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China, March 2022
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Summary

What is already known about this topic?
Aerosol transmission of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) via sanitary
pipelines in high-rise buildings is possible, however,
there is a lack of experimental evidence.

What is added by this report?

The field simulation experiment confirmed the
existence of a vertical aerosol transmission pathway
from toilet flush-soil stack-floor drains without water
seal. This report provided experimental evidence for
vertical aerosol transmission of clustered outbreaks on
18 floors of a 33-story residential building.

What are the implications for public health
practice?

The water seal on floor drains is a necessary barrier to
prevent the risk of vertical aerosol transmission of
infectious disease pathogens in buildings. It is necessary
not only to have a U-shaped trap in the drainage pipe,
but also to be filled with water regularly.

In several epidemiological reports, clustered
outbreaks of coronavirus disease 2019 (COVID-19) in
residential buildings show vertical distribution (7-2).
Some research suggested that the negative pressure
caused by the exhaust fan in bathrooms or the stronger
chimney effect during non-toilet flushing periods
drives virus aerosols into soil stacks entering from the
floor drains or pipe leaks (2—4). Another study, which
excluded the effects of exhaust fans and assumed that
toilet flushing-floor drains without water seal were the
primary  contributor to  aerosolization lacked
experimental (7). In addition, the
aerodynamic characteristics of tracer gases used in field

evidence
simulation experiments cannot be used to make

meaningful conclusions about aerosols (5). In our
previous research the aerosol simulants were used to
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confirm the viral aerosols generated by toilet flushing
in the sewage pipe. The results showed that under
certain conditions, it caused cross-floor non-vertical
aerosol transmission between 3 floors in a quarantined
hotel (6).

A recent COVID-19 clustered outbreak occurred in
a 33-story building in Shenzhen City, Guangdong
Province in March 2022. In total, 62.9% (39/62) of
the confirmed cases lived in a vertical building layout
on 18 different floors (room 707, room 907, ... room
3007). According to the epidemiological investigation,
those cases were not close contacts. Therefore, it is
presumed that cross-floor vertical transmission of the
viral aerosols occurred. The onsite investigation found
that there were no U-shaped traps in the drainage pipe
and the floor drains had no water seals in the building
(Figure 1). Polystyrene fluorescent microspheres with
similar aerodynamic characteristics to the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
spike pseudovirus were used as simulants to explore the
path of the viral aerosols in this building through field
simulation experiments. The fluorescent microspheres
were observed in samples from every site. This showed
that there was a clear transmission path from toilet
flush to soil stacks and floor drains without water seal
in the high-rise building.

The COVID-19 outbreak in clusters in high-rise
buildings through the path of toilet flush-soil stack-
floor drains without water seal occurs. This experiment
not only confirmed the vertical aerosol transmission
pathway, but also had important public health
significance for the prevention and control of COVID-
19 in residential buildings, hotels, and other buildings,
where the U-shaped trap must be designed in the
drainage pipe. In addition, the floor drain should be
regularly checked and filled with water to reduce the
possibility of vertical aerosol transmission of infectious
disease pathogens in buildings.

According to the daily habits of residents, combined

CCDC Weekly /Vol. 4/ No. 23 489



China CDC Weekly

*i"-’?|-'
! l?-n |
HI-- I

o=n '
1

1 |

d

.t
-

I K
1 <
Ruomzxm g « o é)
W [ ;’ g
1 = 5
A | Room 2607 g? 3
. ill-l ' | é
l: - Room 2407 * S
1 | K
. s

FIGURE 1. Diagram of positive case distribution and cross-layer vertical aerosol transmission of the 7th house layout in the
high-rise building. (A) The diagram of the positive cases distributed in 7th house layout across 18 floors and rooms of field
simulation experiment in the 33-story building. (B) The diagram of the drainage pipelines and soil stack system in the 7th
house layout.

Notes: In the diagram of positive cases distributed in the building, the orange blocks indicate the rooms of confirmed positive
cases in the 7th house layout, the black stars indicate the rooms of simulating defecation and toilet flushing (room 707 in
scenario 1, rooms 707, 1107, and 2607 in scenario 2), and the sampling room are also noted with room numbers. In the
diagram of drainage pipelines and soil stack systems, the black particles indicate the viral aerosol simulant generated by

defecation and toilet flushing and the red arrows indicate the transmission pathway of the viral aerosols.

with the epidemiological investigation information, the
time of detection of positive nucleic acid tests, and
considering the neutral pressure plane and the
Chimney Effect, the field simulation experiment was
carried out with the bathroom window and exhaust fan
closed. Two scenarios were designed using polystyrene
fluorescent microspheres as the simulants. The method
of preparation of simulants, as well as the sampling,
field monitoring and laboratory analysis methods after
toilet flushing were detailed in a previous research (7).
Room 707, where the index patient lived, was selected
to simulate defecation in the first scenario. Before
patients in room 707 were transferred to the designated
hospital, there was a risk of wvertical aerosol
transmission to the upper floors, so rooms 707, 1107,
and 2607 were selected to simulate defecation in the
second scenario. In the two scenarios, when the
simulated bathroom toilet flushed, the rest of other
bathrooms’ toilets flushed at the same time with

different  arrangements of  the  combination

490 CCDC Weekly / Vol. 4/ No. 23

(Supplementary Table S1, available in https://weekly.
chinacdc.cn/).

The change of wind speed of floor drain, take room
707 as an example, the wind speed of the floor drains
varied with the number of toilet flushing, and the peak
value was prolonged with an increase in the number of
toilet flushing. Except for room 1507, which was
located on the neutral pressure plane, the wind speed
of the floor drains in all other rooms changed
(Supplementary Figure S1, available in
https://weekly.chinacdc.cn/).

As the number of toilet flushing increased along
with the extension of the simulation time, the number
of small particle-size aerosols trended upward, with a
few exceptions. Within the same room, the trend of
different particle sizes was relatively the same at
different times (Supplementary Figure S2, available in
https://weekly.chinacdc.cn/).  The trend of large
particle-size aerosols had no obvious regularity which
had fewer total particles and were easily affected by

Chinese Center for Disease Control and Prevention
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various factors.

Except for the first scenario in room 1507, the
fluorescent microspheres were observed in all filter
membrane samples. The fluorescent microspheres were
also observed on smear swab samples from the floor
drains of the kitchens except room 1507. No smear
swab samples were collected from the kitchen of rooms
1107 and 2607 because the floor drains were hidden in
the cupboards. In addition, the
microspheres were observed on the smear swab samples
from the bathroom floor drain in room 1507 in the
second scenario (Table 1, Figure 2).

fluorescent

DISCUSSION

In our research at a quarantined hotel, the stack
exhaust channel was arbitrarily changed. The viral
aerosols generated by toilet flushing in the sewage pipe
could not be discharged from the exhaust port, and
therefore entered the cross-floor vertical units through

the floor drains without water seal (6). The aerosols in
the bathroom entered via the exhaust fan connected to
the exhaust air shaft. This pushed aerosols across
vertical units of the hotel, across the floor under
specific meteorological conditions, resulting in vertical
transmission across the 5th through 7th floor. In
addition, the hotel rooms adopted a mix of fresh air
and recycled air, resulting in non-vertical transmission
on the same floor. The combination of the above three
effects resulted in the cross-floor non-vertical aerosol
transmission of SARS-CoV-2. However, this outbreak
occurred in clusters on 18 floors with the 7th vertical
house layout (Figure 1). The bathroom exhaust fan
and windows of this unit face the balcony and were
connected to the kitchen. The windows of balcony
remained open at all times. No matter whether the
bathroom exhaust fan or the kitchen ventilator were
turned on, negative pressure could not be formed.
Therefore, the exhaust fans and the kitchen ventilators
were not opened during the simulation. Flushing the

TABLE 1. The observation results of fluorescent microspheres of filter membrane sample and smear swab sample.

Scenario 1

Scenario 2

No. of rooms -
Filter membrane sample

Filter membrane sample

Smear swab sample

907
1107
1507
2007
2407
2607
2807

Note: The aerosol filter membrane samples collected by medium flow PM,, samplers (100 L/min) in the bathroom of each room. The smear
swab samples were collected from the floor drain of the kitchen by cotton swab. No smear swab samples were collected from the kitchen of
rooms 1107 and 2607 because the floor drains were hidden in the cupboards. The smear swab samples of room 1507 were not observed.

The green dots (

A

) showed where simulants were observed in samples.

FIGURE 2. Representative photos of fluorescent microspheres tracked by different sampling methods at different rooms in 2
scenarios. (A) the aerosol filter membrane sample of room 2807 during scenario 1; (B) the aerosol filter membrane sample
of room 1107 during scenario 2; (C) smear swab sample from the floor drain of the kitchen of room 1107 during scenario 2.

Note: After simulating defecation and toilet flushing, fluorescent microspheres (green) were observed using fluorescent

microscopy.
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toilet in other vertical units directly affected the wind
speed of the floor drain in room 707, while the wind
speed of the floor drains in room 1507 had no
significant change. The wind speed in the floor drain
could partly indicate the pressure changes during toilet
flushing. Similar pressure changes due to flushing were
shown in previous studies (8), while the neutral
pressure plane held a relatively stable pressure. The
sewage and waste water of the bathroom, kitchen, and
balcony were gathered and discharged into a dual-stack
system in this building. There were no U-shaped traps
in the drainage pipes in the building nor floor drains
with water seal in the bathroom, kitchen, or balcony.
The washing machine drain pipe plugs into the floor
drain on the balcony. With the exhaust fans turned off,
even in scenario 1 where the simulants were only
poured into the toilet of room 707, after toilet
flushing, the fluorescent microspheres could be
observed on all the filter membrane samples from the
bathroom. That confirmed the existence of a vertical
aerosol transmission path from the toilet flush-soil
stack-floor drain without water seal and provided
experimental evidence for the outbreak in clusters
across floors within high-rise buildings.

