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Abstract—Since the COVID-19 epidemic is still expanding around the world and poses a serious threat to human life and health, it is

necessary for us to carry out epidemic transmission prediction, whole genome sequence analysis, and public psychological stress

assessment for 2019-nCoV. However, transmission prediction models are insufficiently accurate and genome sequence

characteristics are not clear, and it is difficult to dynamically assess the public psychological stress state under the 2019-nCoV

epidemic. Therefore, this study develops a 2019nCoVAS web service (http://www.combio-lezhang.online/2019ncov/home.html) that

not only offers online epidemic transmission prediction and lineage-associated underrepresented permutation (LAUP) analysis serv-

ices to investigate the spreading trends and genome sequence characteristics, but also provides psychological stress assessments

based on such an emotional dictionary that we built for 2019-nCoV. Finally, we discuss the shortcomings and further study of the

2019nCoVAS web service.

Index Terms—2019-nCoV, COVID-19, epidemic prediction models, LAUPs (lineage-associated underrepresented permutations), psycholog-

ical stress assessment, genome analysis
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1 INTRODUCTION

THE COVID-19 epidemic, caused by the pathogenic virus
2019-nCoV, is still expanding around the world and

poses a serious threat to human life and health [1]. Thus, it
is critical for us to carry out epidemic transmission predic-
tion [2], [3], genome sequence analysis [4], [5], and public
psychological stress assessments [6], [7] for 2019-nCoV.

From the perspective of epidemic transmission, the basic
reproduction number (R0) is one of the key parameters for
2019-nCoV epidemic transmission prediction [8], [9], [10],
[11], [12]. Although previously well-developed SIR [13]
or SEIR [14] models can estimate the basic reproduction
number (R0), neither SIR nor SEIR consider the factors of
suspected patient quarantine. Furthermore, the most com-
monly used web services of 2019-nCoV [5], [15], [16] only
focus on the statistical analysis of real epidemic data, and

there are only a few online predictive services with different
epidemic transmission models.

From the perspective of genome sequence analysis,
recent studies [17], [18], [19] performed sequence analy-
sis and phylogenetic tree construction for 2019-nCoV.
Most of these studies employed k-mer counting as a
basic method to explore the frequent subsequence of
genomes [20]. However, the k-mer counting method did
not consider the characteristics of subsequences such as
permutation specificity and CG content change from the
perspective of lineage for 2019-nCoV, and sequencing
errors cannot be avoided for the frequently mutated
2019-nCoV. Therefore, we cannot accurately and compre-
hensively describe the characteristics of the 2019-nCoV
genome only by k-mer counting.

From the perspective of public psychological stress
assessment, many previous studies [21], [22], [23] investi-
gated the impact of 2019-nCoV on the public psychological
stress state. For example, Chang et al. [21] evaluated the psy-
chological health of 3881 students from Guangdong Univer-
sity using self-compiled 2019-nCoV scales. Fan et al. [22]
assessed the psychological health status of people in Gansu
Province through questionnaires. However, since we usu-
ally employ questionnaires to collect data, the population
coverage is so narrow that it is difficult to dynamically
assess the public psychological state and develop a profes-
sional emotional dictionary for 2019-nCoV. Furthermore,
previous studies did not consider the connections among
the public psychological stress state, real epidemic trends,
and genome variation rate.
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For these reasons, we developed an easy-to-use 2019
Novel Coronavirus Analysis Service (2019nCoVAS, http://
www.combio-lezhang.online/2019ncov/home.html) with
the following three major innovations.

First, 2019nCoVAS not only implements such a predic-
tive model that considers the factors of suspected patient
quarantine but also offers online epidemic transmission pre-
diction and R0 trend analysis.

Second, 2019nCoVAS downloads all open 2019-nCoV
genomes from mainstream databases for sequence analysis,
as well as uses JBLA [24] to count and analyze the common
lineage-associated underrepresented permutations (LAUPs)
for all 2019-nCoV genomes. Additionally, we introduce
MOTIF discovery [25] to find the frequent permutation pat-
tern of common LAUPs since it can successfully describe
the sequence characteristics of the genome [24], [26], [27]
from the perspective of never-existing permutations. Thus,
2019nCoVAS can help us to improve the accuracy of
sequence and phylogenetic analysis.

