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Topic: Update on COVID-19
Research

Timeline and Spectrum of COVID-19

As more information becomes available, researchers are better able to define the period of
illness associated with SARS-CoV-2 infection (Datta et al., 2020).

Currently, there are three periods of illness associated with
SARS-CoV-2 infection:

o Acute COVID-19 disease that infects the respiratory tract

¢ A hyper-inflammatory response after the end of the infection

¢ Late inflammatory-based and virus-based symptoms that
persist for months after resolution of infection

The initial illness period, or acute COVID-19 disease, following infection with SARS-CoV-2 is
currently the best characterized of the three periods. During this initial period, many people
experience symptoms such as cough, fever, and difficulty breathing (or dyspnea) that are
caused by viral replication and the initial host immune response. There is also a high rate of
asymptomatic individuals who have SARS-CoV-2 infections, ranging from 3% to 67% in
different studies.

However, progression to the other periods of COVID-19 illness is not always
preceded by the presence of symptoms during the initial infection, and those
without symptoms during the acute stage of COVID-19 can have later problems.

The acute phase of COVID-19 lasts between a few days and weeks, and is identified by positive
tests of either PCR-based testing or antigen tests. The majority of individuals test positive for
antibodies (IgM and IgG) against SARS-CoV-2 within two weeks of initial symptom onset.

The second phase of iliness is defined by a multisystem inflammatory syndrome (MIS) that can
occur in both children and adults after the end of the acute phase. The inflammatory response in
this stage differs from those that occur during the initial infection in that they occur in organ
systems not directly infected by the virus. The cause of the syndrome is thought to be a
dysregulated host immune response after clearance of the virus from the body. The most
prominent symptoms are in the cardiovascular and gastrointestinal systems, but there are also
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changes in the skin and mucous membranes. Laboratory tests have been found to be similar to
the responses observed in the hyper-inflammatory condition called Kawasaki disease, including
high levels of inflammatory molecules, evidence of dysregulation of blood clotting mechanisms,
and elevated levels of molecules associated with cardiac damage. The incidence of MIS in
children (MIS-C) seems to be higher, but there is more difficulty in diagnosing the syndrome in
adults (MIS-A) because adults often have more severe symptoms during the acute phase
making it more difficult to differentiate a distinct progression between the two phases.

The emergence of late symptoms after viral infections has been observed in numerous different
types of viruses, including Lyme disease, syphilis, and Ebola. The cause of these late
symptoms are proposed to be a combination of organ involvement during the acute infection
period, manifestations of a long-term hyper-inflammatory state, physical debilitation or
psychological symptoms following a long or difficult disease course, or ongoing viral activity
from a viral reservoir within the body. Because infections from SARS-CoV-2 are still a recent
occurrence, research on this phase of the disease is the least understood. Most of the research
reports include only single individuals, and large studies are not yet available. However there
are some associations that have been identified. First, symptoms from the third phase of
COVID-19 are not limited to people who required hospitalization for treatment of the acute
infection. The types of symptoms that have been reported thus far include cardiovascular,
pulmonary, neurological, and psychological manifestations. The third stage seems to begin
about four weeks after the initial infection and can continue for an unknown length of time.

Defining the phases of infection can aid public health officials in determining the
extent of adverse, long-term outcomes and mortality from SARS-CoV-2 infection
and may have important implications for public health surveillance, clinical
research, future treatments, and health services planning.

Potential COVID-19 Vaccines
AstraZeneca and Oxford University Vaccine

AstraZeneca announced the interim results of the Phase 3 clinical trial of their vaccine
candidate for COVID-19 in a press release. The results show that the there was an overall
average efficiency of 70% (AstraZeneca, 2020). Due to a procedural error, one group of patients
received a half dose at the first injection and a full dose for the second injection, and the efficacy
of this group was found to be 90%. Results from the group that received two full doses showed
that the vaccine had an efficacy of 62%. The safety profile of the vaccine was good, no serious
adverse events related to the vaccine were reported, and the vaccine was well tolerated in both
dosing regimens.

The results suggest that, while the vaccine reached the efficiency threshold
previously set for a successful COVID-19 vaccine, it seems to be less effective
than the two other vaccines that have reported results from Phase 3 trials.

