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A simple, common-sense, three-component procedure—the Carrier Separation Plan

(CSP)—can immediately halt the transmission of SARS-CoV-2 or a comparable

pathogen, allow the safe reopening of an entire economy without the need for social

distancing, and quickly eradicate the pathogen from the population (assuming the

pathogen can be killed by the immune systems of the carriers). The three components

are (a) nearly simultaneous self-testing for the pathogen by an entire population, followed

rapidly by (b) nearly simultaneous self-isolation of carriers, and (c) secondary screening

at entrances to facilities where people congregate. After a period of preparation lasting

roughly 5–10 weeks, these steps could and probably should be taken in a single day.

The power of this methodology has already been demonstrated in varying degrees

with groups ranging in size from 1,000 to 11 million. Although this plan might seem

daunting, its costs are minimal compared to the losses we have incurred by relying on

half measures, and the US and other countries have the technological, logistical, and

industrial capacities to implement this plan in a matter of weeks. With proper messaging

during the weeks leading up to the testing, compliance in such a program is likely to

be high given the potential benefits, and because participation is voluntary and testing

is noninvasive, the legal and ethical issues associated with such a program are minimal

– trivial, in fact, compared to those associated with imposing a months-long lockdown

on an entire population. A SIRD/CSP model suggests that the single-day testing and

separation procedure will substantially lower the number of infections, even if compliance

with the procedure is modest. Modeling also suggests that when long-term secondary

screening is added to the 1-day procedure, over time, the pathogen is eradicated from

the population. This can occur even when compliance with secondary screening is itself

relatively low.

Keywords: Carrier Separation Plan, COVID-19, SARS-CoV-2, National Testing Day, secondary screening,

coronavirus model

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.640009
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.640009&domain=pdf&date_stamp=2021-03-05
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:re@aibrt.org
https://doi.org/10.3389/fpubh.2021.640009
https://www.frontiersin.org/articles/10.3389/fpubh.2021.640009/full








Epstein et al. The Carrier Separation Plan

plan in July 2020, with so much at stake economically and
the COVID-19-related death toll steadily climbing toward the
200,000 mark in the US at that time (now rapidly approaching
500,000), the plan would likely have had strong bipartisan
support; it’s a plan that truly unites the country in a common
cause, after all. Regarding the compliance issue, in the US
the segment of the population that would normally resist
participating in a large-scale government-directed program—
the ardent anti-government faction—was the core of Trump’s
base of supporters. To them, Trump could do no wrong, so it’s
possible that they would have self-tested and self-isolated with
enthusiasm. Different countries will face different challenges in
implementing a population-wide testing plan, but that doesn’t
mean such challenges can’t be met.

THE POTENTIAL OF THIS METHODOLOGY

This methodology, properly implemented, has the potential to
halt transmission of a new pathogen while allowing essential
societal systems to remain open (or, if they have been shut
down, to reopen fully). When a pathogen can be defeated
by the immune systems of the carriers, this methodology

can also eradicate the pathogen from a population. When
treatment is ineffective or unavailable and the pathogen kills
its host, the pathogen itself is still destroyed. Even with
immunocompromising pathogens such as HIV, population-wide
self-testing and self-isolation can still halt transmission and allow
non-carriers to continue to lead normal lives without fear. This
methodology also reduces the likelihood that hospital systems
will be overwhelmed, both because it stops the spread of the
disease and because it helps to quantify the prevalence of the
pathogen. Finally, this methodology makes the need for a vaccine
less urgent, giving pharmaceutical companies additional time in
which to develop a safe and effective preventative.

MODIFYING A BASIC SIRD MODEL

We examined the likely dynamics of CSP with a modified
SIRD model using ordinary differential equations. Our model
is divided into three parts, each of which predicts the total
number of people infected per day in the US on the days
immediately following NTD. We will use September 15, 2020,
as the hypothetical day when NTD was implemented in the

FIGURE 3 | Daily number of Covid-19 cases in the US for five levels of CSP effectiveness on National Testing Day (NTD). Note the change in scale from Figure 2: The

highest peak in Figure 2 is over 340,000, whereas the highest peak in Figure 3 is under 160,000.
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US. Actual data and projections from September, 2020, through
January, 2021, were used to constrain model parameters.

Part 1 of the model shows what happens when increasingly
larger proportions of the population fail to comply with
plan directives and when the test device produces levels
of false negatives > 0. Part 2 shows what happens when
long-term secondary screening immediately follows NTD.
Part 3 examines what happens when secondary screening—
now renamed “institutional screening”—is employed without a
National Testing Day – in other words, without first attempting
to separate carriers from non-carriers nationwide.

Part 1: National Testing Day
Part 1 of the model suggests that CSP substantially lowers the
daily number of new cases even when compliance with the plan
is low and even when the test device has relatively low sensitivity.
This is because large-scale testing and separation quickly remove
a large number of carriers from the population.

The basic SIRD model relies on four parameters – S, (the
number of susceptible individuals in the population), I (number
of infected), R (number of recovered), and D (number of deaths)
(24, 25). We can express these variables as proportions of the

population at time t, where N is the total number of people in
the population:

s(t) = S(t)/N

i(t) = I(t)/N

r(t) = R(t)/N

d(t) = D(t)/N

Changes over time in these variables can be expressed as a system
of ordinary differential equations:

ds

dt
= −b ∗ s (t) ∗ i (t)

di

dt
= b ∗ s (t) ∗ i (t) − k ∗ i (t)

dr

dt
= k ∗ i (t) −m ∗ i(t)

dd

dt
= m ∗ i(t)

where b is the disease transmission rate, k is the recovery rate, and
m is the death rate.