Thrid, 2019nCoVAS not only builds up an emotional dic-
tionary of 2019-nCoV by crawling big Weibo data [38] that
can significantly expand the data size from the question-
naire but also provides related services such as high-fre-
quency vocabulary visualization and public psychological
stress assessments.

In general, 2019nCoVAS can provide epidemic transmis-
sion prediction, genome sequence analysis, and public psy-
chological stress assessment for 2019-nCoV.

2 IMPLEMENTATIONS

2.1 Epidemic Transmission Prediction

In the beginning, we obtained the 2019-nCoV epidemic data
for China by Akshare [28] from January 20 to May 1, 2020.
The data consists of the number of confirmed cases, sus-
pected cases, and deaths. We developed a Python script to
preprocess the data. It should be noted that since Hubei
Province added 14840 newly confirmed cases on February
12 due to a change in detection standards [29], we must pro-
portion the newly confirmed cases on February 12 from Feb-
ruary 7 to February 12.

To predict the epidemic transmission and basic repro-
duction number (R0) for 2019-nCoV, we build up three epi-
demic transmission predictive models: SIR, SEIR, and
SEIRQ. In particular, the SEIRQ model considers quaran-
tined case factors, which can be used to predict epidemic sit-
uations under the condition of suspected quarantine cases.
Next, we discuss these models.

2.1.1 SIR Model

Fig. 1 shows that the SIR model [30] classifies the total popu-
lation into susceptible (S), infected (I), and recovered (R)
populations. The susceptible (S) population transforms to
infected (I) according to infection rate b (eq. (1) of the sup-
plementary file, which can be found on the Computer Soci-
ety Digital Library at http://doi.ieeecomputersociety.org/

10.1109/TCBB.2021.3049671), and infected (I) gradually
recovers (R) at recovery rate g (Eq. 2 of the supplementary
file, available online). Related methods are listed in supple-
mentary file S1.1, available online.

2.1.2 SEIR Model

Since 2019-nCoV has a latent period, Fig. 2 introduces a
SEIR model [14] that considers the exposed factor (E), which
carries the virus without symptoms. Here, the susceptible
(S) population gradually transforms into exposed (E) rather
than infected (I). The exposed (E) gradually converts to
infected (I) with the conversion ratio a, and the infected (I)
eventually converts to recovered (R).

The conversion relationship between exposed (E) and
infected (I) is described by 1 [14], and the rest of the infor-
mation is listed in supplementary file S1.2, available online.

dE tð Þ
dt

¼ bS tð ÞI tð Þ
N

� aE tð Þ: (1)

Here, a represents the probability that the exposed (E)
will transform into infected (I). N is the sum of SðtÞ; IðtÞ,
and RðtÞ.

2.1.3 SEIRQ Model

After we quarantined the suspected patients for 2019-nCoV
outbreaks in China [1], we proposed a novel infectious
SEIRQ model by considering the quarantined population,
which is based on a modified SEIR model [31]. Fig. 3 shows
a schematic diagram for SEIRQ.

Based on SEIR model, SEIRQ model incorporates two
types of quarantined populations. One is the quarantined
patients in observe(O), and the other is the quarantined
patients in treatment(T).

The susceptible (S) population will gradually change to
the quarantined in observed (O) at a quarantine rate d1. Sus-
ceptible (S) is transformed into exposed (E) at infection rate
b. The exposed (E) is quarantined into the quarantined in
observed (O), and the quarantine rate is ". At the same
time, the exposed (E) is transformed into the infected (I) at

Fig. 1. SIR model. Fig. 2. SEIR model.