It is very common that toilets are used and flushed
at the same time on different floors in high-rise
buildings. When COVID-19 patients use toilets, they
excrete virus. The simultaneous use of toilets on
multiple floors exacerbated the spread of viral aerosols
through the path of toilet flush-soil stack-floor drain
without water seal. Although the neutral pressure plane
was located on the 15th floor, when the toilet was
flushed, the wind speed of the floor drain changed
slightly. The pressure balance in it broke with the
increase in the number of rtoilets being flushed
simultaneously. The simulants were also observed on
the filter membrane sample and smear swab sample
from the bathroom of room 1507 in scenario 2,
therefore the spread path also existed in the neutral
pressure plane. The viral aerosol generated by toilet
flushing in the soil stack would therefore spread into
rooms from the floor drain without water seal.

This study was subject to some limitations. The field
simulation experiment was a qualitative study. The
experimentally confirmed aerosol transmission of the
simulant does not represent the risk of infection posed
by the virus.

The field simulation experiment showed the existing
path of the toilet flush-soil stack-floor drain without
water seal and its risks in high-rise buildings without

492 CCDC Weekly / Vol. 4/ No. 23

U-shaped traps and water seal. Therefore, property
management companies should check traps and water
seal. Where it is possible odor-proof floor drains
should be added into older buildings. Meanwhile,
health education should be strengthened to teach
building residents how to fill their floor drains
regularly to ensure the water seal is deep enough (>50
mm) in order to cut off the aerosol transmission. In
addition, if bathrooms have windows facing the
outside, the windows should be opened frequently for
ventilation. If not, an exhaust fan needs to be installed
and turned on frequently for ventilation in the case of
ensuring that the floor drain water seal is deep enough.
If the condition of water seal is uncertain, the
bathroom door should first be opened, and then the
exhaust fan should be turned on for ventilation.
During the pandemic, if there are positive cases in the
same house layout within a building, the chlorine-
containing disinfectants can be poured into the floor
drain regularly to effectively kill the virus.
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SUPPLEMENTARY MATERIALS

SUPPLEMENTARY TABLE S1. The array and combination mode of defection simulation and toilet flushing in 2 scenarios.

Room numbers

Scenario Time (min) 707 907 1107 1507 2007 2407 2607 2807

10 DIF F F
20 DIF F F
30 DIF F F F

1 40 DIF F F F
50 F F F F F
60 F F F F F
10 DIF F DIF DIF F
20 DIF DIF F F DIF

) 30 DIF F DIF F DIF F
40 DIF F DIF F F DIF
50 F F F F F F F
60 F F F F F F F

Note: The simulants were poured into the toilet for the first 40 minutes of the simulation experiment, and the toilet was flushed every 10
minutes. The letter “D” means pouring simulants into the toilet, and letter “F” indicates toilet flushing.
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SUPPLEMENTARY FIGURE S1. Representative variations of the wind speed in the bathroom floor drain of room 707 during
2 scenarios.
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5 30,0001 = Room 907 (scenario 2) 5 30,0001 = Room 1107 (scenario 2) 5 30,0001 = Room 1507 (scenario 2) 5 30,0001 = Room 2007 (scenario 2)
E El 3 E
-8 2 2 2
b1 = b=t =
& 25,0001 & 25,0001 _/\/— & 25,0001 £ 25,0001
B = = =
-2 g g g
= 20,0004 = 20,000 = 20,000 = 20,0004
3 \/\/ 5 g g
El £ £ =
8 8 8 8
2 15,0004 2 15,000 2 15,0004 2 15,0004
2 2 2 -2
=1 £ h=1 =1
& s s &
[ [ [ [
10,000 T T T T T 10,000~ T T T T T 10,000~ T T T T T 10,000~ T T T T T
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
Time (min) Time (min) Time (min) Time (min)
5 30,0001 = Room 2407 (scenario 2) 5 30,000 = Room 2607 (scenario 2) 5 30,0001 = Room 2807 (scenario 2)
2 2 3
2 2 2
=1 £ =1
\S; 25,0004 \8_/ 25,000 \‘é 25,0004
= = =
g g 2
2 2 /_/\’ g
= 20,0004 £ 20,0004 £ 20,000
8 8 8
£ = £
3 S S
S S S
2 15,0004 2 15,0004 215,000
L g 2
=1 =1 =1
& = =
[ [ ~
10,000+ T T T T T 10,000 T T T T T 10,000 T T T T T
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
Time (min) Time (min) Time (min)

SUPPLEMENTARY FIGURE S2. The changes of particle concentration over time at 0.3 ym in scenario 2 at different rooms.
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Preplanned Studies

An Analysis of Life-Year Lost Due to COVID-19
— 34 Countries, December 2019-March 2021

Shan Jiang"®; Dan Cai**; Dagin Chen’ Yawen Jiang®*

Summary

What is already known about this topic?

The coronavirus disease 2019 (COVID-19) pandemic
has caused severe health consequences. Though most
COVID-19 deaths occurred among very old people,
their life-year loss might be very large because of their
life expectancy at that age.

What is added by this report?

This study quantified how many years of life were lost
due to COVID-19 in 34 countries. COVID-19 caused
9 to 21 years of life lost (YLL) per deceased patient.
East Asia and Oceania had substantially lower per
capita YLL than North America and Europe. Among
all countries included, the United States had the
greatest total YLL, Peru had the largest YLL per
100,000 people, and Mexico had the largest YLL per
100,000 COVID-19 patients.

What are the implications for public health
practice?

The YLL quantification indicated that the vulnerable
population, especially the elderly, should be protected
under careful public health measures to reduce their
YLL. It also implied that it might be too early to lift
anti-epidemic restrictions now, since the extreme
disproportionate consequences (total and per-capita
YLL) in different
scrutinization over the variation in disease control

countries underscored  the
strategies to optimize future disease control and
prevention.

disease 2019 (COVID-19)
pandemic has caused severe health consequences. This
study aimed to estimate the years of life lost (YLL)
associated with COVID-19 in different countries. We
collected data on COVID-19 cases and deaths up to
March 27, 2021 and used a method recommended by
the World Health Organization (WHO) to calculate
YLL. We assessed the total YLL of each included
country and calculated the YLL per 100,000 patients
and per 100,000 people. We included 34 countries in
the analysis. The US had the greatest total YLL among

The coronavirus
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all countries. Peru topped the per-capita YLL. Mexico
suffered from the greatest YLL per 100,000 patients.
COVID-19 caused 9 to 21 YLL per deceased patient.
East Asia and Oceania had substantially lower per
capita YLL than North America and Europe. The
pandemic caused disproportionate consequences (total
and per-capita YLL) in different countries, implying
that the variation in disease control strategies should be
scrutinized to optimize future disease control and
prevention.

As of November 2021, over 255 million COVID-19
cases were confirmed globally, almost 3 million of
whom lost their lives (7). The spread of the virus
remains fast. While numerous studies have provided
insights into COVID-19-related mortality, very few
emphasized the life expectancies and life-year loss of
the deceased. Some argued that the majority of
COVID-19 deaths occurred among the “oldest-old”
who were proximal to death even without COVID-19
(2). However, the life-year loss of such individuals
might be large given their life expectancy at that age
(3). Estimating the COVID-19-related life-year loss is
important to understand the societal loss and to inform
the choice of epidemic containment strategies. YLL, an
established measure to assess the impact of premature
death, captures the additional time a patient would
have lived if the patient did not die prematurely (4). It
refers to the difference between the age of death and
the life expectancy at that age. Compared with crude
mortality and the number of deaths, YLL aims to
comprehensively measure the disease burden. There is
an absence of cross-country comparison to provide a
worldwide landscape of YLL due to COVID-19 (5).
This study aimed to provide YLL information for the
debate and reflection on the anti-epidemic strategies
and the establishment of a comprehensive loss function
of COVID-19.

We categorized the COVID-19 patients and
population into 9 age groups. The calculation of YLL
followed the recommendation by the World Health
Organization (Supplementary Materials, available in
https://weekly.chinacdc.cn/). Accordingly, we
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calculated the primary outcomes, including YLL per
100,000 COVID-19 patients and per 100,000 people.
Standard errors were estimated using Monte Carlo
simulation with 1,000 repetitions (ndard errors were
estimated using Monte Carlo simulation with 1,000
repetitions (6-7). We assumed that the death events
were uniformly distributed within each age group, so
that we were able to approximate the YLL of each
group by multiplying the number of deaths and the life
expectancy of the median age of the group (e.g., the
life expectancy of age 4.5 represented the mean life
expectancy of group 0-9). We collected data of the life
expectancy of different ages, demographic data of
different countries, COVID-19 cases, deaths, and their
age distributions (Supplementary Table S1 available in
https://weekly.chinacdc.cn/). We included countries
with age-specific data available on the incidence and

mortality of COVID-19 as of March 2021. Two

0 1,000,000 2,000,000

3,000,000

analysts collected data independently and cross-
checked the data. We used Excel 2016 (Microsoft
Corporation, United States, North America) and
Crystal Ball (version 11.1.1, Oracle Corporation,
United States, North America) for analysis and Monte
Carlo simulation.

We developed some secondary outcomes using
primary outcomes. By dividing YLL per 100,000
patients and deaths per 100,000 patients, we derived
YLL per dead patient, indicating the average YLL for
every death caused by COVID-19. The 95% credible
interval of YLL per dead patient was calculated by
simulating  the numerator and  denominator
simultaneously using Monte Carlo simulation 1,000
times. Moreover, by combining the results of countries
in the same continental region, we compared the
outcomes in five regions: East Asia, Southeast Asia,
Europe, North America, and Oceania.