The differences in efficacy between the two groups with different dosing are somewhat puzzling
as typically increased doses or medication and vaccines lead to a stronger response.
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The reduced efficacy may lead to issues with approval of the vaccine for use in the United
States because of the availability of more efficacious alternatives and the differences in
treatment groups due to the dosing error, and it would cause difficult decisions on who would be
immunized with the less effective vaccine (Branswell and Fererstein, 2020). It is possible that
the lower dose allows for a more robust immune response when the second dose is
administered, but it has also been determined that the group receiving the lower dose were all
participants who were under the age of 55 years, which is a group that would be expected to
have a more robust response to a vaccine than older individuals, suggesting that the vaccine
may be more effective in younger individuals (Lauerman and LaVito, 2020).

Experts, who were not part of the study, felt positive about the vaccine even with the potentially
lower efficacy data because none of the participants who received the vaccine had severe
symptoms of COVID-19 (Branswell and Fererstein, 2020 and Callaway, 2020). There were also
fewer asymptomatic cases associated with the AstraZeneca vaccine, which along with previous
research, suggests that the vaccine may reduce transmission.

Importantly, the vaccine can be stored for up to six months at normal refrigerator
temperatures, making it easier to distribute than the vaccines developed by Pfizer,
which requires ultra-cold storage, or Moderna, which requires storage at freezer
temperatures.

Results from the Phase 2 clinical trial of the vaccine were published in The Lancet. The study
included information on 560 participants between May 30 and August 8 and examined the
response to either inoculation with the COVID-19 based vaccine or with a placebo vaccine that
protects against meningococcal bacterial infections (Ramasamy et al., 2020). The results were
analyzed both as the whole group and based on age.

Side effects were more common in the group receiving the COVID-19 vaccine and included
infection-site pain, feeling feverish, muscle ache, and headache. These side effects were less
common in participants over the age of 55. In total, 13 serious adverse events were reported,
but further investigation showed that they were not related to the vaccine.

There were similar levels of IgG antibodies produced against the SARS-CoV-2 spike protein
across the different age groups in the study, and by 14 days after the second dose, greater than
99% had a neutralizing antibody response. The T-cell response was found to peak 14 days after
the initial dose.

Based on the results from this clinical trial, the researchers concluded that the
AstraZeneca vaccine was better tolerated by older adults and had similar levels of
immune response based on the measurement of antibodies and T-cell response.

The CEO of AstraZeneca stated that it is likely that another clinical trial will be needed to
address the inconsistencies in the Phase 3 trial (Lauerman and LaVito, 2020).
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Moderna Vaccine

The final analysis of the Phase 3 study of the vaccine developed by Moderna was published in a
press release (Moderna, 2020 and Herper and Garde, 2020). The analysis was performed when
there were 196 confirmed, symptomatic cases of COVID-19 reported, and the results confirm
the results reported after the interim analysis with a vaccine efficacy of 94.1%. No new safety
concerns were observed. Additionally, as agreed upon by the FDA and other experts, the
company was able to apply for an Emergency Use Authorization (EUA) because two months
had accrued since the last participant had received the second dose of the vaccine. This time
period is thought to allow for any serious adverse events to emerge from exposure to the
vaccine.

There were a total of 196 cases of COVID-19 reported, and 185 were from participants who
received the placebo while 11 occurred in participants receiving the vaccine. There were 30
cases who had severe symptoms, and all of the participants with severe symptoms were in the
placebo group. There was one COVID-19 related death that occurred with a participant in the
placebo group.

The researchers found that efficacy was consistent across age, race or ethnicity,
and gender.

The company also announced that they will begin testing the vaccine in children aged 12 to 17
(Grady, 2020). Based on information from ClinicalTrials.gov, the study plans to enroll 3,000
children for a placebo controlled investigation of the effects of the vaccine. Pfizer and
AstraZeneca have already included children starting at age 12 in their studies.

Pfizer Vaccine

The officials who regulate new drug products in the United Kingdom have granted emergency
approval to the Pfizer vaccine (Booth and Adam, 2020). In the announcement, officials stated
that distribution of the first doses is expected to begin in the second week of December. The
government has decided to prioritize those who have the highest risk of dying, and residents
and staff at nursing homes are expected to be the first to be inoculated. The next groups to
receive a vaccine are individuals over the age of 80 and front-line medical workers. The order
for the next groups is reported to be people over 75, people over 70, and individuals who are
extremely vulnerable based on their clinical condition.