Fig. 3. SEIRQ model.
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rate a. After the quarantine period, the quarantined in
observed (O) is quarantined into susceptible (S) at quaran-
tine rate d2, which is considered to be uninfected. The quar-
antined in observed (O) will become the quarantined
patients in treatment at rate u1. Infected (I) is confirmed in
quarantined patients in treatment (T) at rate u2. Meanwhile,
the infected die at rate m2. The quarantined patients in
treatment (T) gradually recover (R) at a recovery rate g.
Finally, the quarantined patients in treatment (T) die at rate
m1. Table 1 and supplementary file S1.3, available online list
the key parameters and equations, respectively.

To validate the predictive capacity of the model, we
selected real data from January 20 to January 30 as the train-
ing data to predict the number of infected populations for
the SIR, SEIR, and SEIRQ models (Fig. 4A). We also use the
cross-validation method [32] to compute the average root
mean square error (AVG_RMSE) for the three models by
Eq. (2). Fig. 4B shows the AVG_RMSE values that describe
the deviation between the predictive and actual curves.

Specifically, we select the first two days of real data as
training data and the next day as testing data to calculate
the root mean square error (RMSE [33], eq. (2.1)). Then, we
add the third-day data to the training dataset and compute
the RMSE value by using the fourth-day data as the training
data. Next, we use the same rule for three day-forward iter-
ations.

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

N

XN
i

xreal;i � xmodel;i

� �2
vuut (2:1Þ

AVG RMSE ¼
PD

j RMSEj

D
: (2:2Þ

Here, xreal;i and xmodel;i represent the real confirmed case
number and the number of infections predicted by the
model, respectively. N is the number of days of testing data,
and D represents the number of days of day-forward
iterations.

2.2 Basic Reproduction Number (R0Þ Estimation

We usually employ R0 to describe the dynamic change for
the infective trend, which is computed by eq. (3) for each
day [34]. R0 represents the average number of people
infected with one person who can be transmitted to others
without external intervention and group immunity [35].

R0 ¼ 1þ �Tg þ r 1� rð Þ �Tg

� �2� �
(3)

Here, r is the ratio of the incubation period to the gener-
ation time. � is the growth rate during early exponential
growth. Tg is the sum of the incubation period and the infec-
tion period [34].

2.3 Genome Sequence Analysis

For 2019-nCoV genome sequence analysis, we down-
loaded all 2019-nCoV genome sequences and variation

Fig. 4. Comparison between predicted and actual curves. (A) Predictive
and actual curves for infected population. Horizontal and vertical axes
represent date and average infected population value, respectively. (B)
Average RMSE for SIR, SEIR, and SEIRQ models. Here, horizontal and
vertical axes represent date and average RMSE value, respectively.

TABLE 1
Key Parameters of SEIRQ Model

Symbol Significance Symbol Significance

S Susceptible
population

I Infected population

R Recovered
population

E Exposed population in
latent period

O Quarantined
patients in
observed

T Quarantined patients in
treatment

D Deaths aa Incidence rate of exposed (E)
bb Infection rate gg Cure rate
dd1 Quarantine rate

of susceptible (S)
dd2 Quarantine rate of

quarantined (Q)
�� Quarantine rate

of exposed (E)
uu1 Rate at which quarantined in

observed (O) become
quarantined in treatment (T)

uu2 Incidence rate
of infected
patients (I)

mm1 Death rate of quarantined
patients in treatment (T)

mm2 Death rate of
infected
patients (I)
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data from the 2019nCoVR [18] and GISAID [36] data-
bases. We also compared 2019-nCoV with other coronavi-
rus genomes by using all coronavirus sequence data from
the NGDC [37].

To analyze the LAUP sequence characteristics for the
2019-nCoV genome, we used the Jellyfish-based LAUP anal-
ysis (JBLA) application [24] to compute the underrepre-
sented sequence Eq. (4) and common LAUPs. We also
introduced the MOTIF discovery method [25] to find the
most frequent arrangement pattern in the common LAUPs
and provide data download services to help users conduct
further sequence and phylogenetic analysis. To analyze the
connections among the variation rate, epidemic transmis-
sion trend, and public psychological stress state, we
counted the average variation rate for 2019-nCoV genomes
every day.

