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The reported new confirmed cases of Coronavirus Disease 2019 (COVID-19) nowadays have diminished 
in their usefulness for assessing the pandemic situation. This study aimed to discover the correlation 
of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) variants recorded by Nextstrain 
clade and PANGO lineage and the number of new confirmed cases. Percent stacked area charts were 
utilized to display their development trends. 31 and 1452 variants were named according to Nextstrain 
clade and PANGO lineage, respectively. The branch step value maintained a stable increase by linear 
regression analysis. The changing trend in SARS-CoV-2 variants (PANGO lineage) correlated negatively 
with the number of new confirmed COVID-19 cases through Spearman rank correlation coefficient 
(17/06/2020-17/11/2021, ρ=-0.387, P < 0.01; 15/12/2021-11/01/2023, ρ=-0.458, P < 0.01). The proportion 
and composition of dominant virus variants had regional discrepancies, but some also fluctuated. The 
speed and quantity of SARS-CoV-2 variants objectively reflect the characteristics of the COVID-19 
pandemic and viral dissemination in the population even without valuable data of reported new 
confirmed cases. The SARS-CoV-2 variation may be a better tool for epidemic monitoring and early-
warning in the low epidemic state.

Keywords  Nextstrain clade, PANGO lineage, SARS-CoV-2 variation, Monitoring, COVID-19 pandemic

The coronavirus disease 2019 (COVID-19) pandemic began since December 20191. The control and prevention 
measures worldwide were lifted progressively, such as mass rapid testing, mask use and vaccination campaigns2. 
World Health Organization (WHO) determined that COVID-19 is an established and ongoing health issue 
that no longer constitutes a public health emergency of international concern (PHEIC) in May 20233. However, 
whether the pandemic has come to an end has provoked heated discussion among scientists and people, which 
has not yet reached an acceptable or quantitative definition4–7. The establishment of immunity by infection or 
vaccination, the reduction in daily new confirmed cases and the proportion of severe cases, the restoration of 
medical system function, and the decrease in infection risk, are all perceptible signs of the end of the pandemic. 
In terms of the epidemiology of infectious diseases, a reproduction number less than 1 is generally considered 
to indicate that an epidemic is controlled and nearing its end8,9. However, new COVID-19 cases are no longer 
evaluated or reported, so little evidence can be inferred from the current pandemic data, and it is difficult to 
obtain the exact value of the reproduction number.

Many studies predicted the pandemic trend of COVID-19 based on compartment model or machine 
learning models with timely COVID-19 data. The former need to remodify its differential equations frequently 
considering the epidemic spread dynamics, which increased the complexity of model application10,11; The latter, 
widely used in the healthcare and environment, is more accurate but require sufficient data12. Unfortunately, 
they were useless without timely COVID-19 data in the low epidemic state. However, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) variants are still monitored and recorded at the GISAID website. For 
example, the Delta variant of SARS-CoV-2, firstly discovered in India in October 2020, has the characteristics 
of stronger infectivity, higher viral load, and shorter incubation period, threatening nearly 200 countries and 
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regions13. Omicron, firstly detected in South Africa in November 2021, spreads faster than Delta with low 
virulent and still occupies the ongoing dominant strain14. Moreover, there is no reported study to explore 
the relationship between the SARS-CoV-2 variants and COVID-19 pandemic trend. Nowadays SARS-CoV-2 
variants are mainly named by the Nextstrain clade and the PANGO lineage15–18: the Nextstrain clade is an open-
source project for viral genome alignment, mutation calling, clade assignment, quality checks and phylogenetic 
placement; the PANGO lineage is a dynamic nomenclature system for tracking the transmission and spread of 
SARS-CoV-2, including variants of concern. This paper analyzed the characteristics of the relationships between 
variant strains, recorded by the Nextstrain clade and the PANGO lineage, and epidemic data collected during the 
three years of the COVID-19 pandemic, which may determine the current situation by monitoring SARS-CoV-2 
variants. This paper aimed to explore a feasible path to real-time monitoring and early warning in an objective 
and quantitative manner during the low epidemic stage.

