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Abstract

More than 200 countries have been devastated by the SARS-CoV-2 pandemic. The health workers
exposed to SARS patients have been confirmed to be infected with coronavirus (SARS-CoV-2), regardless of
the degree of their exposure. The increasing complexity of virus existence and heterogeneity has cast doubt
on disinfectants as a viable choice. Hence, the present systematic review aims to achieve the comparative
analysis of established disinfectants against enveloped and non-enveloped viruses including SARS-CoV and
MERS-CoV. Three databases (Pubmed, Google scholar, and Medline) were searched to frame the systematic
review. Our comparative analyses with 34 studies have found that 85% ethanol-based hand sanitizers and
7.5% Povidine lodine based soaps/surgical scrub could be used to deter the SARS-CoV-2 virus as preferred
hand sanitizers. For surface eradication, 0.5% sodium hypochlorite or a mixture of glutaraldehyde, Quaternary
Ammonium Compounds (QAC), and isopropanol could have more efficacies as compared to hydrogen
peroxide, phenol, and QAC alone. Moreover, the accelerated hydrogen peroxide as an active ingredient in
the automatic quick surface disinfectant (tunnel system), maybe a positive indication for quick whole-body
sanitation. Additionally, the alternative method for avoiding the rapidly increasing chain of infection with SARS
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and restarting regular life has been exclusively discussed.

Introduction

The elementary structural composition of viruses consists
of a genetic material (DNA or RNA), which might further vary
as single-stranded or double-stranded. The second crucial
component is the protective protein shell called the capsid,
which guards the nuclear material against lytic degradation.
This cluster of two components is called a virion. An auxiliary
layer of the lipid membrane, derived from host cell membranes
can be found on certain viruses which provide yet other
consortia for the structural proteins that oblige to virus’s
pathogenicity such as Spike and membrane glycoproteins
[1]. The evolution of envelope glycoproteins has proven to
increase the degree of infection severity, by mediating the
cell-host membrane attachment and fusion for deadly viruses
such as HIV-1, Gp2 Ebola, Influenza virus and Coronaviruses
(SARS-CoV-1&2) [2]. The increasing structural complexity and
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variability of the virus have always challenged the choice of
disinfecting agents. The troubling element about the viruses is
that the closely related viruses show diverse susceptibility to
the same class of disinfectants [3-6]. However, the frequently
used chemical agents have shown a high affinity for the lipid-
coated viruses compare to non-enveloped viruses, owing to
their lipophilicity [4]. A great deal of dynamic equilibrium
reaction goes into the dissolution of the viral structure
upon the disinfectant treatment, which often causes an
abrupt reversible multiplicity reactivation clumping of viral
components that might retain the ability to infect in the
disintegrated state [6]. Hence, an ideal preparation of an anti-
virucidal agent should be based on a manifold of consideration
from different scientific domains. Over 200 nations were
affected by the severe acute respiratory syndrome (SARS-
CoV-2) pandemic. It has been estimated that healthcare staff
exposed to SARS patients may be contaminated with SARS
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coronavirus (SARS-CoV-2), irrespective of the exposure level
[7]- A case-control study emphasized that wearing a face
mask is the most effective method for preventing infections,
followed by proper hand hygiene and surface sanitation [8].
Hands may be contaminated by patient secretions or contact
with contaminated surfaces. SARS-CoV-2 has been reported to
persiston surfaces for up to 96 hrs. In another prediction, dried
SARS-CoV-2 sustained its viral load for six days, suggesting an
exceptionally strong ability to survive. Only after nine days in
a dry state does SARS-CoV-2 lose its infectivity [9].

The present systematic review is hypothesized to compare
and analyze among the existing disinfectant action against
enveloped and non-enveloped viruses including SARS-
CoV, MERS-CoV, MHV (a potential surrogate for SARS-CoV)
and canine coronavirus (CCV). The exclusive emphasis is
on the efficiency of hand sanitizer’s action and which is as
follows: Alcohol, Iodine + Povidine, Chlorohexidine, Soaps
and Povidine iodine-based soap/surgical scrub; and surface
disinfectant: Hydrogen peroxide, Phenol, sodium hypochlorite,
and Quaternary Ammonium Compounds. Further, there have
been disscussion of alternative methods which might help in
stopping further spread of infection with SARS-CoV-2.