2.3.1 Multi-Genome LAUPs Analysis

To investigate the characteristics of the 2019-nCoV
sequence, we used Jellyfish [38] to calculate all k-mers for
2019-nCoV and then calculated the LAUP [24] sequence for
each 2019-nCoV genome by Eq. (4).

LAUPsk ¼ CSim setk Kwg setkð Þ (4)

Here, Sim setk includes all possible 4k k-mers. Kwg setk
contains permutations in which all k-mers have appeared in
the genome of 2019-nCoV. LAUPs are defined as comple-
ments of Kwg setk on Sim setk.

In addition, we calculated the common LAUPs for the
whole 2019-nCoV by Eq. (5) [24], determined the shortest
common LAUPs, and analyzed the GC content of the com-
mon LAUPs by Eq. (6).

CommonLAUPs ¼ \
XN
i¼1

LAUPsik

 !
: (5)

Here, k is the length of LAUP and N is the total number
of all new coronavirus genomes.

contentGC LAUPkð Þ ¼ num Gkð Þ þ num Ckð Þ
k

: (6)

Here, k is the length of LAUP. The function num () indi-
cates the number of bases. Content_ GC () is used to calcu-
late the content of CG and LAUP.

As a single-strand positive-sense RNA virus, 2019-
nCoV follows all the molecular rules of the RNA world.
Two of the primary rules are U as a nuclear base, instead
of T in DNA, and a secondary structure formed by single-
strand RNA molecules that are mostly intramolecular
[39]. To apply k-mer and LAUP concepts in 2019-nCoV
data analysis, we first convert the full sequence of the
virus into k-mers of various lengths and subsequently
look for LAUPs by comparing them with two k-mer
pools: one contains random k-mers generated in limited
GþC and AþG content windows, and the other is gener-
ated from all unique and high-quality RNA vuses. In this
protocol, LAUPs contain sequence-derived permutations
that are excluded by RNA viruses. Therefore, in doing so,
we are not only able to avoid the impact of genome

sequencing errors, but also discover sequences that are
negatively selected by viral populations [24].

Virus-infected humans, individual animals, and popula-
tions often serve as hosts for viruses to select their best fit-
ness by forming quasi-species where deleterious mutations
are excluded so that the viral fitness is evolved. In this pro-
cess, LAUPs as a set of sequences are subjected to selection
in terms of secondary structures and targets of cellular
RNA surveillance and interactive systems (such as RNA
degradation and miRNA targeting), which is complement
to the selection of protein sequences. These analyses of
LAUPs can help us to improve the accuracy of genome
sequence and phylogenetic analyses as well as viral biology
and host pathophysiology.

2.3.2 Statistic Analysis of Genome Variation Rate

To analyze the connections among the 2019-nCoV epidemic,
genome variation, and public psychological stress state,
Eq. (7) computes the median variation rate. Then, we can
visualize the trend of the variation rate under the real epi-
demic situation and public psychological stress state (Sec-
tion 2.3), and investigate their connections.

Variation median

¼
VariationNþ1

2
N mod 2 ¼ 1

1
2 VariationN

2
þVariation N

2þ1ð Þ
� �

N mod 2 ¼ 0

8<
: :

(7)

Here, N represents the number of all 2019-nCoV
genomes on this day. Variation represents the sorted varia-
tion rate array of the day.

2.4 Psychological Stress Assesment

To obtain the Chinese public psychological stress data for
2019-nCoV, we built a crawler program based on the Weibo
[40] API that crawled the data for all tweets and comments
about 2019-nCoV from January 1 to March 31, 2020. Table 2
shows a set of searching Chinese strings of 2019-nCoV for
our crawler program.

To dynamically assess the public psychological stress
state during the epidemic, we proposed an automatic
expansion method for the emotional dictionary in two steps.
First, we employ a left and right information entropy algo-
rithm [41] to locate the candidate words and construct the
emotional dictionary. Second, we use the SO-PMI [42] and
word2vec algorithms [43], [44] to determine the emotional
polarity for the candidate words and screen new words for
emotional polarity discrimination.

