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Rapid Surface Testing with the COV-Hygien Express Kit to Control the
Spread of COVID-19

SUMMARY

The current COVID-19 pandemic is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which can spread directly through contact with an infected individual or indirectly
by touching a surface contaminated by an infected individual. The COV-Hygien Express kit was
designed to help mitigate the risk of spreading the virus by detecting and monitoring SARS-CoV-2
contamination of environmental surfaces. Because our kit uses test strips and a premixed buffer
solution to test for surface contamination, it can be performed on-site by any user, with no need
for specialized training or equipment, facilitating the frequent testing and rapid results that are
key to effective COVID-19 surveillance (Larremore et al. 2020).

The kit is based on detection of the SARS-CoV-2 nucleocapsid (N) protein, which is thought to be
one of the most abundant and immunogenic proteins expressed by the virus based on similarity
with SARS-CoV-1 (He et al. 2004, Leung et al. 2004). The limit of detection (LOD) for the COV-
Hygien Express kit is 0.25 ng/mL for the N protein and 5 x 103 pfu/mL for the virus itself.
Detection of the SARS-CoV-2 N protein does not necessarily indicate the presence of live virus, as
the protein can exist in damaged or noninfectious viral particles. Studies have shown that viral
concentrations in samples taken from the lower and upper respiratory tract at different points
during infection can range from 1 x 104 copies of the viral genome per mL (Pan et al. 2020) to as
high as 7 x 108 copies per throat swab (Wolfel et al. 2020), suggesting that the COV-Hygien
Express kit may be sensitive enough to detect viral titers lower than those deposited on surfaces
contaminated by infected individuals.

Importantly, droplets and aerosols generated by sneezing, coughing, and even speaking can
transmit high titers of SARS-CoV-2 to environmental surfaces. A recent modeling study calculated
that approximately one-third of all respiratory droplets produced by an infected individual
contain at least one viral particle (Stadnytskyi et al. 2020), and simulation has shown that
droplets and aerosols can be propelled up to 8 m (Bourouiba 2020), thereby potentially
contaminating surfaces within a wide radius of a patient with COVID-19. Once introduced to the
environment, SARS-CoV-2 can survive for hours to days, depending on the surface. Hard, smooth
surfaces are particularly prone to retaining live virus over a long period of time, with one study
reporting recovery of SARS-CoV-2 from plastic and stainless steel 72 hours after exposure to
aerosol (van Doremalen, et al. 2020), and another study finding that SARS-CoV-2 persisted on
stainless steel and plastic for up to 7 days (Chin et al. 2020). The swabs provided with the COV-
Hygien Express kit reliably recover approximately 50% of SARS-CoV-2 particles on surfaces such
as hard plastic, metal, or glass when they are used correctly. Thus, the COV-Hygien Express kit
can be used to quickly and easily check for the presence of SARS-CoV-2 on environmental
surfaces hours to days after they were contaminated by an infected individual.

In summary, the COV-Hygien Express kit detects low concentrations of the SARS-CoV-2 N protein
that may correspond to clinically relevant viral titers. The user-friendly test format can be easily
implemented to monitor surfaces for SARS-CoV-2 contamination and help reduce the risk of
spreading the disease. When used appropriately, the COV-Hygien Express kit identifies realistic
levels of potentially threatening viral contamination on surfaces, and is a helpful tool for risk
prevention.



Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the virus responsible for the
current COVID-19 pandemic. The virus spreads between individuals either directly through
contact with an infected individual’s saliva or respiratory excretions, or indirectly by touching a
surface contaminated by an infected individual. It is therefore important to monitor surfaces in
public areas to mitigate the risk of spreading the virus through contaminated surfaces.

The COV-Hygien Express kit was designed to help detect and monitor SARS-CoV-2 contamination
of environmental surfaces using a simple antibody-based technology that can be performed by
anyone, with no need for special training or equipment, to enable you to quickly and easily
check surfaces for contamination.