Data and methods
COVID-19 pandemic data were derived from the GitHub website (​h​t​t​p​s​:​​/​/​g​i​t​h​​u​b​.​c​o​m​​/​C​S​S​E​G​​I​S​a​n​d​​D​a​t​a​/​C​​
O​V​I​D​-​1​​9​/​t​r​e​e​​/​m​a​s​t​​e​r​/​c​s​s​​e​_​c​o​v​i​​d​_​1​9​_​d​​a​t​a​/​c​​s​s​e​_​c​o​​v​i​d​_​1​9​​_​d​a​i​l​y​​_​r​e​p​o​r​t​s), which provides open-source and 
real-time epidemiological data for non-profit purpose. The prevalence ratio and number of SARS-CoV-2 
variants, recorded by the two virus naming methods of the Nextstrain clade and the PANGO lineage, were 
obtained through the GISAID website (https://nextstrain.org/charon/getDataset? ​p​r​e​f​i​x​=​n​c​o​v​%​2​F​g​i​s​a​i​d​%​2​F​g​
l​o​b​a​l​%​2​F​a​l​l​-​t​i​m​e​&​t​y​p​e​=​t​i​p​-​f​r​e​q​u​e​n​c​i​e​s​)​, which promotes the rapid sharing of data from priority pathogens 
to help researchers understand how viruses evolve and spread during epidemics and pandemics. Since WHO 
announced that COVID-19 was no longer a PHEIC in May 2023 and many countries cancelled the control 
and prevention measures, the newly reported COVID-19 cases have decreased rapidly worldwide and lost the 
guidance value. However, this study extracted the meaningful data (January, 2020 to January, 2023) to analyze 
the correlation between SARS-CoV-2 variants and the new confirmed COVID-19 cases innovatively, in order to 
discover a potential method for monitoring and early-warning in the low epidemic state. The linear regression 
was adopted to investigate their relationship. Besides, Pearson correlation coefficient and Spearman rank 
correlation coefficient, as two classic methods for correlation analysis, were also considered. The scatter plot 
of new confirmed COVID-19 cases and PANGO lineage was drawn and followed by a K-S test to examine the 
normality. These indicated that Spearman rank correlation coefficient was more suitable and a significance test 
was conducted to prove its reliability. Here is the flowchart for the analysis process (Fig. 1).

Fig. 1.  Flowchart for the analysis process of this study. The data were derived from the GitHub and GISAID 
website from January, 2020 to January, 2023; the linear regression, Pearson correlation coefficient and 
Spearman rank correlation coefficient were adopted to analyze the correlation between SARS-CoV-2 variants 
and the new confirmed COVID-19 cases.
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Results
SARS-CoV-2 variants were correlated with the status of the COVID-19 pandemic
As of January 25, 2023, a total of 31 and 1452 SARS-CoV-2 variants were named according to the Nextstrain 
clade and the PANGO lineage, respectively. Generally, a clade is designated if a variant shows a consistent growth 
of > 0.05 per day in frequency where it is circulating, in addition to reaching > 5% regional frequency. After the 
Omicron variant became widely prevalent and dominant, compared with the previous variant, it had an obvious 
suppressive effect on the epidemic transmission of other variants. It slowed the development of new branches 
and further extended its transmission time, which may be related to the fact that the reproduction number of the 
Omicron variant was similar to that of measles.