Thus, we developed two corresponding features for our
web server. One builds an emotional dictionary for 2019-
nCoV, which can highlight its high frequency vocabulary.
The other assesses and visualizes the dynamic changes for
the public’s positive and negative emotions in response to
2019-nCoV at different time points. These features not only
are able to provide a retrospective assessment function for
psychologists but can also be used as references for national
policy development.
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2.4.1 Exploring Candidate Word

We introduce left and right information entropy [45], [46] as
a quantitative measure for the boundary degrees of freedom
of candidate words by Eq. (8). The left and right information
entropies for the candidate string (w) are labeled Hl and Hr,
respectively.

Hl ¼ �
X
wl2sl

p wljwð Þlog 2p wljwð Þ (8:1Þ

Hr ¼ �
X
wr2sr

pðwrjwÞlog 2pðwrjwÞ: (8:2Þ

where sl is the left adjacency set of candidate word w, wl is
an element in sl, sr is the right adjacency set of candidate
word w, and wr is the element of sr.

2.4.2 Discrimination of Emotional Polarity Based on

PMI and Word2Vec

The SO-PMI algorithm [47], [48], [49] is mainly used to
determine the degree of correlation between words. We
employ it to compute the mutual information between
words by Eq. (9).

PMI ¼ log 2

p wi; wj

� �
p wið Þ � p wj

� �
 !

: (9)

Here, word probabilities pðwiÞ, pðwjÞ and joint probabili-
ties pðwi; wjÞ can be estimated by counting the number of
observations of wi and wj as well as the co-occurrence of wi

and wj [50].
Here, the high mutual information indicates a high prob-

ability for the co-occurrence of two emotional words in
many texts. We also introduced the Semantic Orientation
(SO) [48] to determine whether a certain emotional word W
is positive or negative by Eq. (10).

SO Wð Þ ¼ PMI W;bþð Þ � PMI W; b�ð Þ: (10)

We need to select two sets of seed words to compute SO.
One is the obvious positive tendency (bþ), and the other is
the obvious negative tendency (b�).

3 PERFORMANCE

Fig. 5 shows the home page for 2019nCoVAS, the top of
which is the functional navigation bar. The “home page”
link shows the main features of 2019nCoVAS, followed by
four drop-down menus: “infectious disease model,”
“genome sequence analysis,” “psychological stress asses-
sment,” and “related links.”

3.1 Infectious Disease Model

The “infectious disease model” offers two functional modes.
One is “epidemic transmission prediction,” which can pre-
dict the epidemic transmission for 2019-nCoV by SIR, SEIR,
and SEIRQ. The other is “R0 trend analysis,” which can carry
out trend analysis for the basic reproduction number (R0).

3.1.1 Epidemic Transmission Prediction

After clicking the “epidemic transmission prediction” link,
the user can employ the selective interface to input the start
and end dates and choose the appropriate epidemic trans-
mission predictive models (Fig. 6A), which are comprised
of SIR, SEIR, and SEIRQ. Finally, users can view epidemic
transmission predictions by clicking the “submit” button
(Fig. 6A) or clicking the “reset” button to restore the
parameters.

The predictive results are composed of two parts. One is
Fig. 6B, which shows the estimated parameters such as the
infective rate (b), incidence rate of the exposed (a), and cure
rate (g). The other is Fig. 6C, which shows the predicted epi-
demic transmission curve. For example, after choosing

TABLE 2
Searching Chinese Strings of 2019-nCoV

No. Searching Chinese
strings

English Translation

1 冠状病毒/新冠病毒 Coronavirus/COVID/
SARS-Cov-2/2019-nCoV

2 肺炎 Pneumonia
3 疫情 Epidemic
4 防控 Prevention and control
5 感染 Infect/Infection
6 医院 Hospital
7 确诊病例/患者 Confirmed cases/patients
8 新确诊病例/患者 Newly confirmed cases/

patients
9 武汉/湖北 Wuhan/Hubei
10 出院 Discharged
11 死亡 Death
12 密切接触 Close contact
13 口罩 Face mask

Fig. 5. Home page of 2019nCoVAS.
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“2020-1-20” and “SEIRQ,” Fig. 6B lists the estimated param-
eters. Fig. 6C shows the predicted infected case curve and
the real confirmed case curve.