The SARS-CoV-2 virus nucleocapsid (N) protein

SARS-CoV-2 is closely related to SARS-CoV-1, which caused an outbreak of respiratory disease
originating in China in 2002. SARS-CoV-2 is an enveloped, single-stranded, positive-sense RNA
virus, which means that its genome is composed of RNA (instead of DNA, like in humans), and
that each viral particle is surrounded by a membrane (or ‘envelope’) composed of lipids. SARS-
CoV-2 expresses four main proteins: the spike (S) protein, membrane (M) protein, and envelope
(E) protein, which are exposed on the surface of the viral envelope, and the nucleocapsid (N)
protein, which binds closely to the viral genome contained within the viral envelope (Schoeman
et al. 2019).
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The COV-Hygien Express kit was designed to detect the presence of the SARS-CoV-2 N protein in
environmental samples. The N protein is the most abundant protein in SARS-CoV-1 (He et al.
2004), and a structural analysis estimated that each SARS-CoV-1 particle contains approximately
730 to 2200 copies of N (Neuman 2011). Given the similarities between the two viruses, it is
likely that N is also expressed at high levels in SARS-CoV-2. In addition, a study of patients
infected with SARS-CoV-1 showed that the N protein was the most immunogenic protein,
meaning that the body recognized and mounted an immune response to this protein more
strongly than to other viral proteins, suggesting that N is a strong indicator of the presence of



virus (Leung et al. 2004). Due to the high abundance and immunogenicity of N during infection,
researchers have suggested designing vaccines (Dutta et al. 2008) and diagnostic tools (Lee et al.
2008) based on this protein. Furthermore, the SARS-CoV-1 N protein has been proposed as an
early diagnostic marker for infection based on its high abundance and strong immunogenicity
(Che et al. 2004). While much of our knowledge of the N protein is based on SARS-CoV-1, a
recent study showed that screening for an immune response to the SARS-CoV-2 N protein
effectively identified patients with COVID-19 infection (Guo et al. 2020), suggesting that N is also
a reliable and appropriate marker for SARS-CoV-2.

How the COV-Hygien Express kit works

The kit is based on lateral flow technology, which involves dipping a paper test strip into a liquid
test sample and reading the results based on a color change on the strip (much like a pregnancy
test). To use the kit, the surface to be tested is rubbed gently with a premoistened swab, which is
then wrung out in the test tube provided with the kit, thereby transferring any virus or viral
proteins from the surface into the liquid buffer in the test tube. The test strip is then placed in
the test tube, at which point the liquid travels up the strip due to capillary action, crossing two
lines of antibodies embedded in the strip. One of these lines serves as a control to confirm that
the test was performed correctly, and the other line contains antibodies specific to the SARS-
CoV-2 N protein. If this second line turns color, this indicates that the sample contains the viral
protein.
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[Figure 2: depiction of how the strip works]

Unlike other SARS-CoV-2 tests based on quantitative real-time polymerase chain reaction that
detect the viral genome and require specialized training and equipment to perform, the COV-
Hygien Express kit, which detects a viral protein, can be performed quickly and easily by an
untrained user. This means that the test can be carried out on-site, and the results are available
within 30 to 60 minutes. This is particularly important given that a recent, non—peer-reviewed



modeling study demonstrated that frequent testing with rapid results is key to effective
COVID-19 surveillance (Larremore et al. 2020).

COV-Hygien Express kit detection capabilities

The COV-Hygien Express kit has a limit of detection (LOD) of 0.25 ng/mL for recombinant SARS-
CoV-2 N protein and 5 x 103 pfu/mL for the virus itself, as determined by the Public Health
Agency of Sweden (Folkhdlsomyndigheten, Stockholm) (‘pfu’ stands for ‘plaque-forming units’,
which is a way of estimating the number of infectious viral particles in a sample). Because these
values were determined under laboratory conditions, they may differ somewhat from
performance in the real world, as the protein LOD results can vary based on how the
recombinant protein was produced and stored, while the virus LOD results can vary depending
on how the virus was grown and processed for use in the test assays. In addition, detection of
the SARS-CoV-2 N protein does not necessarily indicate the presence of live virus, as the protein
can exist in dead, damaged and/or noninfectious viral particles.

Regarding the relevance of the LOD to actual viral concentrations on contaminated surfaces,
several recent studies have investigated the number of viral particles present in patients infected
with SARS-CoV-2. A study of nine patients from a hospital in Munich reported viral
concentrations of 7.11 x 108 RNA copies per throat swab on the fourth day of infection (Wdlfel et
al. 2020). Furthermore, two patients evaluated in Beijing were found to have 104 to 107 copies of
the viral genome per mL in throat swab and sputum samples at the peak of infection (Pan et al.
2020), and an additional 80 patients investigated in this study exhibited viral loads >1 x 106
copies per mL shortly after the onset of symptoms (Pan et al. 2020). The first two patients in
Korea, who had mild to moderate infections, had viral loads of approximately 5 x 104 and 4.6 x
107 copies/mL in the upper respiratory tract and 4 x 105 and 9 x 106 copies/mL in the lower
respiratory tract early in the course of infection (Kim et al. 2020). SARS-CoV-2 is also present in
the saliva (To et al. 2020), although it is unclear how levels in the saliva correspond to levels in
the sinuses and lungs, with one study reporting equivalent levels (Iwaskai et al. 2020) and other,
non—peer-reviewed studies reporting higher (Wyllie et al. 2020) or lower (Becker et al. 2020)
levels in the saliva compared to nasopharyngeal swabs. Thus, the COV-Hygien Express kit LOD
may be sensitive enough to detect the high titers of SARS-CoV-2 carried by infected individuals.