The trends of SARS-CoV-2 variants (Nextstrain clade) derived from the GISAID website were showed in 
Fig. 2 and further analyzed using the linear regression. The following regression equation was obtained (y denotes 
the branch step, which means the accumulation of SARS-CoV-2 variants at run time, and x denotes the date):

	 y = −511730.143 + 3.707 × 10− 5x� (1)

F-test was performed on the linear relationship between branch step (y) and time (x), where ŷ was the estimated 
value of y, and the F-value (4463.295, P < 0.001) demonstrated the significance of Eq.  (1). The coefficient 
of determination (R2) is the ratio of the sum of squares of the regression to the sum of squares of the total 
deviation. R2 was calculated as 0.992, indicating that 99.2% of the variation of branch step can be explained 
by date. Moreover, the T-test is performed on the sample regression coefficient and constant terms (Table 1). 
The result indicated that branch step increases by 3.707 × 10-5 every day on average, demonstrating that the 
change of branch step depended on the date steadily and can be regarded as credible data source. Therefore, the 
branch step value presented a stable linear increase (Fig. 2), which indicated that the spread and number of viral 
mutations were stable and did not change regardless of the presence of different virus variants.

The number of new confirmed COVID-19 cases and the trend of SARS-CoV-2 variants (PANGO lineage), 
which come from the GitHub website and the GISAID website respectively, were further analyzed to illuminate 
the trend of the COVID-19 pandemic. A scatter plot was drawn using the data from January 1, 2020 to January 
11, 2023 (Fig.  3A). The number of new confirmed cases decreased significantly along with the increase of 
the new SARS-CoV-2 variants (PANGO lineage), exhibiting an inversely linear trend. Pearson correlation 
coefficient, a common method for linear analysis, requires that the corresponding variables obey bivariate 
normal distribution. However, the number of new confirmed cases and the new PANGO lineage did not follow 
the normal distribution with K-S test. Instead, Spearman rank correlation coefficient (ρ), also known as rank 
correlation coefficient, was utilized to determine their relationship. Spearman rank correlation coefficient is a 
non-parametric statistical method and used widely to analyze the linear correlation of two variables.

Given the different transmissibility of SARS-CoV-2 variants, 3 intervals were divided to analyze their 
relationship through Spearman rank correlation coefficient (Table 2), including 1st interval (the whole time, 
01/01/2020-11/01/2023), 2nd interval (Delta, 17/06/2020-17/11/2021), and 3rd interval (Omicron, 15/12/2021-
11/01/2023). Reflected from the whole time (1st interval) (Fig. 3B and C), 2nd interval entered a relatively low 
epidemic state after the initial outbreak while 3rd interval exhibited a complete epidemic process (up-peak-
down). There were of great significance for the relationship between new PANGO lineage and new confirmed 
cases in both 2nd and 3rd intervals, but there was no statistical significance of rank correlation coefficient in 
1st interval (Table 2). In order of data fully utilization, the Pearson correlation coefficient under the ignorance 
of skewness is -0.157 (P < 0.05), showing a weak negative correlation between new PANGO lineage and new 
confirmed cases in 1st interval. The different transmissibility of variants affected the data of new confirmed 
cases, which might weaken their correlation in 1st interval to a certain extent.

The Delta strain was firstly reported in October 2020 and had become the dominant strain in many countries 
since July 2, 2021. The number of new confirmed cases in 2nd interval exhibited a relatively stable growth after 

Coefficient t value P value

−511,730 × 10-5 −66.631 <0.001

3.707 × 10-5 66.808 <0.001

Table 1.  T test for the sample regression coefficient and constant terms of the regression equation.