3.1.2 R0 Trend Analysis

After clicking the “R0 trend analysis” link, the user can
employ a selective interface to choose the start date
(Fig. 7A) and the epidemic transmission predictive model
(Fig. 7A), which includes SIR, SEIR, and SEIRQ. The user
can obtain the dynamic trend for R0 by clicking the
“submit” button (Fig. 7A) or clicking the “reset” button to
restore the parameters to their default values. Here, R0 indi-
cates the infectivity of the disease. We usually consider that
the epidemic situation is well controlled when R0 is less
than 1 [51].

Fig. 7B shows the daily R0 trend Eq. (3). For example,
after choosing “2020-1-20” and “SEIRQ,” Fig. 7B shows that
R0 continues to decrease, but it is still greater than 1 until
the end of April.

3.2 Genome Sequence Analysis

The “genome sequence analysis” has three features. The
first is “genome k-mer analysis,” which can count k-mers
and analyze the genome of 2019-nCoV. The second is
“genome LAUP analysis,” which can explore LAUPs for the
2019-nCoV genome. Third is “genome variation analysis,”

which can investigate the connections among the genomic
variation rate, real number of infection cases, and public
positive emotional rate.

3.2.1 Genome K-Mer Analysis

After clicking the “genome k-mer analysis” link, the user
can employ the selective interface to input the start and end
dates and choose the length of the k-mer (Fig. 8A). The user
can click the “submit” button to obtain the k-mer counting
results for all 2019-nCoV genomes in the selected time
period (Figs. 8B and 8C), or click the “reset” button to
restore the parameters to their default values.

The k-mer analysis consists of two figures. One is
Fig. 8B, which shows the abundance histogram [52] of the
k-mer counting results. The other is Fig. 8C, which shows
the top 10 k-mer permutations with the most frequent
occurrences for all 2019n-CoV genomes in the selected
time period. Additionally, the user can click the “data
download” button (Fig. 8C) to download the detailed k-
mer counting file.

For example, after choosing start data “2020-01-23,” end
date “2020-04-30,” and length of k-mer “12” (Fig. 8A),
Fig. 8B shows that the peak of the 12-mer frequencies of
2019-nCoV appeared at abundances of 6, whereas that of all
coronaviruses appeared at abundances of 12. Fig. 8C shows
that the most frequent 12-mer permutation for 2019n-CoV is
“TTTTTTTTTTTT.”

3.2.2 Genome LAUPs Analysis

After clicking the “genome LAUP analysis” link, the user
can employ a selective interface to select the start and end
dates (Fig. 9A) and then click the “submit” button to obtain
the LAUPs analysis for all 2019-nCoV genomes in the
selected time period (Figs. 9B and 9C), or click the “reset”
button to restore the parameters to their default values.

The LAUP analysis consists of two figures. One is Fig. 9B,
which shows the statistics of common LAUPs. The other is
Fig. 9C, which shows the statistics of CG content Eq. (6) for
the common LAUPs of all 2019n-CoV genomes in the

Fig. 6. Epidemic transmission prediction. (A) Infectious disease model
selective interface. (B) Estimated parameters. (C) Predicted result. Hori-
zontal and vertical axes represent date and number of infected people,
respectively. Red and blue represent real confirmed cases and predicted
number of infected people, respectively.

Fig. 7. R0 trend analysis: (A) Selective interface. (B) R0 trend; horizontal
and vertical axes represent date and value of R0, respectively.
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selected time period. Additionally, the user can click the
“data download” button (Fig. 9C) to download the detailed
LAUP analytical file.