Total YLL

7,000,000 8,000,000
7,247,602

4,000,000 5,000,000 6,000,000

United States
Mexico
Ttaly so——— 1,110,517
Peru s 1,058,754
Germany m——— 852,652
Argentina  m— 306,219
Colombia s 800,386
Spain  m— 796,770
Indonesia m— 788,183
Chile mmmm 355,509
Pakistan mmm 261,197
Canada mmm 237,805
The Philippines mm 225,132
Belgium mm 220,977
Bangladesh mm 174,536
Portugal mm 164,237
Netherlands = 150,208
Sweden m 120,732
Jordan m 108,585
Japan m 98452
Switzerland m 87,925
Israel m 85,630
Austria m 85,300
China m 68,766
Ireland 1 47,100
Slovenia 1 41,914
Denmark |1 21,883
Republic of Korea 1 20,181
Finland = 8,384
Australia = 8,188
Norway = 6,719
Vietnam = 661
Singapore = 479
New Zealand = 320

Country

3,995,920

FIGURE 1. Total years of life lost caused by COVID-19 by country.
Note: Countries are sorted in an order of decreasing YLL per 100,000 people.
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Among the 34 included countries, the total YLL in
the US (7.2 million) was substantially greater than in
other countries, almost twice as much as in Mexico
(3.99 million). Italy, Peru, Germany, Argentina,
Colombia, Spain, and Indonesia had around 1 million
YLL. Other countries included had less than 0.36
million. Vietnam, Singapore, and New Zealand had
less than 1,000 YLL (Figure 1).

Figure 2 presented the cases, deaths, and YLL for
every 100,000 people, in which countries were sorted
in an order of decreasing YLL numbers. Peru, Mexico,
and the US ranked in the top three in terms of YLL per
100,000 people. Although Peru and Mexico had much
fewer per-capita cases than the US, they had similar
COVID-19-relevant death rates, leading to a great loss
of life years.

Countries with high case and death rates per
100,000 people usually had a greater loss of life years
per 100,000 people, compared with those with low
case and death rates; and vice versa (Supplementary
Table S2, available in https://weekly.chinacdc.cn/). For
example, Slovenia ranked top in terms of COVID-19
cases and deaths per 100,000 people and ranked fourth
in per-capita YLL. Belgium ranked second in terms of
deaths per 100,000 people and ranked fifth in per-
capita YLL. As the first country reporting COVID-19,
China’s infection and death rates and YLL per capita
were among the lowest in the countries included in the
analysis.

Some exceptions existed. Although Israel ranked
second in terms of infection rate, the death rate was
low (71.2 per 100,000 people), leading to a moderate
per-capita YLL (989.3). Among countries with lower
than 100 YLL per capita, Singapore had a per-capita
YLL as low as 8.2, despite that the infection rate in the
country was higher than in other countries of this
group. This might be because of its low mortality rate
among the confirmed cases.

Figure 3 illustrated the YLL by continental region,
in which the circle size was indicated by YLL per
100,000 people. With a much more population than
other regions, East Asia had a low total YLL, leading to
the lowest YLL per 100,000 people. In contrast, North
America had the largest total YLL, though its
population size was much smaller than that of East
Asia. East Asian and Oceanic countries endured the
smallest YLL for every 100,000 people (<30).

Supplementary Figure S1  (available in  https://
weekly.chinacdc.cn/) illustrated the results of YLL for
every 100,000 COVID-19 patients by country.
Mexico ranked first on both indicators. As the first
country to report COVID-19, China ranked second
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and had a higher mortality rate and YLL per 100,000
patients than other countries except for Mexico. The
US had a moderate death rate and YLL per 100,000
patients. The European countries had YLL ranging
from 7,000 to 32,000 for every 100,000 patients. Italy
had the highest YLL per 100,000 patients in Europe
(31,833), while Norway had the lowest (7,389).
Singapore had the least deaths and the lowest YLL per
100,000 patients among all countries. Generally,
developing countries had a higher death rate and a
higher per-patient YLL than developed countries.
Supplementary Table S3 (available in https://weekly.
chinacdc.cn/) demonstrated that the deceased patients
lost 9 to 21 years of life on average across countries.
Australia had the lowest per-patient YLL (9.008), while
Peru had the highest per-patient YLL (20.75).

DISCUSSION

This analysis provided a landscape of COVID-19-
related YLL accumulated from the start of the
pandemic to March 2021 in 34 countries based on
age-specific life expectancy. North America had a
greater amount of YLL than other regions, and the US
ranked first in terms of total YLL among the countries.
East Asian and Oceanic countries had a lower per-
capita YLL than other countries. The pandemic had
caused 9 to 21 years of life lost for every deceased
patient on average.

The YLL per deceased patient reminds us how life-
threatening this disease could be. We call attention to
the fact that COVID-19 patients may die long before
their “time,” although the crude mortality does not
seem as scary as many other fatal diseases. It may be
better to shield the vulnerable population, including
the elderly and people with underlying diseases, instead
of treating them carelessly (8).

It was reported that China, Republic of Korea,
Norway, and Germany responded relatively faster than
other countries since their respective first reported
death cases and took a short time to enforce social
distancing and contact tracing nationwide (9). In
contrast, Spain responded relatively slowly to the initial
outbreak, whereas Sweden did not take strict measures
to limit the transmission (9). We observed that East
Asian countries, Norway, and Germany had lower YLL
per 100,000 people than those with slow response
and/or lax measures, such as Spain. The YLL
comparison may underline the importance of future
research on quick response to COVID-19 and its
health burden such as YLL, which may contribute to
the consensus on appropriate anti-pandemic strategies.
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The COVID-19 patients and population into 9 age groups were categorized (i.e., 0-9, 10-19, 20-29, 30-39,
40-49, 50-59, 60-69, 70-79, and 80 and above). The calculation of YLL followed the recommendation by the
World Health Organization (WHO):

YLL=) (D;x L) (1)
p=
where 7 denotes the number of age groups, D; is the number of deaths due to COVID-19 in age group 7, and Z; is
the life expectancy of age group i.
According to equation 1 and the age groups we defined, we developed the calculation of YLL per 100,000
COVID-19 patients and per 100,000 people as follows:
YLL per 100,000 patients = Y 1, (p; X 100,000 X j1; X L;) 2)

YLL per 100,000 people = Y o (P; X 100,000 X 1; X L,) 3)

where f1; denotes the mortality rate in age group i due to COVID-19; p; denotes the proportion of COVID-19
patients in age group 7 among patients of all age groups; P; denotes the probability of COVID-19 cases in age group
i, which was calculated as the quotient of the number of cases and the number of people in group 7. Standard errors
were estimated using Monte Carlo simulation with 1,000 repetitions (1-2).

We assumed that the death events were uniformly distributed within each age group, so that we were able to
approximate the YLL of each group by multiplying the number of deaths and the life expectancy of the median age
of the group (e.g., the life expectancy of age 4.5 represented the mean life expectancy of group 0-9). The life
expectancy of different ages was from the WHO country-specific lifetables (3). The demographic data of different
countries were from the United Nations World Population Prospects in 2019 (4). We collected data on COVID-19
cases, deaths, and their age distributions from January 1, 2020 to March 27, 2021, using data from WHO and
corresponding countries and regions (5-7). We used Microsoft Excel 2016 (Microsoft Corporation, United States,
North America) and Oracle Crystal Ball ( version 11.1.1 Oracle Corporation, United States, North America) for
analysis and Monte Carlo simulation.

We included countries with age-specific data available on the incidence and mortality of COVID-19 as of March
2021. When the data on the age distribution of COVID-19 cases and deaths exactly as of March 27, 2021, were not
available, the information with the closest time stamp was carried forward. Due to the lack of information, the age
distributions of confirmed cases in the UK were imputed using the pooled data of England and Scotland. When the
age groups of the source data in a certain country were not defined coherently with the present analysis, they were
mapped to the age groups defined in the present study by assuming a uniform distribution of cases within each age
group in the source data. Data on the age distribution of the general population and the life expectancy of included
countries were retrieved from PopulationPyramid.net, government websites, and WHO (/-2). Two analysts
collected the data independently and cross-checked the data.

We developed secondary outcomes using primary outcomes such as deaths, YLL per 100,000 people, and YLL per
100,000 patients. By dividing YLL per 100,000 patients and deaths per 100,000 patients, we derived YLL per dead
patient, indicating the average YLL for every death caused by COVID-19. The 95% confidence interval of YLL per
dead patient was calculated by simulating the numerator and denominator simultaneously using Monte Carlo
simulation 1,000 times. Moreover, we categorized the countries into eight regions: East Asia, Southeast Asia, South
Asia, West Asia, Europe, North America, South America, and Oceania. We derived regional YLL outcomes by
combining the results of countries in the same region. We extracted the data on COVID-19 cases and deaths from

the sources listed Supplementary Table S1.
SUPPLEMENTARY TABLE S1. Data sources for COVID-19 cases and deaths in different countries.