 

Fig. 2.  SARS-CoV-2 variant trends according to the Nextstrain clade.
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Fig. 3.  Negative relationship between SARS-CoV-2 variants and the number of confirmed COVID-19 cases. 
(A) The scatter plot of the relationship between the number of SARS-CoV-2 variants according to PANGO 
lineage and the number of new confirmed cases from January 1, 2020 to January 11, 2023, exhibiting an 
inversely linear trend; Weekly named variants according to the PANGO lineage (B) and the Nextstrain clade 
(C) with new confirmed cases in 1st interval (whole time, 01/01/2020-11/01/2023), indicating that 2nd interval 
(Delta, 17/06/2020-17/11/2021) entered a relatively low epidemic state after the initial outbreak while 3rd 
interval (Omicron, 15/12/2021-11/01/2023) a complete epidemic process (up-peak-down); Regression lines of 
new confirmed cases and new PANGO lineage in 2nd interval (D) and 3rd interval (E).
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the rapid increasing in 3 months from June 2020 (Fig.  3D). The new PANGO lineage negatively correlated 
to the number of new confirmed cases in 2nd interval according to the two regression trend lines. Besides, 
the divergence of the opposite trend was increasing. After one month, the Omicron variant gradually replaced 
the Delta and became another dominant strain, triggering the return of COVID-19 outbreak. The Omicron 
strain became the dominant strain, resulting in a larger-scale infection than Delta and then stepped into a low 
epidemic state in 3rd interval (Fig. 3E). There was an opposite correlation between the new PANGO lineage and 
the number of new confirmed cases, and the trend divergence was increasing. Many countries have abolished 
control and prevention measures since January 11, 2023 due to the decreasing number of new confirmed cases, 
corresponding with the data analysis of this study.

It was the different transmissibility of dominant strain that contributed to no significant correlation between 
the new PANGO lineage and the number of new confirmed cases in the whole time. However, the pandemic 
trend of new confirmed cases was obviously opposite with the new PANGO lineage during a period with specific 
dominant strain. The new PANGO lineage could provide certain reference value for pandemic monitoring and 
early-warning at the low epidemic state.

Worldwide epidemic progress and evolution of SARS-CoV-2 variants
Percent stacked area charts were utilized to show the prevalence proportion and distribution of SARS-CoV-2 
variants worldwide at different times, by calculating the number of COVID-19 cases infected with different 
SARS-CoV-2 variants, according to the Nextstrain clade and PANGO lineage (Fig. 4). From September 2020 to 
September 2021, multiple SARS-CoV-2 variants were prevalent simultaneously worldwide, and the dominant 
variants changed frequently. After October 2021, each dominant variant (Nextstrain clade) was dominant for 
approximately 3 months and was then replaced. The dominant variants in different regions were not synchronous, 

Fig. 4.  The prevalence proportion and distribution of SARS-CoV-2 variants worldwide according to the 
Nextstrain clade (A) and PANGO lineage (B).

 

Intervals ρ

1st interval (whole time, 01/01/2020-11/01/2023) -0.142

2nd interval (Delta, 17/06/2020-17/11/2021) -0.387**

3rd interval (Omicron, 15/12/2021-11/01/2023) -0.458**

Table 2.  Analysis of spearman rank correlation coefficient between new PANGO lineage and new confirmed 
cases in 3 intervals. ** P < 0.01.
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and the proportions of some dominant variants fluctuated (Fig. 4A; Table 3). In addition, the trend of SARS-
CoV-2 variants according to the PANGO lineage was similar to that according to the Nextstrain clade (Fig. 4B).

In January 2023, 22E (Omicron), 22 F (Omicron), 22D (Omicron), 22B (Omicron), and 21 L (Omicron) were 
the most globally prevalent and widely distributed strains, with proportions of 45.8%, 23.5%, 16.8%, 10.7% and 
1.6%, respectively. The prevalent strains and their proportions were different in different areas, which showed the 
diversity of the pandemic situation (Table 3).

Discussion
According to the rules for the designation and naming of the PANGO lineage and the Nextstrain clade naming 
strategy for 2022, variants are given a name when they prevail in a large proportion of the infected population or 
for a long time with epidemiological relevance, especially mutations documented in the receptor-binding domain 
(RBD) of the viral spike protein that increases the viral spread rate or disease severity19–21. The named virus 
strain is called the “dominant virus strain”22. As viral mutations are random and instantaneous23, the speed and 
quantity of viral variants objectively reflect the characteristics of the SARS-CoV-2 epidemic and dissemination 
in the population and are the result of the comprehensive effects of various environmental factors, including the 
establishment of an immune barrier by infection or vaccination, social prevention and control measures, and 
cross-regional population mobility.