For example, after choosing start date “2020-01-23” and
end date “2020-06-01” (Fig. 9A), Fig. 9B shows that the
length of the shortest common LAUPs of 2019-nCoV is 6,
whereas the length of the shortest common LAUPs for all
coronavirus sequences is 8. If the 6-mers of a genome
sequence have any common LAUPs of 2019-nCoV when
constructing the phylogenetic tree, this indicates that a dis-
tant genetic connection between this genome and the
genome of 2019-nCoV. Since the number of common LAUPs
is small, its computing cost is much lower than when using
the normal sequence alignment method to investigate the
connections between the candidate genome and the
genomet of 2019-nCoV. Fig. 9C shows that the LAUPs’ CG

content of 2019-nCoV is greater than that of all coronavi-
ruses under the same length of K.

3.2.3 Genome Variation Analysis

After clicking the “Genome variation analysis” link, the user
can employ a selective interface to select the start and end
dates (Fig. 10A) and then click the “Submit” button to obtain
the dynamic visualization of the genomic variation rate for
all 2019-nCoV genomes in the selected time period
(Fig. 10A) or click the “Reset” button to restore the parame-
ters to default.

Fig. 10B visualizes the daily median genome variation
rate eq. (7), number of new infections in the real epidemic,
and public positive emotions eq. (10). Additionally, the user
can click the “data download” button (Fig. 10B) to down-
load the detailed variation rate result file.

For example, after choosing start date “2020-01-23” and
End date “2020-03-15” (Fig. 10A), Fig. 10B shows that the
virus variation rate gradually increases, the new confirmed
cases continue to decrease, and the public positive emotion
rate gradually returned to zero after February 19.

3.3 Psychological Stress Assessment

The “psychological stress assessment” offers two functional
modes. One is the “public psychological stress assessment,”

Fig. 8. Genome k-mer analysis: (A) Selective interface. (B) Abundance
histogram of k-mer counting results. Horizontal axis represents abun-
dance of k-mers, and vertical axis represents frequency of k-mers with
that abundance in the relevant genome [52]; red and blue lines represent
2019-nCoV and all coronavirus sequences, respectively. (C) Top 10 k-
mer permutations with most frequent occurrence. Vertical and horizontal
axes represent k-mer permutation and counting value of k-mer,
respectively.

Fig. 9. LAUP analysis: (A) Selective interface (b) LAUP number statis-
tics. (c) CG content statistics of LAUPs; red and blue lines represent
2019n-CoV and all Coronavirus sequences, respectively.
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which can analyze the dynamic public psychological stress
state under the epidemic situation; the other is “analysis of
emotional words,” which can visualize the high frequency
of emotional words for 2019-nCoV.

3.3.1 Public Psychological Stress Assessment

After clicking the “public psychological stress assessment”
link, the interface displays the rate of positive and negative
emotion per day (Fig. 11A). The user can select the period of
observation by dragging the scroll bar from left to right.
Additionally, the user can select the start and end dates of
statistics from two drop-down boxes (Fig. 11B). Finally, the
user can click the “download” button to obtain the analytic
results based on the selected date.

The analytic results are composed of two components
(Fig. 11A). The top of Fig. 11A shows the proportional distri-
bution of the positive emotion rate over time (in days), and
the bottom of Fig. 11A shows that of the negative emotions.
For example, the proportion of positive emotion is low
before February 5, whereas the negative emotion is high
before February 3. However, positive emotion gradually
increases and negative emotion gradually decreases after
February 5.

3.3.2 Analysis of Emotional Words

After clicking the “analysis of emotional words” link, the
interface displays the word clouds (Fig. 12A) for all

emotional words generated during the epidemic period
(February 2020 to April 2020). Additionally, the user can
query words through the text box (Fig. 12B) and click the
“submit” button to have emotional polarity for the word
from the text box.

The word clouds (Fig. 12A) include positive words, nega-
tive words, and neutral words. Here, the font size of a word
is positively related to its occurrence frequency. After typ-
ing “加油” and clicking the submit button, Fig. 12B shows
that the emotional polarity of the word is positive. In addi-
tion, considering that the words in the source data are in
Chinese, we translated the top five emotional words in
Fig. 12C.