FIGURE 4 | Daily number of Covid-19 cases in the US for five levels of CSP effectiveness on NTD, with secondary screening (SS) following NTD.
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FIGURE 5 | Institutional screening (IS) only, with three values of E.

CSP can be integrated into SIRD by modifying b, because
b influences the rate at which the infected and susceptible
populations grow and shrink. We accomplished this integration
by multiplying b by the failure rate of NTD, which is:

1− pst
∗psi

∗(1− pfn)

where pst is the proportion of the population that complies
with self-testing, psi is the proportion of carriers that
complies with self-isolation, and pfn is the proportion of
false negatives produced by the test device (so its complement is
device sensitivity).

We then modified the starting parameters of the model to
fit Institute for Health Metrics and Evaluation (IHME) records
and projections of the daily number of Covid-19 new infections
in the US beginning September 15, 20202. As of the date we
did the curve fitting (January 31, 2021), the IHME reported
that the number of new infections on September 15, 2020 was
approximately 100,000, and it predicted a peak in the number

2https://aibrt.org/downloads/IHME_COVID-19_projections_as_of_1-28-

2021-new_cases_per_day_9-15-2020_to_5-1-2021-covid19.healthdata.

orgSLASHunited-states-of-americaQviewEQinfections-testing&tabEQtrend&

testEQinfections.jpg

of new infections of ∼340,000 on December 23, 2020. Our full
mathematical model, fitted to IHME data, can be executed using
a downloadable R script3.

Figure 2 compares an approximation of the IHME data
(black curve) to curves showing three different levels of CSP
compliance on NTD. The purple curve shows low compliance
(30% compliance with self-testing, 30% compliance with self-
isolation, and a test-device false negative rate of 3%). The red
curve shows moderate compliance (75% compliance with self-
testing, 75% compliance with self-isolation, and a test-device false
negative rate of 3%). And the blue curve shows high compliance
(90% compliance with self-testing, 90% compliance with self-
isolation, and a test-device false negative rate of 2%).

All three levels of compliance show dramatic reductions in the
number of daily infections, and both the 75 and 90% compliance
levels avoid the increase in cases evident in the other curves. This
is because when compliance is high, so many carriers have been
removed from the general population that the recovery rate now
greatly exceeds the transmission rate. As noted earlier, in the ideal
case, with 100% compliance on NTD and a device with 100%

3https://aibrt.org/downloads/EPSTEIN_et_al-SIRD-CSP_model-new_cases-31_

Jan_2021_rev.R
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sensitivity, transmission stops completely. Figure 3 compares
five nonoptimal levels of CSP effectiveness on NTD. Note that
in the lower three curves (describing, respectively, compliance
levels of 75, 85, and 95%), the number of people infected begins
to decrease immediately following NTD; the usual increase in
infections is absent.

Part 2: National Testing Day With
Secondary Screening
Part 2 of the model suggests that secondary screening has the
potential, over time, to eradicate the virus from the population,
even when compliance with NTD directives is relatively low.
Here we further modify b by multiplying it times E (0 ≤ E ≤ 1),
the effectiveness of secondary screening, which we define as the
product of pss, the proportion of the population that is tested
each day at the entrances to schools, churches, and businesses,
and (1− pfn), the sensitivity of the testing device. Thus, b is now

multiplied by a factor for NTD and by a factor for secondary
screening, as follows:

(1 − pst ∗ psi ∗ (1 − pfn)) ∗ (1− E)

Figure 4 shows the same compliance levels as Figure 3, but this
time with secondary screening, which flattens the curves. Even
when compliance on both NTD and secondary screening are
low, the number of infections begins to decrease immediately
after NTD.

Part 3: Institutional Screening Only
The apparent power of long-term secondary screening suggested
in the above model raises an interesting question: Could
a pathogen such as SARS-CoV-2 be defeated simply by
distributing millions of test devices to places where people
congregate and then encouraging the proprietors to test
people before they enter and to send carriers home? In
other words, could we scrap NTD and still eradicate a
dangerous pathogen with a simple, large-scale institutional
screening program?

We modeled this option by omitting the NTD factor in
the calculations. Figure 5 shows three outcomes with E varying
from 0.1 to 0.3. Needless to say, a value of 0.3, signifying
that roughly a third of the population is tested every day
at entrances to churches, schools, and businesses, is highly

FIGURE 6 | Institutional screening only, vs. NTD plus secondary screening (SS).
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unrealistic. What’s interesting here is that even low compliance
(E = 0.1) with institutional screening eventually reduces the
number of infections, although the process is slow (Figure 5,
purple curve).

Given the simplicity of institutional screening, it might
seem appealing as an intervention, but our analysis suggests
that NTD plus secondary screening is superior to institutional
screening in three ways: as a way of quickly and safely reopening
the entire economy, as a means of saving lives, and as a
means of eradicating the pathogen. In Figure 6, the number
of daily cases generated by institutional screening given the
unlikely scenario in which roughly a fifth of the population
is tested daily is compared to moderate CSP compliance on
NTD with a relatively inaccurate test device and low secondary
screening compliance. The difference between the two curves is
dramatic, with far more damage being done by an aggressive
and probably unrealistic institutional screening program than
by an easily achievable NTD scenario. With higher compliance
on NTD, the difference between the two alternatives would
be even greater. The relatively poor outcome of institutional
screening alone reminds us, once again, that spreading out
testing over time is a poor strategy for beating the virus,
because it guarantees that large numbers of carriers—many of
whom are asymptomatic—will continue to interact with non-
carriers.

We conclude that the full three-step Carrier Separation Plan
is more beneficial than institutional screening alone. It reduces
sickness and death to a minimum, and it allows for the full and
immediate reopening of society with little or no need for masks
or social distancing.
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