Country/Region Diagnosis Death Data reference
China 90,167 4,636 (8,9)
Italy 3,488,619 107,256 (10)
Republic of Korea 101,757 1,722 (117)
Spain 3,247,738 74,420 (12)
Germany 2,755,225 75,780 (13)
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TABLE S1. (Continued)

Country/Region Diagnosis Death Data reference
United States 29,859,706 543,003 (14,15)
Sweden 780,018 13,402 (16)
Norway 90,934 656 (17)
Australia 29,071 909 (18)
Canada 961,083 22,852 (19)
Singapore 60,288 30 (20,21)
Denmark 220,459 2,391 (22)
Japan 462,459 9,028 (23)
Portugal 820,042 16,827 (22)
Netherlands 1,236,209 16,421 (24)
Switzerland 592,090 9,631 (25)
Mexico 2,224,261 200,862 (22)
Vietnam 2,590 35 (22)
The Philippines 712,442 13,159 (22)
Bangladesh 591,214 8,878 (22)
Indonesia 1,494,589 40,449 (22)
Belgium 866,063 22,870 (26)
Austria 526,948 8,968 (22)
Chile 969,913 22,653 (22)
Peru 1,512,384 51,032 (22)
Israel 649,824 14,158 (27)
Finland 831,084 6,165 (22)
Pakistan 75,973 845 (22)
Argentina 2,375,591 62,790 (22)
Colombia 2,301,389 55,368 (22)
Jordan 582,133 6,472 (22)
Ireland 234,556 4,653 (28)
New Zealand 2,482 26 (29)
Slovenia 210,787 4,296 (30)
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SUPPLEMENTARY FIGURE S1. Deaths and years of life lost for every 100,000 COVID patients.
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SUPPLEMENTARY TABLE S2. COVID-19 cases, deaths, and years of life lost for every 100,000 people by country.

Country Cases per 95% Cl  95% CI Deaths per 95% Cl  95% CI YLL per 95% Cl  95% ClI
100,000 people  lower upper 100,000 people  lower upper 100,000 people  lower upper

Argentina 5,092 5,086 5,098 123 121 123 1,783.8 1,766.1  1,800.3
Australia 114 113 115 4 3 4 32.1 29.7 345
Austria 5,851 5,836 5,867 100 98 102 947.1 926.5 970.6
Bangladesh 359 358 360 5 5 5 106.0 103.4 108.2
Belgium 7,473 7,457 7,489 197 195 200 1,906.7 1,877.9 1,936.0
Canada 2,546 2,541 2,551 61 60 61 630.1 620.5 639.5
Chile 5,074 5,063 5,083 119 117 120 1,859.7 1,832.2 1,889.8
China 6 6 6 0 0 0 4.8 4.6 4.9
Colombia 4,669 4,663 4,675 123 122 124 1,573.0 1,556.9 1,588.2
Denmark 3,806 3,790 3,821 41 40 43 377.8 361.7 396.0
Finland 1,371 1,361 1,380 15 14 16 151.3 138.0 163.5
Germany 3,288 3,285 3,292 90 90 91 1,017.7 1,008.7 1,025.7
Indonesia 546 546 547 15 15 15 288.2 284.4 290.9
Ireland 4,750 4,731 4,769 94 91 97 953.9 917.3 989.8
Israel 9,602 9,581 9,620 71 70 73 989.3 960.5 1,018.8
Italy 5,770 5,764 5,776 177 176 178 1,836.7 1,824.1  1,850.2
Japan 366 365 367 7 7 7 77.8 76.1 79.6
Jordan 5,705 5,691 5,721 63 62 65 1,064.2 1,036.0 1,093.9
Mexico 1,725 1,723 1,727 156 155 156 3,099.2 3,083.4 3,114.2
Netherlands 7,215 7,202 7,227 96 94 97 876.6 862.0 893.1
New Zealand 51 49 54 1 0 1 6.6 3.7 9.5
Norway 1,677 1,667 1,688 12 11 13 123.9 112.7 135.7
Pakistan 294 293 295 6 6 7 118.3 115.4 120.0
Peru 4,587 4,581 4,596 155 154 156 3,211.1 3,181.2 13,2434
The Philippines 650 649 652 12 12 12 205.5 201.1 209.6
Portugal 8,042 8,025 8,060 165 163 168 1,610.7 1,582.3 1,640.7
Singapore 1,031 1,023 1,038 1 0 1 8.2 4.7 11.6
Slovenia 10,139 10,099 10,180 207 201 213 2,016.1 1,942.6 2,086.2
Republic of Korea 198 197 200 3 3 4 394 36.9 413
Spain 6,946 6,939 6,953 159 158 160 1,704.2 1,690.2 1,718.6
Sweden 7,724 7,706 7,740 133 131 135 1,195.5 1,169.0 1,219.0
Switzerland 6,841 6,825 6,859 111 109 113 1,015.9 991.6 1,039.7
United States 9,021 9,018 9,024 164 164 164 2,189.6 2,182.7 2,196.3
Vietnam 3 3 3 0 0 0 0.7 0.4 0.9

Note: “Lower” means the lower bound of confidence interval (Cl); “upper” means the upper bound of CI.
Abbreviations: 95% Cl=95% confidence interval; YLL=years of life lost
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SUPPLEMENTARY TABLE S3. Deaths and years of life lost per 100,000 COVID-19 patients by country and years of life lost
per death caused by COVID.

Country Deaths per 95% Cl  95% CI YLL per 95% Cl 95% Cl YLL per.death 95% Cl  95% ClI
100,000 patients lower  upper 100,000 patients  lower upper for patients lower  upper

Argentina 2,406 2,387 2,425 35,032 34,688 35,383 14.56 14.41 14.71
Australia 3,127 2,956 3,305 28,166 26,239 30,047 9.01 8.32 9.65
Austria 1,702 1,670 1,734 16,188 15,813 16,559 9.51 9.26 9.76
Bangladesh 1,502 1,472 1,531 29,622 28,779 30,195 19.66 19.14 20.17
Belgium 2,641 2,609 2,672 25,515 25,131 25,897 9.66 9.50 9.80
Canada 2,378 2,349 2,406 24,743 24,397 25,123 10.41 10.25 10.57
Chile 2,336 2,309 2,362 36,654 36,063 37,211 15.69 15.45 15.95
China 5,142 5,014 5,277 76,266 73,865 78,905 14.83 14.31 15.41
Colombia 2,643 2,622 2,662 33,692 33,366 33,982 12.75 12.63 12.88
Denmark 1,085 1,045 1,125 9,926 9,482 10,390 9.15 8.69 9.62
Finland 1,112 1,043 1,180 11,036 10,148 11,888 9.92 9.15 10.80
Germany 2,750 2,733 2,768 30,947 30,723 31,201 11.25 11.15 11.35
Indonesia 2,706 2,678 2,732 52,736 52,086 53,265 19.49 19.23 19.73
Ireland 1,984 1,930 2,038 20,080 19,409 20,814 10.12 9.74 10.50
Israel 742 723 760 10,303 10,000 10,625 13.89 13.44 14.35
Italy 3,074 3,058 3,091 31,833 31,627 32,055 10.35 10.28 10.43
Japan 1,952 1,916 1,989 21,289 20,801 21,772 10.91 10.62 11.17
Jordan 1,112 1,088 1,140 18,653 18,129 19,221 16.78 16.23 17.30
Mexico 9,031 8,996 9,063 179,652 178,838 180,485 19.89 19.79  20.00
Netherlands 1,328 1,308 1,348 12,151 11,933 12,367 9.15 8.97 9.34
New Zealand 1,048 727 1,415 12,910 7,566 18,753 12.32 7.41 19.26
Norway 721 670 773 7,389 6,662 8,085 10.24 9.27 11.37
Pakistan 2,179 893 3,486 40,195 22,251 58,558 18.45 9.54 37.09
Peru 3,374 3,346 3,401 70,006 69,328 70,717 20.75 20.53 20.97
Philippines 1,847 1,817 1,879 31,600 30,924 32,281 17.11 16.71 17.51
Portugal 2,052 2,023 2,081 20,028 19,685 20,387 9.76 9.57 9.93
Singapore 50 32 66 795 457 1,109 15.97 9.99 24.23
Slovenia 2,038 1,981 2,092 19,885 19,208 20,542 9.76 9.42 10.12
Republic of Korea 1,692 1,615 1,764 19,833 18,762 20,762 11.72 11.08 12.41
Spain 2,291 2,274 2,308 24,533 24,289 24,764 10.71 10.59 10.82
Sweden 1,718 1,694 1,742 15,478 15,158 15,763 9.01 8.82 9.21
Switzerland 1,627 1,598 1,657 14,850 14,502 15,188 9.13 8.91 9.34
United States 1,819 1,814 1,823 24,272 24,190 24,346 13.35 13.30 13.39
Vietnam 1,351 941 1,744 25,513 15,696 35,570 18.88 11.94 29.52

Note: “Lower” means the lower bound of confidence interval (Cl); “upper” means the upper bound of CI.
Abbreviations: 95% Cl=95% confidence interval; YLL=years of life lost.
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Measuring the Effect of COVID-19 Pandemic on Mortality:
Review and Prospect — China, 2021

Jinlong Lin'; Guogui Huang’ Yue Wei'; Lijun Pei'*

ABSTRACT

Current progress in measuring the effect of the
pandemic on mortality is limited. Few studies have
comprehensively and systematically elucidated the
mechanism through which the pandemic affects
mortality and what indicators are valid to capture such
an effect. This paper presents a comprehensive analysis
regarding the multifaceted effects of coronavirus
disease 2019 (COVID-19) on mortality and its
measurements [i.e., confirmed deaths per million
people (CDPMP), case fatality rate (CFR), infection
fatality risk (IFR), excess mortality P-score (EMPS),
and life expectancy (LE)]. It was revealed that both
data collection efforts and measurements on mortality
due to COVID-19 were far from perfect and discussed
the importance of accurate, prompt, and accessible
data by any government over the course of fighting
against the COVID-19 pandemic. It is believed that
the biggest challenge in measuring the effect of the
COVID-19 pandemic on mortality lies not in the
construction of indicators at the academic level, but in
the collection of data at the practical level. Thus, it is
suggested to take measures to better monitor the
development of the pandemic and mitigate the
increasing burdens borne by the public health systems
by improving the tracking system of mortality,
standardizing the diagnosis of COVID-19’s deaths,

and disclosing mortality data.