This study showed that fluctuations in the COVID-19 pandemic were correlated with the number and 
frequency of SARS-CoV-2 variants in the low epidemic state although the succession of different variants is 
predictable from the GISAID website. The different transmissibility of dominant strain lead to no significant 
correlation between the new PANGO lineage and the number of new confirmed cases in the whole pandemic 
time. However, the pandemic trend of new confirmed cases was obviously opposite with the new PANGO 
lineage during a period with specific dominant strain (Figs. 3D and 4A). On the one hand, 20I (Alpha), and 21I 
or 21 J (both Delta) were the dominant variants of SARS-CoV-2 during December 2020 to April 2021, and April 
2021 to November 2021, respectively; the regression line of new confirmed cases showed a rising trend at the 
same time. On the other hand, 21 L (BA.2) lost the dominant level gradually from April 2022, and the percentage 
of other variants (22 A-23B) was increasing; but the regression line of new confirmed cases went downwards 
meanwhile: both of them exhibited the negative correlation, which was further analyzed by Spearman rank 
correlation (P < 0.01) (Table 2), and indicate reference value for monitoring SARS-CoV-2 variants at the low 
epidemic state. The causes and implications of observed the negative correlation were explained as followed. The 
number of dominant viral variants decreased when the epidemic was at its peak, suggesting that the widespread 
virus strains had a strong dissemination advantage and formed a new epidemic wave to suppress the prevalence 
of new variants. On the other hand, the number of dominant virus variants increased when the epidemic 
experienced a trough, suggesting that many new variants were competing for dominance to spread widely and 
cause an epidemic wave. When the proportion of a certain variant increased and its transmission advantage 
was established, a new epidemic peak appeared. When the epidemic experienced a trough, the number of new 
dominant variants decreased simultaneously, which indicated the end of the epidemic. Currently, since the 
number of newly reported COVID-19 cases lacks reference importance, the number and change of dominant 
virus variants may be potential indicators for epidemic monitoring, early warning and prediction and even 
for evaluating the end of the pandemic. Homa Attar Cohen et al. also proposed that genomic surveillance of 
SARS-CoV-2 variants can provide essential, timely and evidence-based information for public health decision-
making, including variant-associated environmental monitoring, laboratory assessment of variant evolution and 
phenotype and analyzing circulating variants with clinical data24.

Continent
SARS-CoV-2 variants

Change trend
Ranking No. Composition

(Nextstrain clade)
Composition
(PANGO lineage)

Proportion
(%)

Asia

1 22E(Omicron) BQ.1 54.7 Up

2 22 F(Omicron) XBB 45.1 Down

3 22D(Omicron) BA.2.75 0.2 Down

Europe

1 22E(Omicron) BQ.1 73.7 Up

2 22 F(Omicron) XBB 13.6 Down

3 22B(Omicron) BA.5 12.6 Down

Africa
1 22B(Omicron) BA.5 99.5 Up

2 22E(Omicron) BQ.1 0.5 Down

North America
1 22 F(Omicron) XBB 69.5 Up

2 22E(Omicron) BQ.1 30.5 Down

South America
1 22E(Omicron) BQ.1 63.9 Down

2 22 F(Omicron) XBB 36.0 Up

Oceania

1 22 F(Omicron) XBB 86.9 Up

2 22B(Omicron) BA.5 9.4 Down

3 22E(Omicron) BQ.1 0.2 Down

Table 3.  Main composition and proportion of SARS-CoV-2 variants in different areas, January 2023.
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Given that the data did not follow the normal distribution with K-S test, Kendall’s tau-b and Spearman rank 
correlation coefficient, the non-parametric statistical methods, were suitable for the correlation analysis of the 
data. Kendall’s tau-b rank correlation coefficient balances the data with many ties by losing some statistical 
information in ordered categorical data, while the Spearman rank correlation coefficient is not suitable for the 
data with many ties. However, there are no ties for new confirmed cases, and a few for new PANGO lineages. 
Therefore, the Spearman rank correlation coefficient is better for data analysis, which is easy and stable to 
perform, suitable for large samples, insensitive to outliers, and higher statistical information utilization.