Methodology

PubMed, Medline, and Google scholar databases were
searched till August 27, 2020, for relevent studies. The

following keywords were used, COVID-19 or novel corona
AND disinfectant or alcohol-based hand sanitizers; enveloped
virus and disinfectant and COVID-19 and disinfectant. Article
extraction and duplicate removal was done using EndNote™
X8.1and MS-Excel. Detailsare given in PRISMA chart (Figure 1).
Enveloped virucidal and non-enveloped viruses based
research article was mainly preferred for inclusion criteria
and analysis purposes. Although, Reviews, systemic reviews,
and meta-analysis were screened precisely for relevant
material but not preferred for comparisons.

Routinely used hand sanitizers

Ethanol: Alcohol-based hand sanitizers (ABHS) are shown
to have high efficacy in terms of virucidal activity. It may be
used alone or in combination with other virucidal agents.
Several studies have been performed to evaluate the efficacy
of the gradient concentration of alcohol against viruses [10].
It has been reported that 80% of ethanol is effective against
most of the enveloped and non-enveloped viruses [10], even
the same concentration of alcohol is recommended by WHO
for local production of alcohol-based disinfectant during
infectious disease outbreak. Moreover, another study has been
exclusively performed for SARS- CoV with three gradients
percentage of ethanol (80%, 85%, and 95%), which reported
85% ethanol had a similar reduction, with no significant
difference in reduction factor (log, ) between 85% ethanol
and 95% ethanol [11]. In contrast to this report, a combination

Cowvid 1% or novel corona Enveloped vims and ICovid 19 and disinfectant
AND disinfectant or alcohol disinfectant (n=13)
based hand sanifizers (n=233)
(n=232)

.

After the elimination of repeated title
(n=320)
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Figure 1: PRISMA chart showing the selection of studies for systematic review.
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of ethanol with other virucidal agents is shown to increase the
potency of the ethanol even at a lower concentration. Three
independent studies demonstrated different combinations
ABHS. To make a convenient comparison, enumerations
are assigned as Combinations 1, 2, and 3 (Tables 1,2).
Combination 1: applying 61% of Ethanol and 1%
Chlorohexidine combination had a significant increase in log,
value in bacterial CFU reduction [12]. Combination 2:78%
alcohol with Povidine-lodine (3.2%) demonstrated excellent
virucidal efficacy against the Ebola virus even at 15-second of
application in-vitro experiments [13]. Combination 3: ethanol
69.39% w/w,2-propanol 3.69 % w/w, citric acid 2%and urea
2% was found capable of inactivating all enveloped and non-
enveloped viruses at an exposure time of the 60S [14].

Iodine + Povidine: Povidine-iodine (PVP-I) comes under
broad-spectrum antimicrobial agents. PVP-1 has well known
general antimicrobial activity, especially when considering
resistant organisms [15]. Recent studies reported the use of
7.5% of PVP-I as a hand washing agent which significantly
reduced enveloped virus load by 5 log,, reduction factor
within 15 s [15,16]. In contrast to this, a case study evidenced
respiratory distress due to aspiration of Povidine- iodine
solution [17].

Chlorohexidine: Chlorohexidine is used as standard
and conventional perioperative hand sanitizers alone and
in combination with alcohol [13,18]. However, it is effective
againstbacteria like E. coli by reducing the colony-forming unit
(CFU) by 4 log, ,whereas it is effective against the enveloped
virus but is not significantly reliable [16].

Soap and scrubs: Soaps are salts of fatty acid and
potassium hydroxide (KOH). It has amphoteric properties
and acts as a surfactant. Amphoteric properties involved
in the inactivation of the virus by dissolving its lipid layer.
Composition of Potassium oleate (C18:1), sodium laureth
sulfate (LES) and sodium lauryl sulfate (SDS) has been
reported to inactivate the enveloped virus (Influenza) [18].
Viral structure inactivation potential of potassium oleate soap
is dependent on the positive surface charge present on the
virus lipid layer [18]. Povidine iodine-based soap/surgical
scrubs have significantly reduced viral load marginally as
compared to normal soap [15].