THE EFFECTS OF THE COVID-19
PANDEMIC ON MORTALITY

Few studies have comprehensively and systematically
elucidated the mechanism through which the
pandemic affects mortality. Therefore, we try to
present a comprehensive analysis regarding the effect of
COVID-19 on mortality and its measurement. More
specifically, the multifaceted effects of the pandemic on
mortality, including the positive effects and the
negative effects, as well as the direct effects and the
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indirect effects, as is shown in Table 1. On one hand,
the reduced mobility led to a decline in road traffic
deaths, fewer respiratory diseases, and infectious
diseases such as influenza and human hand-foot-mouth
diseases (/-2). It was estimated that there were
600,000 fewer deaths from non-COVID-19 causes
globally in 2020 (3). On the other hand, the COVID-
19 pandemic also had a negative effect on mortality.
According to World Health Statistics 2021, COVID-19
has become the leading cause of death globally. It was
estimated that the total number of global excess deaths
directly and indirectly attributable to the COVID-19
pandemic in 2020 was at least 3 million, far more than
the 1.8 million reported COVID-19 deaths that year
(9).

The negative effects of the pandemic on mortality
can be divided into direct and indirect effects. First is
death due directly to COVID-19 because of acute
respiratory distress syndrome and multiple organ
dysfunction syndromes. Health conditions play a key
role in influencing complications severity in COVID-
19. Thus, its mortality is thought to be related to
public health and demographic characteristics. Take
Italy as an example, its higher population of older
patients with COVID-19 infection illustrates why
there is higher mortality (5). Clinical studies also
reported that pre-existing cardiovascular disease seems
to belinked with an increased risk of death in patients with
COVID-19 (6).

Second, the pandemic also has an indirect negative
effect on mortality. In many countries, disease
screening has been suspended and routine diagnosis
has been deferred as a result of the COVID-19
pandemic. Patients who are wary of being infected
appear to be more reluctant to seek healthcare services
(7), which has led to a substantial increase in the
number of avoidable deaths. In the UK, for example, a
number of avoidable cancer deaths are to be expected
due to delays in diagnosis (8). Beyond the cancer cases,
inappropriate policy led to the
provision of suboptimal care, which may have a larger
effect on the wider population of patients with various

anti-pandemic
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TABLE 1. The effect of the COVID-19 pandemic on mortality.

Effect type Manifestation

Cause

Positive effect . . . ;
some infectious diseases such as influenza

Negative effect

Direct way

Indirect way N
complications

Decline in road traffic deaths, fewer respiratory diseases, and

Rise in the number of deaths in patients with COVID-19
Increases risk of death in patients with non-COVID-19

Reduced mobility due to traffic control, home isolation
and NPIs

Mostly because of ARDS and MODS

Inappropriate policy which affects disease screening
and diagnosis

Abbreviations: COVID-19=coronavirus disease 2019; NPIs=non-pharmaceutical interventions; ARDS=acute respiratory distress syndrome;

MODS=multiple organ dysfunction syndrome.

diseases, like heart disease and stroke (9-10).
Therefore, improper allocation of health care resources
may also lead to a public health crisis because of non-

COVID-19 health complications.

MAJOR INDICATORS IN MEASURING
THE COVID-19 PANDEMIC EFFECT ON
MORTALITY

Considering that the effect of the COVID-19
pandemic on mortality is very complicated, we used
different indicators to reflect the various effects. The
most common indicators are confirmed deaths per
million people (CDPMP), case fatality rate (CFR),
infection fatality risk (IFR), excess mortality P-score
(EMPS), and life expectancy (LE). We tried to review
and compare these four widely used mortality
indicators regarding their efficacy in gauging the effect
of COVID-19 on mortality and the appropriate
contexts for using these indicators.

CDPMR is the simplest indicator. The number of
confirmed COVID-19 deaths reflects the direct loss of
life caused by the disease. It is often needed to adjust
for the size of the population by dividing by one
million, especially when comparing across countries.
CFR and IFR are the most widely discussed indicators
during the pandemic. Of the two, CFR is the
proportion of confirmed COVID-19 deaths within a
defined follow-up population (i.e., actual infections),
mainly reflecting the severity of COVID-19 that causes
death. However, CFR only focuses on confirmed cases,
which may omit statistics on minor infections.
Therefore, it may be better for us to use IFR, the ratio
of death cases to all cases (including undetected
instances), to reflect the risk of dying from COVID-
19.

Although these three indicators quantify the overall
scale of COVID-19 to a certain extent, they are limited
as comprehensive measures, since they can only reflect
the negative effect of the COVID-19 pandemic on
mortality in a direct way. From this perspective, EMPS
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and LE are the more comprehensive measures
reflecting the total effect of the pandemic on mortality.

EMPS is calculated based on excess deaths, the
number of all-cause deaths during the pandemic period
beyond the expected deaths under non-COVID-19
conditions, measured as the difference between
reported deaths and expected deaths. Hence, it is only
needed to count all the deaths within the year, without
distinguishing the cause of deaths, whereas it is hard to
ensure the accuracy of the numerator and the
denominator in estimating CFR and IFR. For better
comparisons across countries when there are large
differences in population, it is required to divide the
excess deaths by the expected deaths to get P-Score.
Hence, the formula of EMPS is written as “EMPS =
(reported deaths - expected deaths) / expected deaths x
100”. However, demographic differences also add to
the complexity in drawing comparisons when using
EMPS. In this case, it is helpful to use the LE indicator
to investigate the total effect of the COVID-19
pandemic on mortality. Unlike other indicators, LE is
not affected by demographic characteristics, as it is
calculated based on age-specific mortality rates by sex,
so it could be used for direct comparison between
different populations.

These indicators have been applied to measure the
COVID-19 pandemic effect on mortality to varying
degrees worldwide since the outbreak of the
COVID-19, but the progress is still very limited. We
believe that the fundamental problem lies in the
operation of population statistics.

INSUFFICIENT TESTING VOLUMES IN
LOW- AND LOWER MIDDLE-INCOME
COUNTRIES

Although testing capacity has increased substantially
worldwide, access to COVID-19 testing in most low-
and lower middle-income countries is still in shortage
due to high costs. Take Kenya as an example, the
average cost for a patient seeking a test achieved $11,
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the equivalent of 6 days’ wages for a Kenyan living in
extreme poverty (/1). A special survey conducted by
the COVID-19 Clinical Research Coalition showed
that low access outside major cities and shortage of test
kits also added obstacles to COVID-19 testing in such
countries. Nearly 90% of the subjects believed that
diagnostics needed to be used more widely and made
more available (/2). The limited testing would lead to
huge differences between reported confirmed deaths
and actual deaths, which has leaved an adverse effect
on the assessment and response to the pandemic.

REFLECTING ACTUAL RISK OF DYING
FROM COVID-19

With the rapid progress of vaccine coverage, it is
particularly important to do the assessment of
mortality risk and the evaluation of pandemic
prevention and control effects, which may guide the
allocation of vaccines around the world. However, it is
difficult to measure and compare the true mortality
risk of COVID-19 across countries. One reason is that
the mortality risk varied with time and populations
vastly. For example, CFR and IFR reported by many
countries have varied substantially over time.
According to Johns Hopkins CSSE, the CFR of
Germany population has ranged from 0.17% to
4.70%, while that of Italy has ranged from 1.94% to
14.52% from February 21, 2020 to November 6,
2021. Meanwhile, findings from seroprevalence data
showed that IFR ranged from 0 to 1.63% among 74
estimates and the medium rate was 0.27% (13).
Another example might be the evidence that minority
ethnic groups are at a higher risk of catching and dying
from COVID-19. Data from the United Kingdom
Office for National Statistics showed that the risk of
dying from COVID-19 for black people was more
than 4 times the white population in England and
Wales (14). The changes in CFR and IFR are thought
to be associated with many factors like demographic,
economic, and political variables (75-16). The
variability of CFR and IFR added to the difficulty in

the evaluation and management of the pandemic.

LIMITED PROGRESS IN THE
COLLECTION AND PUBLISHING OF
ALL-CAUSE DEATH DATA

The analysis of the overall effect of the COVID-19

pandemic on mortality was based on the collection and
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publication of all-cause death data. Take the indicator
LE as an example, only some countries have published
the data of LE in 2020 so far, although such work is
beneficial for managing the pandemic. According to
Eurostat, LE at birth fell in the vast majority of
European Union due to the COVID-19 pandemic.
The largest decreases were recorded in Spain (-1.6 years
compared with 2019), followed by Bulgaria (-1.5). The
indicator LE clearly reflected the offsetting effect of the
pandemic on the positive progress of public health in
EU countries (/7). However, we still lacked official
statistics on LE for more countries to understand the
global situation. Up to now, there have been two main
databases publishing all-cause death data regularly, the
Human Mortality Database (HMD) and the World
Mortality Dataset (WMD). WMD has been
publishing updates since January 2021 for 108
countries and regions currently. However, the data is
not broken down by age and published either weekly
or monthly. HMD has been publishing relatively
detailed updates since May 2020, but it has only
involved 41 countries or areas so far. Lack of timely,
detailed data sources will no doubt hinder the
application of EMPS and LE as well as understanding
the ongoing pandemic, eventually turning into a major
problem for researchers and policymakers.

DISCUSSCION AND FUTURE
DIRECTIONS

We need more timely, accurate, and accessible
COVID-19 mortality data from surveillance systems to
aid in the evaluation and management of the
pandemic. Especially as variants such as Omicron
become dominant, many countries across the world
have experienced a surge in deaths since 2021.
Although EMPS and LE were less susceptible to
limitations in these systems based on COVID-19
diagnosis, they did not realize the expected value in
understanding the burden of COVID-19, because of
limited collection of all-cause death data in most
developing countries. Therefore, further investment to
improve the timely recording and cause diagnosis of
deaths is a vital part of pandemic preparedness for most
countries.