Sinovac Vaccine

Results from the Phase 1/2 trial of the Sinovac vaccine candidate, called CoronaVac, were
published in The Lancet (Zhang et al., 2020). CoronaVac is an inactivated vaccine rather than
an mRNA vaccine as with the three candidates that have recently reported Phase 3 results. The
clinical trial included 144 participants in the Phase 1 section of the trial and 600 participants in
the Phase 2 section of the trial. The vaccine is administered in two doses separated by either 14
days or 28 days, and the effect of different doses was also investigated.
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Table 1. Results of the Phase 1 section
Percentage of Percentage of

Participants with Participants with
Neutralizing Antibodies Adverse Reactions
3 Mg group, 14 day schedule 46% 29%
6 ug group, 14 day schedule 50% 38%
Placebo, 14 day schedule 0% 8%
3 ug group, 28 day schedule 83% 13%
6 pug group, 28 day schedule 79% 17%
Placebo, 28 day schedule 4% 13%

The same doses and schedules were evaluated in the Phase 2 section of the clinical trial.

Table 2. Results from the Phase 2 section.

Percentage of Percentage of
Participants with Participants with
Neutralizing Antibodies Adverse Reactions
3 pg group, 14 day schedule 92% 33%
6 pg group, 14 day schedule 98% 35%
Placebo, 14 day schedule 3% 22%
3 g group, 28 day schedule 97% 19%
6 pg group, 28 day schedule 100% 19%
Placebo, 28 day schedule 0% 18%

Based on the results, the researchers recommended proceeding to Phase 3 trials
with the 3 ug dose of CoronaVac.

Strain Monitoring for Vaccines

The Coalition for Epidemic Preparedness Innovations (CEPI) has announced a collaboration to
monitor the emergence on new strains of SARS-CoV-2 that might contain genetic differences
that affect the efficacy of vaccines (Galford, 2020). The initiative will strengthen the global
tracking and testing of SARS-CoV-2 genetic sequences to determine if circulating strains will
impact COVID-19 vaccine development. The data collected will be analyzed by a group started
during the previous bird flu epidemic called Global Initiative on Sharing All Influenza Data, or
GISAID. Specifically, GISAID will report on how many of the components of the spike protein
change over time and track the diversity of the spike protein in strains around the world. This
information will allow researchers to make sure that vaccine candidates can be tested against
existing strains. Another group in the collaboration, the National Institute for Biological
Standards and Control (or NIBSC) from the United Kingdom will test currently identified
neutralizing antibodies to determine if they react to the spike proteins of different strains.
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Treatments for COVID-19
Casirivimab and Imdevimab

The FDA announced an EUA for the antibody cocktail from Regeneron, called REGEN-COV?2,
that contains casirivimab and imdevimab (Regeneron Drug Facts, 2020). The indications for use
are that the two must be administered together to treat mild to moderate COVID-19 in adults
and pediatric patients (12 years of age and older weighing at least 40 kg) with positive results
from viral testing, and who are at high risk for progressing to severe COVID-19 and
hospitalization. The use of the antibodies is not authorized for people who already require
treatment in a hospital for COVID-19 or those who require oxygen therapy for COVID-19. There
is evidence of poorer outcomes in individuals who already required supplemental oxygen and
then received casirivimab and imdevimab.

It was reported in the press release that “The clinical evidence from Regeneron’s
outpatient trial suggests that monoclonal antibodies such as casirivimab and
imdevimab have the greatest benefit when given early after diagnosis and in
patients who have not yet mounted their own immune response or who have high
viral load.”

The antibody cocktail was designed to mimic a well-functioning immune system by supplying
strong neutralizing antibodies that may be lacking in a natural response for some individuals.
During the testing of the treatment, no strains of SARS-CoV-2 were found that were resistant to
the cocktail.

In the clinical trial, 799 participants who were not hospitalized were treated with REGEN-COV?2.
Within seven days of treatment, there was a statistically significant reduction in the level of virus
measured (FDA Antibodies, 2020). There was also a reduction in COVID-19-related
hospitalization or emergency room visits (3% of participants) compared to a placebo (9% of
participants).

