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a b s t r a c t 

As countries globally are in the process of planning, introducing or implementing mass vaccination strategies while continuing to deal with the ongoing SARS-CoV-2 
pandemic, an evolution in testing strategies may be required to minimize spread in mixed vaccinated and non-vaccinated populations. This mini-review explores 
the key public health questions associated with the widely varying efficacy of commercially available vaccines and their persistence of protection in the context of a 
growing number of variant virus strains. A new strategy for SARS-CoV-2 testing that accommodates the current and evolving pandemic paradigm is proposed. 

1

 

a  

n  

r  

t  

T  

o  

c  

t
 

t  

t  

g  

a  

r  

t
 

m  

t

(  

 

(
(  

 

 

h  

r  

a  

l  

t

2

 

s  

g  

i  

w  

h  

p  

m  

a  

s  

r  

c  

n  

t  

b  

t  

t  

a  

w
 

v  

r  

p  

w  

S  

s  

p  

e  

h
R
2
(

. Introduction 

Covid-19 has led to the rapid innovation and commercialization of
 myriad of tests for early detection of SARS-CoV-2 [1–4] . Unfortu-
ately, there has been little vetting of their efficacy and accuracy with
eal world samples in rigorous clinical trials due to the urgent popula-
ion testing requirements to minimize transmission and spread [5–8] .
hus, the government and private clinical diagnostics sectors have been
bliged to filter through the flood of available commercial assays and
reate in house strategies to vet, choose and adopt individual approaches
o SARS-CoV-2 population testing without global standards [8] . 

In the rush to contain the spread of infection through testing, mis-
akes have been made with the adoption of rapid blood and/or saliva
ests with such poor accuracy that they were discarded costing some
overnments millions of dollars [9–11] . There has also been concern
round the cutoff cycle for many qPCR molecular tests that may have
esulted in a large number of false positive results upending the lives of
hose individuals requiring quarantine [12,13] . 

The mass production and distribution of vaccines from multiple com-
ercial suppliers has raised further questions and concerns pertaining

o testing: 

1) Since different commercial vaccines have widely different SARS-
CoV-2 strain-dependent efficacies ranging from 10% to 95% [14–
16] , how is protection assured post-vaccination in the context of cir-
culating wild type and variant strains? 

2) How long does immunity persist after administration of vaccines? 
3) What tests are relevant and provide the most actionable information

in populations of mixed vaccinated and non-vaccinated individuals?

The rate of data produced and published pertaining to SARS-CoV-2
as eclipsed most other fields of study since the onset of the pandemic
equiring almost daily literature reviews to filter the solid articles that
re advancing the field [17–19] . There is now strong evidence corre-
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ated from multiple peer-reviewed articles in solid journals to answer
he above questions. 

. How is protection assured post-vaccination? 

All vaccines are designed to elicit an immune response to either the
pike protein of SARS-CoV-2 or the attenuated virus [14,15,20] . The
oal being to train the immune system to engage the virus with a robust
mmune response with front-line, neutralizing antibodies (nAb’s) along
ith T and B cells. Neutralizing antibody (nAb) levels post-vaccination
ave been shown to be highly predictive of vaccine efficacy and immune
rotection from symptomatic SARS-CoV-2 infection [21–23] . Further-
ore, their early presence within 14 days of infection has been neg-

tively correlated to COVID-19 morbidity [24] . However, two recent
tudies demonstrated that 30% of elderly people over 80 years of age
eceiving the Biontech/Pfizer BNT162b2 vaccine and 71.5% of immuno-
ompromised patients receiving the mRNA-1273 (Moderna) vaccine did
ot elicit a measurable nAb response [25,26] . Also, the level of protec-
ion from infection by the native SARS-CoV-2 and emerging variants has
een shown to differ greatly between the vaccines [14,15] . Fortunately,
here is a growing body of evidence correlating a strong vaccine or infec-
ion induced nAb response to immunity from the SARS-CoV-2 wild type
nd variant forms of the virus [21,27–36] . Taken together, these data
arrant the measurement of neutralizing antibodies post-vaccination. 

