipment of samples. Therefore,
feedbacks were often delayed. Various sophisticated data-
sharing platforms that have been established in developed
countries have shown that decentralized surveillance
networks will substantially shorten the time of result’
feedback and make the prompt detection of potential
outbreaks possible (31). Samples are transported to a local
laboratory for testing without long-haul transports. After
being analyzed, the sequence data are uploaded to the
central laboratory for further analysis (https://www.rivm.nl/
en/havnet). This process may introduce several advantages,
including reduced transportation cost, a decreased workload

Ann Transl Med 2021;9(14):1119 | https://dx.doi.org/10.21037/atm-21-1193
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Figure 7 Timeline of hepatitis A cases reported to local Centers for Disease Control and Prevention from April 2019 to June 2020 in one

sentinel province (N=211).

Table 4 Demographic and clinical characteristics of cases met the surveillance case definition for Hepatitis A of China and United States

Patients met case definition of HepA in China Patients met case definition of HepA in the United

Characteristics (N=206) states (N=159) P value
Age, years (mean = SD) 46+13 43+12 0.113
Gender (% male) 62.1 67.9 0.251
Median ALT, U/L 1,014.8 (range: 16-8,586) 1,789.1 (range: 202-8,586) 0.000
Median TBIL, pmol/L 85.1 (range: 3.2-1,615) 131.5 (range: 10.40-1,616) 0.037
Detection rate of HAV RNA 116 (56.31%) 114 (71.70%) 0.003

in sample, N (%)

HepA, hepatitis A; ALT, alanine transaminase; TBIL, total bilirubin; RNA, Ribonucleic Acid; CDC, Centers for Disease Control and

Prevention.

for PHPs, and a reduced dependency on skilled technicians
at the local labs, as the central lab can perform further
analysis, and then deliver the results to the local CDCs.
A possible foodborne HAV outbreak occurred during the
study. But samples could not be delivered to the central
CDC due to the COVID-19 pandemic. Emergency actions
were deployed, and the samples were transported to a local
laboratory capable of sequencing. The experiment protocol
from the central lab was shared with local personnel.
Ultimately, the results turn out to be acceptable. This
was a good example of utilizing a decentralized network.
However, more investment in local laboratories utilities
and advanced training programs for personnel is needed,
especially for less economically developed countries.

© Annals of Translational Medicine. All rights reserved.

"The major limitation of this study is that we only selected
five sentinel provinces based on voluntary participation and
our findings may not be widely generalizable. However,
we are confident that the provinces we selected were
represented as the three social-economical areas of China
with different HepA morbidity and healthcare resources.
This study provides an informative overview of how to
implement sequencing-based surveillance, how to operate at
a large scale with sustainability, and the challenges that need
to be addressed in China.

Conclusions

Opverall, the system performed reasonably well and provided
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reliable data in the China context. Timeliness and data
quality are among the main challenges, due to financial and
human resource constraints and inadequate support among
Chinese physicians regarding public health surveillance.
Enhanced sequencing-based surveillance can be feasible
with innovation and investments, including developing
more suitable criteria for case detection, conducting training
and education for physicians, and establishing decentralized
surveillance networks.
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