The definition provided by Regeneron of “high-risk” individuals includes people with

A body mass index greater than 35

Chronic kidney disease

Diabetes

Immunosuppressive disease, immunocompromised, currently receiving

immunosuppressive treatment

Older than 65 years of age

e Older than 55 years of age and have cardiovascular disease, hypertension, chronic
obstructive pulmonary disease, or other chronic respiratory disease

e 12to 17 years of age and have a BMI in the 85th percentile or higher for their age
and gender, sickle cell disease, congenital or acquired heart disease,
neurodevelopmental disorders (e.g. cerebral palsy), a medical-related technological
dependence (e.g. tracheostomy, gastrostomy), asthma, or reactive airway or other
chronic respiratory disease that requires daily medication for control.
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The company announced that they would be able to initially provide 300,000 doses of the
combination treatment with no out-of-pocket costs due to a United States government allocation
program. The timeline for production is expected to provide doses for approximately 80,000
individuals by the end of November, approximately 200,000 doses by the first week of January,
and approximately 300,000 doses in total by the end of January 2021 (Regeneron, 2020).

Distribution of the antibody is being coordinated by the United States government through the
national distributor Amerisource Bergen.

Doses will be allocated each week based on the number of COVID-19 cases in
each state.

Baricitinib

The FDA issued an EUA for the use of baricitinib in combination with remdesivir. Baricitinib
works by interfering with cellular signaling molecules that control inflammation, and it has been
previously approved for use in people with rheumatoid arthritis.

The indications for use of baricitinib include the treatment of suspected or laboratory confirmed
COVID-19 in hospitalized adults and pediatric patients two years of age or older requiring
supplemental oxygen, invasive mechanical ventilation, or extracorporeal membrane
oxygenation (ECMO) (FDA, 2020). The medication is not authorized for use by itself for COVID-
19. In the clinical trial of the medication, it was found that use in combination with remdesivir led
to a reduction in the time to recovery (seven days) compared to those receiving remdesivir and
a placebo (eight days). Additionally, the odds of a participant dying or being put on a ventilator
was lower for those taking baricitinib plus remdesivir compared to the placebo plus remdesivir.
Finally, the trial showed that there was a larger change in clinical improvement after 15 days of
treatment in people taking the combination therapy compared to remdesivir plus placebo.

Bamlanivimab

The COVID-19 Treatment Guidelines Panel at the National Institutes of Health released a
statement on the use of bamlanivimab, an antibody cocktail developed by Eli Lilly that was
previously known as LY-CoV555 (NIH, 2020). The medication was approved for use in the
United States under an EUA from the FDA for the treatment of non-hospitalized patients with
mild to moderate COVID-19 who are at high risk for progressing to severe disease and/or
hospitalization.
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After reviewing the information available, the panel released a
statement on the use of bamlanivimab, including the opinion that
¢ There are insufficient data to recommend either for or against the
use of bamlanivimab for the treatment of outpatients with mild to

moderate COVID-19.

e Bamlanivimab should not be considered the standard of care for
the treatment of patients with COVID-19.

e The small number of participants in the study used for granting
EUA and the low number of people who needed treatment in the
hospital or emergency department make it difficult to draw
definitive conclusions about the clinical benefit of bamlanivimab.

e Healthcare providers are encouraged to discuss participation in
bamlanivimab clinical trials with their patients.

Remdesivir

The World Health Organization has reviewed the clinical trials on remdesivir and advised
against the use of the treatment for hospitalized individuals due to a lack of evidence that use of
the medication improves survival or avoids the need for mechanical ventilation (Marchione,
2020 and Rochwerg et al., 2020). In the statement, the WHO stressed that the high cost and
lack of a “meaningful effect” on mortality make it a poor choice for treatment. There are two
placebo controlled trials available for review, one from the United States that showed a
reduction in recovery time for hospitalized patients by an average of five days, or from 15 days
to 10. The other trial, called the WHO SOLIDARITY trial, was sponsored by the WHO and
showed no benefit from treatment with remdesivir for COVID-19.

The SOLIDARITY trial is an ongoing trial that was designed to analyze a treatment using interim
results while additional participants are added or other treatments are added for investigation
(WHO Solidarity Trial Consortium, 2020). In the middle of October, 11,266 participants were
added to the analysis with 2570 taking remdesivir, 954 taking hydroxychloroquine, and 1411
taking lopinavir-ritonavir, and 6331 receiving usual care, which is used as the placebo
comparator. The addition of the participants to the analysis led to release of this most recent
guideline for treatments. Currently use of hydroxychloroquine or lopinavir-ritonavir are not
recommended for treatment of COVID-19 by any of the major governmental or professional
guidelines. However, the guidelines for remdesivir vary.