First, equitable access to vaccines and diagnostics in
low- and lower middle-income countries must be
ensured. Research showed a sustained reduction in
COVID-19 mortality corresponding to increasing
vaccines coverage and testing volumes (/8-19).
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However, the production and purchasing capacity of
vaccines and diagnostics varies vastly in high- and low-
income countries, leaving a negative effect on the
evaluation and management of the pandemic across
countries.

Second, proper death certification and registration
should be encouraged for every country. The accuracy
of the confirmed COVID-19 death data remains to be
discussed, due to the limited testing and challenges in
the attribution of the cause of deaths. Improper death
certification and registration will reduce the data
quality and limit the ability to track the evolving
COVID-19 pandemic, which in turn adversely affect
the local and national responses. So far, most countries
still have been typically providing own guidance on
how and when to report confirmed COVID-19 deaths,
and some countries are still slow in constructing death
registration systems. In order to obtain more accurate
and comparable death data, countries are suggested to
establish uniform standards for COVID-19 death
certification while improving death registration.

Third, all-cause death data should be effectively
collected and disclosed. The calculation and
comparison of all-cause mortality across countries was
not affected by limitations such as insufficient testing
volumes. Therefore, using all-cause death data to
analyze the effect of the epidemic on mortality is
currently the most likely to be achieved on a global
scale. Currently, the database HMD and WMD are
collecting all-cause death data from various countries
or regions, but this depends on the timely and
transparent data released by each government.

In summary, measuring the mortality variations
during the COVID-19 pandemic can contribute to
control of the pandemic. This requires us to fully
understand the mechanism of the effect of the
COVID-19 pandemic on mortality and choose proper
measurement to  capture this impact. Most
importantly, effective measures must be taken to
effectively and promptly collect data on various
measurements.
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Methods and Applications

Field Evaluation of a Duplex RT-RAA Assay for Rapid Detection of
SARS-CoV-2 — Hebei Province, China, January 2021

Ruiqing Zhang"%; Shunxiang Qi*%; Jiandong Li'; Shiyou Liu’; Guangyue Han%
Xinxin Shen'; Qi Li**; Wenbo Xu'*; Xuejun Ma'**

ABSTRACT

Introduction: Recently, a local cluster epidemic
has occurred in Shijiazhuang City, Hebei Province.
Failure to promptly identify patients with fever in rural
areas was the major reason for this epidemic.

Methods: We presented the field evaluation of a
new real-time reverse transcription recombinase-aided
(RT-RAA) kit
endogenous internal control in a single-tube format,
completed at the Hebei CDC from January 17, 2021
to January 27, 2021.

Results: We evaluated the diagnostic performance
of RT-RAA assay using automatic extracted RNA of
808 clinical samples. Compared with
transcriptase real-time quantitative PCR (qRT-PCR),
RT-RAA kit achieved 92.41% sensitivity, 98.78%
specificity and a  96.29%  coincidence  rate,
demonstrating an excellent agreement between the RT-
RAA assay and qRT-PCR assay. Furthermore, 58
samples were extracted using a manual extraction
method within 5 minutes, but only samples with high

amplification incorporating  an

reverse

nucleic acid concentration (cycle threshold value not
higher than 32) could be stably detected.

Discussion: The RT-RAA is more suitable to meet
the needs of rapid, sensitive, and accurate detection in
community-level medical institutions.

INTRODUCTION

Recently, local cluster COVID-19 epidemics have
occurred in rural areas and the urban-rural border
regions in Shijiazhuang City, Hebei Province. Rural
medical institutions were not able to detect new cases
promptly, resulting in rapid spread of the epidemic (7).

Reverse transcriptase real-time quantitative PCR
(qQRT-PCR) is considered the gold standard of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) RNA detection. However, it is difficult to be used at
the grass roots level due to being relatively time-
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consuming and requiring skillful  technicians,
specialized equipment, and biosafety labs (2-3). In our
previous study, we reported an ultrafast single-tube
assay for SARS-CoV-2 RNA detection using a reverse
transcription recombinase-aided amplification (RT-
RAA) kit, which revealed the distinctive advantages of
simplicity and rapidity in terms of operation and
turnaround time (4). We then upgraded this kit and
developed a duplex single-tube assay for SARS-CoV-2
RNA targeting both the ORFlab gene and GAPDH
gene (endogenous internal control). The RT-RAA kit
passed the quality assessment of National Institutes for
Food and Drug Control and showed the lowest
detection sensitivity in the range of 45 copies/mL to
137 copies/mL on November 30, 2020. Afterwards,
the kit obtained the CE certification of the European
Union and was officially approved by National
Medical Products Administration (NMPA). Here we
presented the onsite evaluation results of the RT-RAA
kit, completed in Hebei CDC from January 17, 2021
to January 27, 2021.

MATERIALS AND METHODS

Specimens

The specificity evaluation panel was preserved in
China CDC consisting of inactivated cultures or
nucleic acids of SARS-CoV-2, human coronavirus
(HKU1, OC43, NL63, and 229E), influenza virus
types A (Flu A), FluA-HIN1, FluA-H3N2, FluA-
H5N1, FluA-H7N9, influenza virus types B,
respiratory syncytial virus type A and B, parainfluenza
virus, human rhinovirus type A, type B, and type C,
human adenovirus, enteroviruses, human
metapneumovirus, Epstein-Barr virus, measles virus,
human cytomegalo virus, Boca virus, rotavirus,
varicella zoster virus,
Chlamydia  pnewmoniae,

Bordetella pertussis,
Staphylococcus  aureus,

norovirus, mumps virus,
Mycoplasma ~ pneuwmoniae,
Legionella pneumophilia,
Haemophilus  influenzae,
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Streptococcus  pnewmoniae,  Streptococcus  pyogenes,
Klebsiella  pneumoniae,  Mycobacterium  tuberculosis,
Aspergillus  fumigatus, Candida albicans, Candida

glabrata, Cryptococcus neoformans and human genome
DNA.

A total of 808 throat swab samples were collected in
Hebei from January 17, 2021, to January 27, 2021.
National Reference Panel for 2019-nCoV Nucleic
Acids Detection Kit was from NMPA. All aspects of
the study were performed as per the National Code of
Ethics and approved by the Institutional Review
Boards of local CDCs and hospital mentioned above.

Analytical Sensitivity and Specificity of
RT-RAA Kit

The schematic diagram of the endogenous internal
controlled RT-RAA was shown in Figure 1. All of the
primers and probes for the ORF1ab gene and GAPDH
gene (5) were lyophilized in the reaction unit. The
specificity evaluation panel as described above was used
to evaluate the specificity of RT-RAA assay. The
original concentration of National Reference S solution
was 3x10° copies/mL. The sensitivity of RT-RAA assay
was assessed using 3-fold serially diluted S solution
(1:9, 1:27, 1:81, 1:243, 1:729, and 1:2,187,
labeled as S1-S6, respectively). Nucleic acid extraction
of each S concentration was then carried out for eight

replicates by RT-RAA detection.

Automatic RNA Extraction
Total RNA was extracted from 200 pL of sample
preservation solution using automatic extraction kits
(BioPerfectus, China) according to the instructions

ORF1lab gene of SARS-CoV-2

recommended by the manufacturer. The nucleic acid
was eluted in 50 pL of nuclease-free water and stored at
-80 °C until use.

Simplified RNA Extraction
RNA was obtained from 58 clinical samples using
nucleic acid lysis solution (Qi Tian, Jiangsu Province,
China) under the following dilution: 95 pL of clinical
samples mixed with 5 pL of lysis solution. The
mixtures were then briefly vortexed and incubated at
followed by

centrifugation (10,000 rpm) prior to use. Among

room temperature for 2 min,

them, 10 samples were collected in sampling tubes
from Changchun Zhihe Co., Ltd, China and the other
48 samples were collected in sampling tubes from

Cangzhou Yongkang Co., Ltd., China.

Protocol of RT-RAA Kit for SARS-CoV-2

RNA Detection
A RT-RAA reaction system included 42.5 pL of
reaction buffer, 2.5 pL of 280 mmol/L magnesium
acetate, 5 pL of extracted nucleic acid or 5 pL
negative/positive control. After capping the tube, the
reaction tube was symmetrically placed in the
pretreatment system RAA-B6108 for pre-defined
vortex and centrifugation for 7 min, the reaction tube
was then removed and transferred to the nucleic acid
amplification detector RAA-F1620. The reaction
temperature was set at 39 °C for 15 min, and the

results could be observed in real time.
The result was considered positive when ORF1lab
channel was positive and GAPDH was positive or
negative. The result was considered negative when

—_—
|
. _______________________________________________________________________________|
_
GAPDH
—_—
| | |

ORF1lab gene sequence

-
GAPDH gene sequence

ORF1lab Forward Primer

GAPDH Forward Primer

ORF1lab Reverse Primer ORF1lab probe

GAPDH Reverse Primer GAPDH probe

FIGURE 1. Schematic diagram of the endogenous internal controlled RT-RAA assay for detection of SARS-CoV-2.
Abbreviations: RT-RAA=reverse transcription recombinase-aided amplification; SARS-CoV-2=severe acute respiratory
syndrome coronavirus 2; GAPDH=glyceraldehyde-3-phosphate dehydrogenase.
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ORFlab channel was negative and GAPDH was
positive. The sample needed to be re-tested when both
target genes (ORFlab and GAPDH) were negative,
probably resulting from the presence of inhibitors in
the sample or the sampling errors.

Operation Standard

All the experimental operations and biosafety
protection in this study strictly abided by Novel
Coronavirus Nucleic Acid Testing Work Manual for
Medical Institutions (2nd Edition) (6) and SARS-
CoV-2 Laboratory Biosafety Guidelines (2nd Edition)
(7) issued by National Health Commission of the
People’s Republic of China.