The surface disinfectant used in house and hospital for
cleaning purposes

Hydrogen peroxide: Hydrogen peroxide is considered to
be a highly potent oxidizing agent that commonly acts against
a wide range of micro-organisms including viruses and spore-
forming organisms [19]. Hydroxyl-free radicals are a highly
reactive product of hydrogen peroxide (H,0,), which plays a
vital role in altering the associated proteins, lipids, and nucleic
acid of viruses and bacteria and consequently inhibition of the
infection and replication process of the viruses [20]. Micro-
biocide action of 7% hydrogen peroxide has been shown
to be effective against spores (6 hrs.), mycobacteria (20
minutes), fungi (5 minutes), viruses (5 minutes) and bacteria
(3 minutes) at 1:16 dilution by using a quantitative carrier
test [21,22]. A 0.5% accelerated hydrogen peroxide has been
shown to have antibacterial and antiviral activity in 1 minute
& anti-mycobacterial and anti-fungal activity in 5 minutes
[21].

Table 1: Experimental evaluation of the antimicrobial activity of commonly used Hand sanitizers

Ingredient Percentage (%) Time Duration(S) “;:Zt;?g:‘“ Active Against (Studied Organism)
Ethanol (Rabenau HF et al. 2005) 95 30 55 SARS-CoV
Ethanol (Rabenau HF et al. 2005) 85 30 55 SARS-CoV
Ethanol (Steinmann J et al. 2013) 80 30 5.38 Adeno & norovirus SARS-CoV
Ethanol+ CHX (Biermann NM et al. 2019) 61+1 30 3.1 Bacteria
Ethanol+ CHX (Deshpande A et al. 2018) 61+1 30 217 Aerobic bacteria
CHX (Biermann NM et al. 2019) 4 30 2.8 Bacteria
Ethanol + 2-propanol+ Citric acid+Urea (lonidis G et al. 2016 69.39 + 3.69 + 2 + 2 15 4 Poliovirus, Murine norovirus (Enveloped viruses)
Ethanol+ Povidine lodine (Eggers M et al. 2018) 78+3.2 15 5.67 Murine norovirus (Enveloped viruses)
Soap-potassium oleate (C18:1), sodium laureth sulfate (LES) ) 4 Influenza virus
and sodium lauryl sulfate (SDS) (Kawahara T et al. 2020)
Povidine iodine-based soap/surgical scrub 7.5 15 5.67 Ebola virus, Modified vaccinia virus Ankara
(Eggers M et al. 2015) 1 60 3.9-45 (Enveloped) SARS-CoV

Table 2: Experimental evaluation virucidal activity of the commonly used surface disinfectant. ‘

Ingredient Percentage (%) Time Duration Mean Log10 Reduction Active Against(Studied Organism)
Feline calicivirus
Hydrogen peroxide ( Sattar SA et al.1998) 7 5 min >3 Human adenovirus type 1(SARS-CoV surrogate)

Accelerated Hydrogen peroxide (Omidbakhsh N et al. 2006) 0.5 1 min >4 Avian influenza virus
Swine influenza virus

Sodium hypochlorite 0.21 30s >3 MHV (a potential surrogate for SARS-CoV)
(Dellanno C et al. 2009; Cavalli A et al. 2018 ) 0.75,0.38 < 60s, > 15 min >3 Canine parvo-virus-2

Phenol (Weber DJ et al. 1999) 0.5 30 - HIV, HSV, hepatitis B, and enveloped viruses
Quaternary comvzzigﬁéaBglgzge'\tﬂilcjgoz%1GO|)rard et al. 2010; <3 MNV and FCV titers

Quaternary compound an(_i ethanol (Dellanno C et al. 2009) 010 +79 30 >3 MHV (a potential surrogate.for SARS-CoV)
glutaraldehyde, QAC and isopropanol (W Zonta et al. 2016) >3 MNV and FCV titers
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Phenol: Independent studies have demonstrated
that phenolic compound has a potential effect against
bacteria, fungi, and Viruses [22-25]. A 0.5% phenolic
solution (2.7% ortho-benzyl-para-chlorophenol and 2.8%
ortho-phenylphenol) denatured HIV and a 2% phenolic
solution (6.3% para-tertiary-amyl phenol and 15% ortho-
phenylphenol) denatured both enveloped and non-enveloped
viruses [26]. Environmental surfaces exposed to sample
(without visible blood) of infected individuals with HIV,
HSV, or hepatitis B viruses can be disinfected with a 0.5% or
0.05% diluted phenolic solution [24]. But in the presence of
blood, only 0.5% phenolic solution is effective. Furthermore,
findings of the same studies have significantly differed across
laboratories testing similar items.