Tocilizumab

Researchers at Imperial College Healthcare NHS Trust in the United Kingdom reported partial
results from a study on the use of the anti-inflammatory drug tocilizumab in a press release
(Imperial College, 2020). The trial, called REMAP-CAP, involves over 2,000 hospitalized
patients with either moderate or severe (requiring care in the intensive care unit) COVID-19 who
are treated with multiple combinations of treatments, enabling researchers to evaluate different
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treatments for Covid-19, including antivirals, drugs which control the immune response, and
therapies that control or support other vital aspects of the body's response to the virus.

One of the medications being investigated is tocilizumab, and interim analysis of
303 participants showed that critically ill individuals treated with tocilizumab were
more likely to improve when compared to individuals who did not receive the
treatment.

The researchers felt that the positive results were important to release before peer-review, but a
full analysis of the full trial will be published as soon as possible.

Convalescent Plasma

Another study on the use of convalescent plasma to treat COVID-19 was completed and was
published in the New England Journal of Medicine (Simonovich et al., 2020).

The study included 333 participants with 228 receiving convalescent plasma and 105 receiving
a placebo. Convalescent plasma was from either a single donor or from a pool of two to five
donors, and the amount of IgG antibody was measured in each convalescent plasma pool
before transfusion. The median time from onset of symptoms to enrollment was eight days with
a range from five to ten. Before infusion of the plasma, the level of antibody produced by the
patients themselves was also measured, and all had low levels with 46% of the participants
having no detectable antibodies present.

At day 30 after the onset of symptoms, assessment of the participants showed
that there was no statistically significant difference between the convalescent
plasma group and the placebo group in clinical outcomes.

The overall mortality was 10.96% in the convalescent plasma group and 11.43% in the placebo
group. There were also no differences in the outcome in those treated with convalescent plasma
and those receiving a placebo when the overall group was analyzed in smaller groups, such as
by age or by the amount of total or neutralizing antibodies in the convalescent plasma.

The authors report that there was no clinical benefit in the use of convalescent plasma
compared to a placebo even with the use of plasma with high levels of antibodies (titer) and with
adjustments in the volume administered based on the participant’s weight. These factors were
associated with possible discrepancies in previous studies. The results in this study agree with
the results of the previously mentioned (PinnacleCare COVID-19 Update on October 12, 2020)
randomized and controlled PLACID trial that reported no difference in severe disease or death
at day 30 after the start of treatment.

SARS-CoV-2 Infectiousness

Researchers have published a review of the available literature investigating the duration of viral
shedding and timeline for peak production of the SARS-CoV-2, SARS-CoV-1, and MERS-CoV
(Cevik et al., 2020). The researchers evaluated all available published and pre-release studies
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available, and included 79 studies on SARS-CoV-2, eight studies on SARS-CoV-1, and 11
studies on MERS-CoV. The researchers performed a statistical analysis, called a meta-analysis,
to evaluate the trends across the studies. They reported on both viral RNA shedding and
presence of infectious virus. PCR tests for SARS-CoV-2 detect the presence of RNA from the
virus, but the RNA may or may not be part of infectious virus particles. RNA from the virus is
released after the active infection is over when virus fragments are cleared from the system and
previously infected cells are removed from the body. A separate test is required to identify
whether infectious virus is still present.

Overall, the mean duration of viral RNA shedding for SARS-CoV-2 was 17 days in the upper
respiratory tract, 14.6 days in the lower respiratory tract, 17.2 days in stool, and 16.6 days in
blood serum samples. The longest duration reported for viral RNA shedding was 83 days from
the upper respiratory tract, 59 days in the lower respiratory tract, 126 days in stool, and 60 days
in blood serum. Increases in the duration of viral RNA shedding were associated with increased
age.

There were no studies that detected live virus more than nine days from the onset
of symptoms even though the amount of viral RNA remained high for longer time
periods.

The amount of viral RNA detected peaked in the first seven days in individuals with SARS-CoV-
2 while the peak of viral RNA detection from SARS-CoV-1 was between 10 and 14 days and the
peak for MERS-CoV was between 7 and 10 days.