Statistical Data Analysis

COVID-19 prevention and control protocols (8th
Edition) recommended that confirmed cases of
COVID-19 infection should be identified by qRT-
PCR kits (6). The qRT-PCR kit (BioGerm, Shanghai)
approved by NMPA was selected in this study for
parallel experiment. SPSS Statistics software (version
21, IBM, NY, USA) was used to perform the statistical
analysis. The results of gRT-PCR assay and RT-RAA
assay were analyzed using Kappa and McNemar's tests,
and a value of P<0.05 was considered statistically
significant. Scatter diagram analysis was used to analyze
the relationship between the time threshold (min)
detected by RT-RAA and the cycle threshold (Ct) of
gRT-PCR method using 292 positive samples of both

assays.

RESULTS

Sensitivity and Specificity of
the RT-RAA Kit

S1-S6 produced positive results for all 8 replicates,
and the sensitivity of RT-RAA was 137 copies/mL (S6)
as shown in Figure 2. No cross reactions with four
common coronaviruses or other viral and bacterial
pathogens were observed.

Comparison of RT-RAA and qRT-PCR

Totally, 808 samples were extracted using automatic
RNA extraction kits and detected by RT-RAA and
qRT-PCR (Table 1). Among the 808 samples, RT-
RAA results for 778 samples were consistent with

qRT-PCR (292 were positive, 486 were negative) and

11,000
9,900
8,800
7,700
6,600
5,500
4,400
3,300
2,200
1,100

—
01 2 3 45 6 7 8 91011 1213 14 15
Time (min)

Fluorescence (mv)

NC

FIGURE 2. Sensitivity of the duplex RT-RAA assays for
SARS-CoV-2 RNA wusing diluted National Reference
(S1-S6).

Note: The blue curve represents National Reference S1
(33,333 copies/mL); the brown curve represents National
Reference S2 (11,111 copies/mL); the dark green curve
represents National Reference S3 (3,703 copies/mL); the
purple curve represents national reference S4 (1,234
copies/mL); the light green curve represents national
reference S5 (411 copies/mL); the red curve represents
national reference S6 (137 copies/mL).

Abbreviations: SARS-CoV-2=severe acute respiratory
syndrome coronavirus 2; RT-RAA=reverse transcription
recombinase-aided amplification.

TABLE 1. The clinical performance of the RT-RAA using simplified RNA extraction or automatic RNA extraction compared

with qRT-PCR as the reference method.

Method qRT-PCR Performance characteristics
Positive Negative Sensitivity (%) Specificity (%) Kappa

RT-RAA (automatic RNA extraction) Positive 292 6 92.41 98.78 0.92
Negative 24 486
Total (n=808) 316 492

RT-RAA (simplified RNA extraction) Positive 12 0 40 100 0.39
Negative 18 28
Total (n=58) 30 28

Abbreviations: RT-RAA=reverse transcription recombinase-aided amplification; gRT-RAA=reverse transcriptase real-time quantitative PCR.
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30 were inconsistent (6 were RT-RAA positive only
and 24 were qRT-PCR positive only). These 24
samples were positive only by qRT-PCR but negative
by RT-RAA, and the corresponding Ct values were all
distributed between 35 and 40. Compared with qRT-
PCR, the sensitivity of RT-RAA was 92.41% and the
specificity was 98.78%. The total coincidence rate was
96.29% and the Kappa was 0.92 (P<0.05). As shown
in Figure 3, we observed that the fluorescence signal of
most samples reached the threshold within 4 min.
Most of the samples with low viral load (Ct>35) had
higher threshold time values within 10 min, plus the
pre-reaction of 7 min, the duration of total process was
within 20 min.

Furthermore, 58 samples were extracted using
simplified extraction method and detected by RT-RAA
and qRT-PCR (Table 1). Among the 58 samples, RT-
RAA results of 40 samples were consistent with qRT-
PCR (12 were positive, 28 were negative), and the Ct
values of 12 RT-RAA-positive samples ranged from 20
to 32. Additionally, the Ct values of 18 samples
(positive only by qRT-PCR) ranged from 32.2 to 36.4.

DISCUSSION

At present, commercial qRT-PCR kits are widely
used for the detection of SARS-CoV-2 (8-9). Our
current results indicated that the clinical performance
of the RT-RAA kit was comparable to that of the qRT-
PCR kit. Nevertheless, the samples with Ce>35 were
steadily detected by RT-RAA within 20 min, much
shorter than qRT-PCR kits (1-2 h), suggesting that
RT-RAA assay had adequate sensitivity to rapidly
identify clinical samples with very low viral load (4).
This RT-RAA kit incorporated an endogenous internal
control that ensured its reliability by monitoring
sample collection, RNA extraction, and RAA reaction.
With added advantages of simple operation, quick
training, and portability, RT-RAA is thus a valuable
alternative to qRT-PCR to meet the needs of rapid,
sensitive, and accurate detection in community-level
medical institutions (such as fever clinic, county, and
township) (10-11).

We observed that the selection of nucleic acid
extraction methods had a dramatic impact on the
sensitivity of RT-RAA detection. Particularly, the
extraction efficiency and quality of sampled nucleic
acids are greatly affected by the virus sampling tubes
with inactivation agents. The influence of sampling
tubes could be eliminated by using a fully automatic
nucleic acid extraction instrument and a matching

Chinese Center for Disease Control and Prevention

10 - °
i [ ]
8 o
CCO
—~ 61
=]
g oo!.
? 41 °
L4 ™
[ ]
2 °°d
o % o o35 geoe
0 :
0 10 20 30 40
Ct

FIGURE 3. Scatter diagram analysis of RT-RAA threshold
time (TT) (y-axis) and qRT-PCR cycle threshold values
(Ct) (x-axis).

Note: Data were analyzed by GraphPad Prism software
(version 8, GraphPad Software, San Diego, USA).
Abbreviations: RT-RAA=reverse transcription recombinase-
aided amplification; qRT-PCR=reverse transcriptase real-
time quantitative PCR.

extraction kit. While using a simplified extraction
method, the sensitivity of RT-RAA dropped to 40%,
suggesting that the RT-RAA was not compatible with
the inactivator of sampling tubes. At present, RT-RAA
is only moderately suitable for simplified extracted
nucleic acid with a few brands of sampling tubes
containing inactivated agents (such as Changchun
Zhihe Biotechnology Co., LTD.). The use of nucleic
acid lysis solution could achieve manual extraction of
nucleic acid within 5 mins, but only samples with a
high nucleic acid concentration (Ct value not higher
than 32) could be stably detected.

However, this study had a few limitations. Firstly,
only single gene (ORFlab) was targeted for SARS-
CoV-2. Secondly, this study only tested 58 throat swab
samples using simplified RNA extraction, different
clinical sample types and more samples are needed to
verify this method.

Our clinical evaluation results highlighted the
feasibility of RT-RAA and its potential utilization in
rural areas. Herein, we propose two schemes for
practical reference. Scheme 1: this combination (Any
sampling tube with inactivation agent + fully
automated nucleic acid extraction instrument + RT-
RAA kit) is recommended for routine use in county
health centers and fever clinic laboratories equipped
with biosafety cabinets. Scheme 2: this combination
(Sampling tube from Changchun Zhihe Biotechnology
Co., LTD. + 5 min of manual simplified extraction +
RT-RAA kit) is recommended for emergency use in
township health centers and fever outpatient

CCDC Weekly /Vol. 4/ No. 23 507
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laboratories without biosafety cabinets.
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Methods and Applications

Novaferon Effectively Inhibits Ancestral SARS-CoV-2 and
Omicron Variant in Vitro, 2022

Fei Ye'; Baoying Huang'; Li Zhao'; Yao Deng'; Jiao Ren'; Wenjie Tan"*

ABSTRACT

Introduction: To identify Novaferon (Nova), a
novel recombinant protein of interferon (IFN)-a,
activity — against
respiratory syndrome coronavirus 2 (SARS-CoV-2)

antiviral ancestral severe acute

and Omicron variant in vitro.

Methods: Vero cells were infected with SARS-
CoV-2 and Omicron variant in a biosafety level-3
laboratory. And viral replications were accessed using
quantitative real-time reverse transcription polymerase
chain reaction (RT-PCR).

Results: Results demonstrated that Nova has
effective inhibition against ancestral SARS-CoV-2 and
Omicron variant in vitro.

Discussion: The in vivo effects of Nova need to be
further tested in animal models. And large-scale
randomized double-blind clinical trials are needed to
reveal its potentially clinical application.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has become a severe threat to global
public health (7). The virus has spread rapidly to more
than 200 countries worldwide. The World Health
Organization (WHO) declared the outbreak of
COVID-19 to be a global pandemic on March 11,
2020. As of February 15, 2022, the disease had caused
more than 400,000,000 human infections with over
5,000,000 deaths globally (2). Moreover, the constant
emergence of variants of concern (VOCs) of SARS-
CoV-2, such as the Omicron (B.1.1.529) variant,
increases the risk of vaccine failure (3). Thus, there is
an urgent need for the development of antiviral drugs.

Type I interferons (IFNs) a /3 are one of the most
common biotechnological drugs that have broad-
spectrum antiviral activities against ribonucleic acid
(RNA) viruses. Type I IFNs induce an antiviral
response across a wide range of cell types and mediate
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adaptive immune responses (4). SARS-CoV-2
replication is inhibited by IFN- o and IFN-B iz vitro
(5). Novaferon (Nova) is a new recombinant IFN- o -
like protein with significantly higher activity than IFN-
a; it has been approved for the treatment of chronic
hepatitis B in China (6). In our previous study, Nova
was shown to inhibit ancestral SARS-CoV-2
replication in wvitro (7). The Nova and Nova plus
lopinavir/ritonavir groups had significantly higher viral
clearance rates than the lopinavir/ritonavir group and a
3-day reduction in viral clearance (7). The cytotoxic
effect of Nova was assayed in this study, and we
reported that Nova exhibited antiviral activity not only
against ancestral SARS-CoV-2, but also against the
Omicron variant in cultured cells. These results
showed the therapeutic potency of type I IFNs against
COVID-19.