3.4 Related Links

Finally, “related links” include well-developed tools such as
“motif discovery” [25] and “CGIDLA” [26], in which “motif
discovery” can provide an online service for motif discovery
[25], and “CGIDLA” [26] can help us further analyze the CG
permutation specificity of LAUPs.

4 CONCLUSIONS

2019nCoVAS provides an informative and interactive plat-
form for the analysis and visualization of epidemic trans-
mission prediction, genome sequence analysis, and public
psychological stress assessments.

Fig. 10. Genome variation analysis0 (A) Selective interface. (B) Visualization of genome variation rate, real confirmed cases, and public posi-
tive emotion. Vertical axis represents date, and horizontal axis represents number of confirmed cases, rate of genomic variation, and propor-
tion of public positive emotions (%). Red, green, and blue represent newly confirmed cases, genome variation rate, and public positive
emotion rate, respectively.
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Fig. 4 demonstrates that the average RMSE (Eq. (2)) of
SEIRQ is significantly less than that of the SIR and SEIR
models between January 24 and January 30. This occurred
because Wuhan started using strict isolation measures on
January 24 [53] and most Chinese provinces started the
level-one response to public health emergencies on
January 30 [54]. Thus, the SEIRQ model, which has isolation
features, is more suitable for epidemic cases with isolation
measures. Fig. 6C demonstrates that the number of infective
cases predicted by SEIRQ is less than the number of real
confirmed cases in February, implying that the epidemic
may be underestimated in February. Additionally, Fig. 7B
shows that R0 estimated by SEIRQ continues to decrease but
is still greater than 1 until the end of April, indicating that
the epidemic will continue.

Second, Fig. 8 shows that 2019-nCoV has a strong speci-
ficity of permutation and base content compared with other
coronaviruses by genome sequence analysis. For example,
Fig. 8B shows that the peak of the 12-mer frequency of 2019-
nCoV appeared at different abundances from those of other
coronaviruses. Additionally, Fig. 9 demonstrates that the
length of the shortest common LAUPs of 2019-nCoV is dif-
ferent than that of other coronaviruses (Fig. 9B), and the CG
content of LAUPs of 2019-nCoV is greater than that of other
coronaviruses under the same length of K (Fig. 9C).

Additionally, through dynamic visualization of varia-
tion, we found that the variation rate is gradually
increasing, the number of newly confirmed cases is
decreasing, and the public emotion gradually calmed

(Fig. 10B) after February 19, which indicates that the
government’s prevention and control measures quickly
controlled the epidemic and effectively stabilized the
public mood.

Third, Fig. 11 shows that the positive mood gradually
increased and the negative mood gradually decreased
(Fig. 11A) after February 5. We consider that this phenome-
non may be related to the government’s prevention, control
measures, and major news events such as the completion of
Leishenshan Hospital on February 8 [55]. According to the
emotional dictionary analysis (Fig. 12A), the highly frequent
positive emotional part includes words such as “come on”
and “thanks,” and the negative part includes words such as
“face masks,” “supplies,” and other words related to medi-
cal supplies. This indicates that people are still worried
about the provision of medical supplies during the epi-
demic of 2019n-CoV.

In general, 2019nCoVAS is an effective web service for
2019-nCoV. However, due to the limitations of computing
power, it does not provide real-time simulations. In the dis-
tant future, we will not only employ high-performance com-
puting technology [56], [57] to realize real-time simulations
but will also develop more in-depth LAUP analysis meth-
ods [26], [27] to further analyze the sequence characteristics
of the 2019-nCoV genome. Finally, since the 2019- nCoV epi-
demic is still spreading around the world, we will carry out
genomic sequence analysis, epidemic transmission predic-
tion, and public psychological stress assessments for differ-
ent countries.

Fig. 11. Public psychological stress assessment: (A) Visualization of positive and negative emotional trends; horizontal and vertical axes represent
date and emotion rate, respectively. Red and blue lines represent positive and negative emotion rates, respectively. (B) Data download interface.
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