RNA Shedding Versus Infectious Virus

A study of 176 individuals who had recovered from COVID-19 and were evaluated afterward as
outpatients was published in JAMA Internal Medicine (Liotti et al., 2020). All of the individuals
had been deemed recovered from the acute infection based on the criteria at the time, which
included no fever for three consecutive days, improvement in other symptoms, and two negative
RT-PCR results for SARS-CoV-2 RNA taken 24 hours apart. It was found that 18% of the
individuals later tested positive again after clinical recovery and negative test results. However,
further investigation showed that only one of the individuals had replicating virus and developed
symptoms, and the remaining individuals had no evidence of infectious virus and remained
asymptomatic.

The authors conclude that, as reported previously, individuals who have
recovered from COVID-19 may test positive based on the presence of viral RNA,
but only a minority have an active infection that produces infectious virus.

CDC Recommendations for Length of Isolation

Based on emerging evidence, the CDC announced a change in the length of quarantine times
(CDC, 2020). Isolation is the term used for individuals who are known to have COVID-19, and
quarantine is the term used for people who have had a known exposure to someone with the
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virus, but do not yet know if they contracted COVID-19. Previous recommendations suggested a
guarantine period of 14 days after known exposure.

The new recommendations state:

e Quarantine can end after day 10 without testing and if no
symptoms have been reported during daily monitoring.

¢ When diagnostic testing is available, quarantine can end after
day 7 if with a negative test within 48 hours of the end of the 7-
day period and if no symptoms were reported during daily
monitoring.

Though it is no longer recommended that quarantine last for 14 days, additional steps to prevent
possible transmission should be followed, including continued symptom monitoring and wearing
a mask when around other people or in public spaces through the full 14 days.

The changes were made to better balance the burden of remaining in quarantine with the
calculated risk of transmission for different quarantine scenarios. Based on the available data,
researchers at the CDC estimated that the post-quarantine transmission risk at ten days without
testing is estimated to be about 1% with a worst-case-scenario of about 10%. The calculated
post-quarantine transmission risk at seven days is estimated to be about 5% with a worst-case-
scenario of about 12%.

They also state that being tested at the start of quarantine has little added value in
reducing the risk of transmission.

Testing at the start of quarantine is not necessary because the negative test required for exiting
guarantine must be performed within 48 hours of the end of the 7-day period. Tests taken at the
beginning of the quarantine period are more likely to be falsely negative due to a low amount of
virus in nasal samples early in the infection. In areas where community transmission is high,
there may not be sufficient tests available, and the CDC states that “Testing for the purpose of
earlier discontinuation of quarantine should be considered only if it will have no impact on
community diagnostic testing” of symptomatic individuals.

Officials also mentioned that “Persons can continue to be quarantined for 14 days without
testing per existing recommendations. This option maximally reduces risk of post-
guarantine transmission risk and is the strategy with the greatest collective experience at
present.”

Reinfection and Immunity from SARS-CoV-2

The information about reinfection with SARS-CoV-2 and the length of possible immunity after
infection has been difficult to pin down because of the conflicting results from different studies.
Some studies suggest that antibodies are produced and T cells are activated in a way that
would lead to long-term protection, but other studies have identified cases of people being re-
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infected within a few weeks or months and have shown a steep decline in antibody levels a few
weeks after recovery.

Confirming reinfection can be difficult due to the lingering effects of COVID-19, but in several
cases it was possible to genetically sequence the virus from both potential infections and
substantiate that they were different strains and therefore separate infections (de Vrieze, 2020).
So far there have been 24 genetically confirmed cases of reinfection, which is an underestimate
of that actual number that have occurred. The suspected number of cases of re-infection not
confirmed by genetic sequencing that have been reported include 50 in the Netherlands, 150 in
Sweden, 285 in Mexico, and 243 in Qatar. South Korea also reported 111 confirmed cases of
reinfection (Si-soo, 2020).

There is also evidence of persistent infections where the initial infection is not completely
cleared from the body and becomes active a second time (de Vrienze, 2020). In one case, the
resurgence of a previous infection was confirmed by sequencing of the viral genome. The
individual, a surgeon working with COVID-19 patients, had COVID-19 in April and the virus was
reactivated in June. The second bout of illness is often milder or asymptomatic due to some
level of immune response, but some cases have been more severe. The surgeon’s first round of
illness was mild and included a period between where she tested negative. The second
activation of the illness resulted in infection of the lungs and debilitating fatigue.