Although a global consensus relating neutralizing antibody titers to
accine efficacy and protection has not yet been reached, some very
ecent articles support this premise. Of note, the Gilbert et al. pre-print
aper demonstrates that vaccine efficacy drops precipitously below 90%
hen neutralizing antibody titers are below 100 WHO International
tandard (IS) Units/mL [22] . The Feng et al. Nature Medicine article
hows that neutralizing antibody titers below about 200 WHO IS Units
er mL equates to vaccine efficacy below 80% [23] . Finally, the Khoury
t al. Nature Medicine article supports only 50% protection from vac-
tober 2021 
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Table 1 

Correlation between Neutralizing Antibody Titer, Vaccine Efficacy and 
cPass surrogate virus neutralization test (sVNT) (cPass sVNT)% Neutral- 
ization. 

Titer (IU/ml) 

% Efficacy 
(AstraZeneca) 
[23] 

% Efficacy 
(Moderna) 
[22] 

cPass sVNT[2]% 

Neutralization at a 1:20 
Sample Dilution Factor 

< 100 < 70 < 90 30 to < 60 
100–300 ∼70- < 90 ∼90- < 93 ∼60 to ∼90 
> 300 > 80 > 93 > 90 

Note: These cut-offs have been interpreted from the above-mentioned arti- 
cles and have not been Authorized by the US Food and Drug Administra- 
tion. 
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ines when neutralizing antibody titers are approximately 54 WHO IS
nits per mL. These articles represent some of the first published ev-

dence supporting a neutralizing antibody titer-based dependence on
accine efficacy and protection summarized in Table 1 . 

Many commercial manufacturers of serology assays have therefore
esponded by supplying tests that measure non-functional, binding im-
unoglobulins (typically IgG’s) to spike protein and/or its receptor

inding domain (RBD) which are the primary target for nAbs [2,3,37] .
owever, it has recently been shown that only a fraction of these IgG’s
re in fact neutralizing [38] . Also, the total IgG immune response to
pike protein or RBD from vaccinated individuals does not correlate as
lose to vaccine efficacy as nAbs [26,39,40] underlining the requirement
o specifically measure nAb levels. 

The current, gold standard, neutralization antibody tests require live
ells and either live SARS-CoV-2 virus or a less dangerous pseudovirus
41–43] . In either case, these tests require days to complete and an el-
vated biosecurity level laboratory (BSL 3) (when working with live
ARS-CoV-2). Therefore, these live virus/cell neutralization tests are ex-
ensive, dangerous and low throughput so not amenable to large popu-
ation testing. A recent high-throughput, ELISA-based test termed cPass
urrogate virus neutralization test (sVNT) (cPass sVNT) [2,44] has been
esigned, commercialized and EUA authorized by FDA to specifically
ig. 1. cPass Design and Description. A. cPass Design. The test consists of purified RBD-H
green) which form a strong complex. When mixed with a sample containing protei
nd hACE2 receptor, a low OD450 will be measured after incubation with TMB and 
BD-HRP solution with incubation for 30 min at 37 °C to permit binding of compone

he RBD-hACE2 interaction after a 15 min incubation at 37 °C (bottom four wells) 
ncubation with TMB for 15 min at 37 °C followed by stop solution. If the sample d
0 min and inhibit the interaction with hACE (top four wells) giving a light yellow o
 Fig. 1: is from our recently published, open access article (Taylor, S. C. et al. A New S
eutralizing Antibody Response Detection. J Clin Microbiol, doi:10.1128/jcm.02438

2 
etect nAbs at much lower cost, and with highly correlating data to the
ive cell/virus assays ( Fig. 1 ) [2,33,37,44–47] . 

. The choice between molecular (qPCR) and neutralizing 

ntibody (nAb) tests 

Molecular (qPCR) testing has been used exclusively for early de-
ection (within one to two weeks of SARS-CoV-2 infection) where the
esults represent a snapshot of infection status at the time of testing
hereby negatively tested individuals could acquire the virus imme-
iately after their qPCR test [48,49] . In contrast, cPass measures the
ersistent, functional immune response to infection whereby nAb lev-
ls have generally been shown to increase rapidly post-vaccination or
nfction and then decline over a period of several months [50–55] . 