SARS-CoV-2 survival on environmental surfaces

SARS-CoV-2 can be spread by sneezing, coughing, speaking, singing, and any other activity that
introduces viral particles from the throat and upper respiratory tract into the air by generating
droplets and aerosols. Droplets, being larger, are also heavier, and tend to fall out of the air,
potentially contaminating surfaces close to the source of the cough or sneeze; while aerosols
stay in the air longer and can thus transmit live virus over larger distances. Indeed, a recent
simulation study showed that strong exhalations can create a cloud of droplets and aerosols
extending up to 8 m from the source (Bourouiba 2020). Furthermore, two recent modeling
studies calculated that each large (50-um-diameter) droplet has an approximately 37% chance of
containing at least one viral particle (Stadnytskyi et al. 2020), and that breathing and coughing
can contaminate the air with 0.0000049 and 0.277 copies/cm3, respectively (Riediker et al.
2020), suggesting that high titers of SARS-CoV-2 can be transmitted to environmental surfaces
from infected individuals.

SARS-CoV-2 on surfaces, whether deposited by coughing, sneezing, or other aerosol- and
droplet-generating activities, can persist for hours to days, depending on the surface. A recent
study generated aerosols mimicking the concentrations of SARS-CoV-2 found in patients’
respiratory tracts and found that the aerosols persisted in the air for over 3 hours (van
Doremalen et al. 2020). Furthermore, while no virus could be detected on copper surfaces after
4 hours or on cardboard after 24 hours, SARS-CoV-2 was still detectable on plastic and stainless



steel 72 hours after these surfaces were exposed to the aerosol (van Doremalen, et al. 2020).
Another study found that, under normal environmental conditions, SARS-CoV-2 applied directly
to glass could still be detected 4 days later, and that in the case of stainless steel and plastic the
virus was detectable for up to 7 days (Chin et al. 2020). Thus, virus shed by infected individuals
can survive on various surfaces for hours to days after the initial exposure, presenting a risk of
infection to anyone who subsequently comes into contact with those surfaces.

[Figure 3: sneeze cloud]

The COV-Hygien Express kit is most suitable for sampling smooth surfaces such as hard plastic,
metal, or glass, on which SARS-CoV-2 survives for an extended period of time. It is more difficult
to recover virus from surfaces that are soft, rough, or porous, such as unfinished wood or soft
smartphone covers, so the test is not recommended for these applications. In addition, the
ability of the test to detect SARS-CoV-2 is affected by the amount of virus recovered by the swab
and transferred to the test tube. In our tests, we have found that approximately 50% of the virus
deposited on surfaces is picked up by the swab and effectively transferred to the tube. It is
therefore important to follow the sampling instructions closely, swabbing the recommended
surface size in the manner described, to ensure obtaining the most accurate results.

Conclusions

In conclusion, monitoring surfaces for SARS-CoV-2 contamination is important for reducing the
risk of spread of the disease. Virus shed through sneezing, coughing, or speaking, or through
contact with surfaces contaminated by an infected person, has the potential to infect others
through contact with the same surfaces. The COV-Hygien Express kit is capable of detecting small
numbers of the SARS-CoV-2 N protein that may correspond to clinically relevant viral titers based
on current estimates of viral content in the respiratory tract and saliva, as well as the amount of
virus transferred in aerosols or respiratory droplets, suggesting that the test is sensitive enough
to be useful in risk prevention. Given the variation in test sensitivity based on surface type and
texture, it is recommended to verify that the kit is suitable for a specific application. When used
correctly, the COV-Hygien Express kit may be capable of detecting realistic levels of potentially
threatening viral contamination on surfaces, and is a useful tool for identifying contaminated
surfaces that can be disinfected to help prevent future infections.
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