In both reinfection and resurgence of the initial infection, it is proposed that the
immune system did not provide an adequate response to protect from subsequent
illness.

However, there is also evidence of many people having a robust and stable immune response
to COVID-19. A preprint from bioRxiv details the duration of the immune response in 185 cases
of COVID-19 (Dan et al., 2020). There were 41 cases included in the study that were six months
or longer from the initial SARS-CoV-2 infection. There was also a range in the severity of
symptoms from asymptomatic to severe, and participants were recruited from different areas in
the United States. Of the participants, 92% had not been hospitalized for treatment of COVID-
19, and 97% reported having some symptoms during their illness. The participants were aged
19 to 81 years old. Most of the blood samples were provided at a single time point, but 38
provided two to four samples over a period of several months.

The researchers found that long-term antibodies (IgG) to spike protein were present at stable

levels for more than six months, and the memory B cells that produce I1gG antibodies specific to
the spike protein were more abundant at six months than one month after infection. The amount
of antibodies produced varied greatly between participants as was observed in previous studies.

The percentage of subjects with detectable levels of spike IgG antibodies at one
month after the onset of symptoms was 98%, and 90% at six to eight months.

The average half-life, or time it takes for the level to decline by one half, for spike IgG antibodies
was 100 days, and the average half-life for nucleocapsid IgG, a non-neutralizing antibody, was
67 days.
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The amount of killer and helper T cells that were specific for the SARS-CoV-2 spike protein
declined over time with a half-life of between 3 and 5 months. The T cells most commonly
detected were those that react to spike protein, membrane protein, nucleocapsid, and another
protein called ORF3a, which aligns with previously reported studies.

The researchers stress that, while sterilizing immunity, where the immune system
completely prevents infection, requires a large amount of neutralizing antibodies,
successful protection against clinical disease or death can be accomplished by
several other immune memory scenarios.

For example, the immune system can prevent a second case of hepatitis B without measurable
amounts of circulating antibodies. The hepatitis B virus has a slow course of disease, similar to
COVID-19, so that maintaining high levels of antibodies is not required. Maintenance of high
levels of antibodies would be necessary for control of a virus that leads to early symptoms after
infection, but the immune system can take the several days necessary to reactive B cellsand T
cells in response to viruses with a slower course of action.

Activation of the memory immune cells would allow for the re-infecting virus to be confined
within the upper respiratory tract, leading to milder symptoms similar to a cold rather than life-
threatening symptoms from infection in the lower respiratory tract. Additionally, the activities of
the immune cells would presumably reduce the amount of virus produced, which would reduce
the severity of the upper respiratory symptoms.

The duration of the half-life of T cells that react to SARS-CoV-2 proteins was found to be similar
to that of the response observed after immunization for yellow fever, suggesting that the
response could be long-lived. Studies of T cells produced during SARS-CoV-1 infections have
shown that they persist for up to 17 years after the initial infection.

Based on previous studies, it has been found that between 91% and 99% of
individuals produce a measurable amount of antibodies after infection and
resolution of COVID-19.

Also, studies in primates show that even low levels of circulating neutralizing antibodies were
associated with a substantial degree of protection against COVID-19.

The authors state that “While immune memory is the source of long-term protective immunity,
direct conclusions about protective immunity cannot be made on the basis of quantifying SARS-
CoV-2 circulating antibodies, memory B cells, CD8+ T cells, and CD4+ T cells, because
mechanisms of protective immunity against SARS-CoV-2 or COVID-19 are not defined in
humans.”

However, they also stress that there was a measurable immune system memory
response in three components of the system in 90% of individuals for over six
months, meaning that durable immunity against COVID-19 disease is a possibility
in most individuals.
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Mask Mandates

There have been numerous studies that have shown that wearing a mask in public spaces
reduces the spread of SARS-CoV-2, and the CDC released a report describing the reduction in
COVID-19 incidence in counties that adopted mask mandates (Van Dyke et al., 2020). On July
3, the governor of Kansas issued an executive order that required wearing masks in public
spaces, but individual county authorities were allowed to opt out of the requirement. In total, 24
counties complied with the order, and 84 opted out.