The prevailing data from animal models indicates that although vac-
inated individuals will elicit nAbs with protection from infection and
ropagation of SARS-CoV-2, they may still be carriers of the virus that
ould give a positive result with qPCR [56–60] . These seemingly con-

radictory data underline the nature of viral infection and immunity
hereby that although the virus can enter the nasal passages and lungs

giving a positive PCR test), the trained immune system is effectively
locking it’s cellular entry, preventing replication and rendering in-
ection inert. Thus, a strong positive nAb result may be the only re-
uirement to substantiate a robust immune response whereby protec-
ion as has been shown in both human and animal studies for SARS-
oV-2 and other viral infections [28,32,56–63] . Hence, in a SARS-CoV-
 post-vaccination era with mixed populations of vaccinated and non-
accinated individuals, qPCR testing could be reserved for those who
ave not been vaccinated or infected/recovered (ie: do not have circu-
ating nAbs) to diagnose early infection. Also, for those who exhibit no
r low nAb response post SARS-CoV-2 infection or vaccination, qPCR
ould be an appropriate secondary test to assess early infection. 

. Persistence of protection from vaccination 

A major question associated with the mass vaccination efforts glob-
lly is the duration of protection [32,55,64] . Longitudinal human stud-
RP conjugate (brown) in solution and ELISA plates coated with hACE2 receptor 
ns, small molecules or antibodies that block the interaction between the RBD 

stop solution. B. Performing cPass. Sample dilutions are initially mixed with the 
nts to the RBD. If the sample does not contain constituents that bind and block 
the RBD-HRP will bind to the hACE2-coated wells giving a yellow color after 
oes contain blocking constituents, they will bind to the RBD during the initial 
r clear color after addition of stop solution. 
ARS CoV-2 Dual Purpose Serology Test: Highly Accurate Infection Tracing and 

–20 (2021)) [2] . 
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Fig. 1. Continued 
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es detecting both total IgG as well as neutralizing-specific antibodies
upport a gradual decline in their levels over time and animal studies
ave shown a direct correlation to neutralizing antibody levels and sus-
eptibility to SARS-CoV-2 reinfection [32,39,40,50–53,56–58,60,63] .
lthough these data have not yet been fully verified in humans, some re-
ent work strongly supports neutralizing antibody titers as a protective
orrelate to SARS-CoV-2 infection that can be used as potential measur-
ble molecular determinants that trigger the requirement for a booster
hot [21–23] . The recently initiated human challenge studies should
ubstantiate the current body of data [65,66] . nAbs will likely play a
ole and can be measured semi-quantitatively to investigate the correla-
ion of their levels with protection post-SARS-CoV-2 infection/recovery
nd/or post-vaccination [55] . Therefore, to mitigate continued pan-
emic waves of infection globally, the periodic measurement of nAb
iter levels may reveal a minimal titer required for protection that would
rigger the need for booster vaccinations. 

. Conclusion 

SARS-CoV-2 pandemic control continues to be a challenge globally
nd is further complicated by the distribution of different vaccines with
arying efficacies towards the variant strains [14–16] . The question
round the longevity of immunity post-vaccination remains unanswered
ut the periodic measurement of nAb titers may give a good indication.
o minimize the potential for future outbreaks, a revised testing strategy
o assure initial and continued protection post-vaccination will likely be
equired. This could include a combination of qPCR (for non-vaccinated
nd susceptible people) and nAb (for previously infected and vaccinated
eople) assays. cPass sVNT could be a useful tool for substantiating in-
ividual immunity in a SARS-CoV-2 post-vaccination era. 

. Regulatory status 

The cPass SARS-CoV-2 Neutralization Antibody Test is CE Marked
or diagnostic use in European Union and authorized for emergency use
nly (EUA) by Health Sciences Authority in Singapore and the US Food
nd Drug Administration (FDA) for qualitative delineation between pos-
tive and negative patient samples. The semi-quantitative cPass sVNT
UA by FDA is pending. The semi-quantitative and automation cPass
VNT protocols have not yet been authorized by FDA, European Union
r Singapore and are currently Research Use Only. Brazil’s National
ealth Surveillance Agency (ANVISA) (Agência Nacional de Vigilância
3 
anitária) has authorized the use of the cPass SARS-CoV-2 Neutraliza-
ion Antibody Detection Kit for both qualitative and semi-quantitative
etection of neutralizing antibodies. 
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