Sodium hypochlorite: Generally, 0.5% of sodium
hypochlorite solutions have been used as a disinfectant on
inanimate surfaces, for water, fruit and vegetable purposes.
It has a wide range of antimicrobials activities, leaves no
toxic products, is water-resistant, inexpensive and readily
available, and eliminates dry or fixed pathogens and biofilms
from walls and floors [27,28]. Sodium hypochlorite solution
(0.23%) shows potential against murine hepatitis virus (a
potential surrogate for SARS coronavirus) in 30 seconds
[29]. Sodium hypochlorite solution (0.75%) can significantly
inactivate the canine parvovirus type 2 titers in 1 min but
at lower concentration (0.37%) shows potential virucidal
activity within 15 min [30].

Quaternary Ammonium Compounds (QAC): The quater
nary ammonium (Didecyldimethyl-ammonium chloride)
complexes are frequently used as disinfectants. Quaternary
ammonium compounds used to disinfect materials or
appliances for patients, including cystoscopes or cardiac
catheters [31-33]. The quaternary antimicrobial activity has
been directly related to the inactivation of enzymes generating
energy, denaturation of integral cell proteins, and degradation
of the cell membrane [34], 0.10% of the quaternary compound
with 79% ethanol shows activity against MHV (SARS-CoV
surrogate) with a log decrease > 3 log,, [30]. Glutaraldehyde
reduced MNV and FCV titers significantly by > 6 log,, at a
concentration of 2% [35], whereas MNV and FCV titers were
reduced by < 3 log, , after QAC usage [35-37]. Glutaraldehyde,
QAC, and isopropanol were shown to have a considerable effect
on MNV and FCV surrogates with a log reduction of > 3 log,
[38]. Therefore, interactions between different substances are
likely to occur and must be considered, e.g. having synergistic
or antagonistic effects.

How to disinfect the common thing?

How to wash/clean the raw food/fruit?: Food hygiene
and handling are of utmost importance at this time of
pandemic. Many people use procedures like washing fruits
and vegetables using soap or detergents prior to consuming
it. There is still no evidence suggesting that Coronavirus

https://doi.org/10.29328/journal.ijcv.1001035

can spread through food products or not. However, we
must follow certain steps and common instructions to keep
the food healthy and free from germs. Most government
organizations advise simply washing the vagetables with fresh
water, scrubbing it with a brush when required. We should
not forget to have vegetable brush cleaned and dried between
uses. Moreover, the sanitation of the preparation area and the
equipment from sinks to cutting panels is equally significant
[39].

The Washington State Department of Health and FDA
recommend these guidelines for food staff and rest of us [40].

e The Washington State Department of Health and
FDA recommend these guidelWho have coughing,
feverishness, shortness of breath, vomiting or diarrhea
or other signs of disease must stay out of the kitchen

e Hands should be washed pre and post preparation of
the meal to minimize disease risk

e The raw agricultural products, such as lettuce heads
should be washed properly under running water before
being cut or served

Cooking for 30 minutes at 140 degrees Fahrenheit Kkills
SARS according to the Food Safety Authority of Ireland [41].

How to use laundering in SARS pandemic?: In this
current pandemic, wearing clothes is one of the carriers for
SARS. In order to control this; safety in laundry process could
play vital role. It has been reported that washing of cloths
should be done at high temperatures like 71 °C for about 3
minutes or 65 °C for about 10 (“Guidelines for Environmental
Infection Control in Health-Care Facilities: (545922006-001)
[42] or Cold temperature wash: 20 °C with bleach (60-150
parts per million (ppm) available chlorine) (“Guidelines for
Environmental Infection Control in Health-Care Facilities:
(545922006-001) [42] or Ozone washing is a fairly new
process for the 32 °C to 35 °C ambient washing cycle [43].