Before the mandate was put in place, from June 1 to June 7, the seven day average of COVID-
19 incidence was similar in counties that eventually did and did not adopt a mask mandate and
ranged from three to four cases per 100,000 people. The COVID-19 incidence in the state
increased between June and July, and by the time the mask mandate was put in place, there
had been a 50% to 467% increase in the number of cases, depending on the county.

After the mandate was put in place, the researchers found that the number of new
cases decreased in counties with a mask mandate, but increased in counties
without a mandate.

During the time frame of the study, from July 3 to August 23, the number of new cases per
100,000 people decreased by 6% in the 24 counties that implemented mask mandates, and the
number of new cases per 100,000 people increased by 100% in the 81 counties that opted out
of the mask mandate. This change was observed even though the counties that adopted the
mask mandate had a higher incidence of COVID-19 cases at the start of the mandate (17 cases
per 100,000 people versus six cases per 100,000 people).

After the governor’s executive order, COVID-19 incidence decreased each day in
counties with a mandate and increased each day in counties without a mandate.

It is somewnhat difficult to determine the exact contribution of mask mandates to the decrease in
COVID-19 incidence because additional procedures were also in place. The researchers stress
that the only other state mandates issued were focused on mitigation strategies for schools as
they reopened. The contribution of the mask mandates is supported by the fact that there was a
similar decrease in COVID-19 incidence after July 3 in counties with mask mandates even
though the implementation of other mitigation strategies varied.

Based on the results, the authors conclude that implementing multiple mitigation
strategies together is the recommended approach, but strategies related to mask
use mandates appear to be an important contribution that, when implemented,
can reduce transmission.

Proportion of the United States Previously Infected with SARS-CoV-2

In order to determine the prevalence of SARS-CoV-2, testing for antibodies in communities
allows for identification of those who were not tested or who were asymptomatic and unaware of
their infection (Bajema et al., 2020). Early tests for antibodies varied widely in the accuracy, but
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the tests used in this study had both high sensitivity and specificity and provide a good estimate
of the prevalence in the population of antibodies from SARS-CoV-2 infection.

The samples for testing in this study were obtained from excess blood samples submitted to two
commercial laboratories for routine screenings (e.g., cholesterol, thyroid) or clinical
management during hospitalization for conditions other than COVID-19. The samples were
collected in all 50 states, Washington D.C., and Puerto Rico, and of the 3,141 counties in the
United States, there were clinical specimens representing 79.5%. Around 14.8% of the sample
were from people who did not reside in a metropolitan area, which matches the distribution of
residents within United States. The frequency of testing was about every two weeks from July to
September. During this time period, 177,919 samples were tested. Within the group of people
providing samples, 58.3% were women, 15% were under 17 years of age, and 26.7% were 65
years or older.

The time of study was divided into four, two-week periods to evaluate the data, and period 1
corresponded to July 27 to August 13, period 2 was from August 10 to 27, period 3 was from
August 24 to September 10, and period 4 was September 7 to 24.

Over the full time period in all areas of the United States, fewer than 10% of
specimens had detectable SARS-CoV-2 antibodies, suggesting that there are still
a large number of vulnerable people susceptible to SARS-CoV-2 infection.

As might be expected, the prevalence varied by jurisdiction and the time period as different
areas of the country experienced different levels of transmission. There was no consistent,
overall difference in the proportion of men and women with antibodies when examined as a
whole. When looking at certain states, there were some areas that had higher proportions of
men or women. For example, lowa, Louisiana, and Mississippi had a higher seroprevalence for
women while the seroprevalence was higher for men in Maryland and Pennsylvania. There was
a higher number of individuals aged 18 to 49 years with antibodies compared to people aged 65
or older. The proportion of people infected who lived in rural or metropolitan areas was also not
consistent around the country. In lowa, Pennsylvania, and, Tennessee seroprevalence was
higher in metropolitan areas, but in Alabama and Mississippi, seroprevalence was higher in
nonmetropolitan counties.

Based on the results, the authors conclude that

o As of September, most people in the United States did not have evidence of previous
SARS-CoV-2 infection, which agrees with previous reports.

e The overall prevalence of SARS-CoV-2 is the highest in the Northeast most likely due to
the early outbreak in the New York City area.

¢ Not all areas with high levels of seroprevalence were located in urban or metropolitan
areas.

e Seroprevalence was lower in older adults compared with younger adults across nearly
all jurisdictions.

e The changes in overall seroprevalence over four collection periods that spanned 2
months were modest.
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