Three intervals were divided for analysis based on variants transmissibility. The number of new cases has 
decreased a lot after 11/01/2023 and came to zero at 15/03/2023, and epidemic controls have been cancelled, 
which corresponded with 1st interval. The negative correlation between new PANGO lineages and new 
confirmed cases was not significant in the 1st interval due to its long-span time, which weakened the overall 
correlation. In contrast, this correlation was significant in the 2nd interval and 3rd interval, when the variant of 
Delta or Omicron was dominant, respectively. Besides, the COVID-19 pandemic has once entered a relatively 
stable low-prevalence state since the outbreak in the 2nd interval, while the 3rd interval included the complete 
process from the low-prevalence state to the peak of the Omicron epidemic, and then back to the low-prevalence 
state. The selection of three intervals met the requirements of this study with typical significance to analyze the 
low prevalence state of COVID-19 epidemic.

In addition, the number and density of dominant virus variants decreased substantially after the peak of the 
COVID-19 pandemic in July and August 2022. The dominant virus variants that prevailed in different regions 
were not identical because of multiple factors, such as the established immune barrier, and the prevention and 
control measures; rather, only a few variants, such as BQ.1, XBB.1, BA.5 and EG.5, accounted for the majority 
of dominant strains and were the most prevalent in terms of continuous or alternate transmission for more 
than 2 months when there were no emerging or competitive dominant variants. Regional differences in the 
spread and prevalence of SARS-CoV-2 led to the global distribution characteristics of viral variants and also 
determined the virus naming of the PANGO lineage and the Nextstrain clade, which were not synchronized but 
suitable for assess the status of COVID-19 epidemics in the low epidemic state. The prevalence of COVID-19 
will continue to be low in the foreseeable future, and the pandemic will end without new dominant variants. It 
is recommended to encourage more nucleic acid testing for COVID-19 patients and further variants sequencing 
in the low prevalence state, which may help provide early warning of the epidemic situation. Surveillance of 
variants could be integrated into future pandemic preparedness frameworks and play an important role in 
different epidemics or prevalence periods.

Nevertheless, there are several limitations in monitoring and forecasting epidemic conditions through 
the use of dominant virus variants as indicators. The recorded data on dominant virus variants are derived 
from professional initiatives to detect and upload viral RNA sequences, which affects the effectiveness and 
sustainability of monitoring and early warning systems. Besides, more practice cases are needed to prove the 
effectiveness of the epidemic-predicting method by monitoring variants. Fortunately, monitoring virus variants 
effectively is progressing. For example, Antonella Pacini et al. established one method of droplet digital PCR to 
track and manage any new variant outbreak for global readiness against possible future SARS-CoV-2 waves25. 
Without effective monitoring and early warning tools in the low epidemic state, the variants monitoring method 
can provide valuable information for appropriate prevention and control measures to a certain extent.

In conclusion, monitoring reported SARS-CoV-2 variants may provide another reference for assessing the 
COVID-19 pandemic situation in the low epidemic state, regardless of the limited data on new cases, even 
though this method has some deficiencies and requires further optimization. However, the emerging epidemics, 
such as monkeypox, cholera and dengue fever, still lack effective methods for monitoring and risk assessment, 
which may result from their variability and immunogenicity.

Data availability
The datasets generated and/or analyzed during the study are available from the corresponding author on rea-
sonable request.
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