METHODS

African green monkey kidney Vero cells (ATCC,
CCL-81) were cultured at 37 °C in Dulbecco’s
modified Eagle’s medium (DMEM) (Gibco, Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum(FBS)(Gibco, Grand Island, NY, USA), 200
mg/mL streptomycin, and 200 IU/mL penicillin in an
atmosphere containing 5% CO,. SARS-CoV-2 viruses
(ancestral virus 2019nCoV-CDC-Tan-HBO1 and the
Omicron variant 2019nCoV-CDC-Tan-GDO01) were
kept in our laboratory. The viruses were propagated in
Vero cells. Viral titers were determined using a
standard TCIDs) assay. All infection experiments were
performed in a biosafety level-3 laboratory.

The cytotoxicity of Nova was determined in Vero
cells using CCK8 assays (DOJINDO, Kumamoto,
Japan). Briefly, Vero cells were seeded in 96-well plates
and cultured overnight. Different concentrations of the
compound solution (100 pL) in DMEM were added
to the Vero cells and incubated for 48 h at 37 °C with
5% COy; 10 microliters of reagent from CCKS assays
were added to each well 48 h after incubation. The
ODys( value was measured using a microplate reader
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(TECAN Infinite 200 Pro, Switzerland) after 1 h of
incubation at 37 °C. The experiments were performed
in triplicate. The ODys5( value in the presence of
different concentrations of the compound was divided
by the ODys value of the negative control to calculate
the percentage of cytotoxicity. Cytotoxicity curves were
plotted using GraphPad Prism 5.0 (GraphPad
Software Inc., San Diego, CA, USA).

The antiviral activities of Nova and remdesivir
against SARS-CoV-2 were evaluated in vitro. Briefly,
cells were seeded in 96-well plates at a density of 2x10%
cells/well and grown for 24 h. Vero cells were infected
at a multiplicity of infection (MOI) of 0.01 for 1 h at
37 °C. Virus was washed with DMEM twice and then
cells were treated with a medium containing Nova at
various concentrations or remdesivir at different
concentrations (20 pmol/L, 4 pmol/L, 0.8 pmol/L,
0.16 pmol/L, 0.032 pmol/L) for 48 h. For the
prophylactic administration test, Nova was added 2 h
before viral infection and washed twice with DMEM.
The cells were then incubated in fresh DMEM for 48
h. The supernatant was collected, and the RNA was
extracted and analyzed by relative quantification by
quantitative real-time reverse transcription polymerase
chain reaction (QRT-PCR), as described in a previous
study (8).

Viral RNA was extracted from 100 pL supernatant
of infected cells using an automated nucleic acid
extraction (TTANLONG, Xi'an, China)
following the manufacturer’s recommendations. SARS-
CoV-2 was detected using the One Step PrimeScript
RT-PCR kit (TaKaRa, Shiga, Japan) on a LightCycler
480 Real-Time PCR system (Roche, Rotkreuz,
Switzerland). ORF 1lab was amplified from cDNA,
cloned into MS2-nCoV-ORF1lab, and used as the
plasmid standard after its identity was confirmed by
sequencing. A standard curve was generated by
determining copy numbers from serial dilutions
(103-10% copies) of the plasmid. The primers used for
quantitative PCR were lab-F: 5-AGAAGATTGG
TTAGATGATGATAGT-3’; 1ab-R: 5-TTCCATC
TCTAATTGAGGTTGAACC-3’, and probe 5’-FAM-
TCCTCACTGCCGTCTTGTTGACCA-BHQ1-3.
The individual concentration for 50% of maximal
effect (ECsp) values were calculated using GraphPad
Prism 5.0. All experiments were conducted in
triplicate.

system

RESULTS

Cell viability after Nova treatment was determined
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using the CCKS8 assay in Vero cells. The 50%
cytotoxic  concentration (CCsy) of Nova was
1,076 ng/mL (Figure 1A). To investigate the antiviral
effect of Nova against the ancestral SARS-CoV-2 virus,
Vero cells were infected with the virus and incubated
with Nova and remdesivir at various concentrations for
48 h. Remdesivir was selected as the positive control in
our study, and the results showed that the ECs of
remdesivir  was 1.52 pmol/L (Figure 1B). Nova
inhibited the replication of the SARS-CoV-2 ancestral
virus with an ECsq value of 0.0019 ng/mL (Figure
1C).

To illustrate the efficacy of Nova in inhibiting the
SARS-CoV-2 Omicron variant replication in vitro,
Vero cells were infected with the Omicron variant and
incubated with Nova and remdesivir at various
concentrations for 48 h. Results showed that
remdesivir inhibited the Omicron variant with an
ECs( of 0.75 pmol/L (Figure 1D). The ECs values of
Nova for SARS-CoV-2 Omicron variant were 0.0027
ng/mL (Figure 1E).

In  Vero «cells, pretreatment with different
concentrations of Nova influences the replication of
the SARS-CoV-2 Omicron variant. The ECsy of
pretreatment with Nova for the SARS-CoV-2
Omicron variant was 0.2 ng/mL (Figure 1F). Taken
together, these results indicated that pretreatment or
treatment with type I IFN significantly inhibited both
ancestral SARS-CoV-2 and Omicron variant infections
in vitro.

DISCUSSION

Owing to the lack of specific antiviral drugs, rapid
evaluation of the antiviral activity of existing licensed
drugs is a critical method to combat the pandemic.
Here, we showed that Nova inhibits replication of
ancestral SARS-CoV-2 and the Omicron variant in
vitro. Pretreatment with Nova protected cells against
Onmicron variant infection iz vitro.

Type I IFNs are the first line of defense and are vital
for blocking early viral replications, spread, and
tropism, as well as promoting the adaptive immune
response. Type I IFNs induce a systemic response that
affects almost every cell in the host (4). It is reported
that compared to the severe acute respiratory syndrome
coronavirus, SARS-CoV-2 is more sensitive to IFN-I
(9). In addition, IFN beta-1b was shown to decrease
virus-induced lung fibrosis in a mouse model (10),
which may improve the outcomes of patients with
COVID-19 complicated by acute respiratory distress

Chinese Center for Disease Control and Prevention



China CDC Weekly

A B C
100 4 - 110 = 110 —
997 €Cy=1,076 1] ECy=1.52 1107 BC,,=0.001,9
~ 801 ]
& 70 < 801
= 60 < 07
o CROEEEEEEEEEEEPEEEE FREE N T A
g S 50
% 401 E 201
i
= T = i
T10] ey a o & = 10
g T P hE ; . . 0 : . . : .
7107 Te1 110 100 1,000 10000 10 0.1\( 1 10 100 -10- [ o001 001 o 1 10
Novaferon (ng/mL) -30- Remdesivir (umol/L) 30 Novaferon (ng/mL)
D E F
110 - 110 7 — 110 =
1101 BCy=0.75 107 EC,=0.002.7 1107 ECy=02
;i i g i
S 1 & 807 S
604 = 70+ =
£ 291 £ 60- £
= ] 5 50 5
z 3 £ 40 £
= ] |
Z 104 = 30 = L
.01 0 - 01 i T T T d
10 10 oY1l 0.01 0.1 1 10
—20 1 10 7 —20 A .
=30 - 0 T T T T =30 - Remdesivir (mol/L)
0.000,1 0.001  0.01 0.1 1 10
Remdesivir (umol/L) Novaferon (ng/mL)

FIGURE 1. Cytotoxic effect of Nova and antiviral activities of Nova and remdesivir against ancestral SARS-CoV-2 and the

Omicron variant in Vero cells.

(A) The cytotoxicity of Nova. (B and C) Antiviral activities of remdesivir and Nova against ancestral SARS-CoV-2. (D and E)
Antiviral activities of remdesivir and Nova against the Omicron variant. (F) Prophylactic antiviral activity of Nova against the

Omicron variant.

Abbreviations: Nova=Novaferon; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

syndrome. These results were partly consistent with
those of our previous study: Nova and Nova plus
lopinavir/ritonavir groups had significantly higher viral
clearance rates than the lopinavir/ritonavir alone or
control groups (7).

As the SARS-CoV-2 Omicron variant replaced the
Delta variant as the main pandemic virus in late 2021
in the world, the risk of severe breakthrough infection
was high (3). Considering immune-compromised
individuals and the high price of monoclonal antibody
therapy and antiviral agents, more treatment options
were urgently needed. The IFNs were proved to be safe
and available, more clinical trials on IFNs alone or
combined with other medicines were worth exploring.

However, there were limitations in this study. The
inhibition of Nova against the ancestral SARS-CoV-2
and Omicron variant was only tested in vitro. The in
vivo effects of Nova need to be tested in animal models
such as K18-hACE2 mice. And more importantly,
large-scale double-blinded clinical trials are needed to
verify the efficacy of Nova in COVID-19.

In summary, we characterized the inhibition of
Nova against ancestral SARS-CoV-2 infection in vitro.
Antiviral activity of Nova was also observed in SARS-
CoV-2 Omicron variant-infected cells. Furthermore,
pretreatment of Vero cultures with Nova reduced
SARS-CoV-2 replication. Overall, these data suggested
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that Nova is a potential candidate for the management
of COVID-19 and could be worthy of further in vivo
study and clinical trial.
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