How to prevent the spreading of virus in lift?: SARS-
CoV-2 may have transmitted rapidly through fomites (e.g.
lifts or bathroom taps) or aerosol virus spray in public spaces
in closed environments (e.g., toilets or lifts) [43]. In order
to control the contamination following measures could be
implemented such as Wipe lift and escalators, especially call
buttons and stairs with detergent and water, or alternatively,
disinfect it with 1 in 99 diluted domestic bleach solutions
(5.25%), where applicable and regularly clean air vans for
lifting.

Some important guidelines issued by the lift manufacturer
could be practice to avoid the contamination.

DO-

e Practice social distancing in lifClean your hands and use
disinfectant alcohol after touching of elevator buttons
or staircases

https://lwww.heighpubs.org/hjcv m
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¢ Avoid overcrowding
¢ Refrain from talking
¢ Do notlean on walls

How to disinfect the general facilities for fitness/sports
complex?: In this pandemic, we have critical challenges for
the perpetuation or return of physical activity and competition
sports event. Moreover, we need to think about restarting the
normal life, to overcome from the spreading of infection, we
should practice the common hygiene and follow some strict
guidelines such as; Public fitness areas and facilities should
be cleaned using a 1 in 99 diluted household bleach solution
(5.25%) and swept at least once every day. Satisfactory
disinfectants (for example 70% alcohol) and paper towels are
to be made frequently accessible to users and workers in the
fitness center/sports complex in order to encourage regular
cleaning. All clothes issued by gymnasium or health club
must be washed using lukewarm water (70°C - 80 °C) cycle
(“Guidelines for Environmental Infection Control in Health-
Care Facilities: (545922006-001) [42].

How to sanitize the hospital/mask/paper/conference
hall?: The COVID-19 pandemic continues, and on the other
hand healthcare facilities are limited of masks, gowns as well as
other personal protective equipment (PPE). UV light, could be
used for disinfecting hospital rooms, operating centers, mask,
official paper as well as conference halls, is one approach to do
so [44]. UV therapy will be a step in a multi-barrier approach.
This means using it in combination with other methods for
disinfection, such as treatment with hydrogen peroxide.
This will lessen the chances of infection. Vacuum UV light
provides an effective solution against various environmental
and pathogenic micro-organisms like E. coli, Staphylococcus
aureus resistant to methicillin, and seasonal influenza viruses
[45].

Discussion

The clinical evidence on the percentage yield of various
disinfectants against SARS-COV-2 is limited. This systemic
review compares the existing hand sanitizers and surface
disinfectants for different enveloped and non-enveloped
viruses and optimized the best hand sanitizers and
surface disinfectants for SARS-CoV 19. Generally, Soap and
ethanol have been used as a broad spectrum Antiviral and
antibacterial hand sanitizers [18,43]. Ethanol-based hand
sanitizers have immediate and effective action against several
enveloped viruses including orthopoxvirus, influenza a virus,
SARS CoV, MERS CoV, HSV type 1, Newcastle disease virus,
HBV and HIV [46]. An Infected individual with SARS-COV-2
is supremely contagious and is most likely to contaminate
proximal inanimate surfaces or nearby surroundings.
SARS CoV 2 may persist on inanimate surfaces for 9 days at
room temperature and this survival rate makes this strain
distinctively contagious [22]. Although limited shreds of

https://doi.org/10.29328/journal.ijcv.1001035

evidence are available on spreading of SARS-COV-2 from a
contaminated surface to hands, it is suggested that Influenza
A virus can transfer 31.6% of the viral load to the hand within
55s[29]. Itis reported from statistical data, that humans touch
their face with own hands at least 23 times per hour. Briefly,
humans mostly contact the skin by hand (56%), followed by
mouth (36%), nose (31%) and eyes (31%). In order to control
the spreading of the deadly virus, disinfectant plays a major
role including hand sanitizers and surface disinfectants [24].
Ethanol is the major ingredient of the hand sanitizers against
enveloped virus including SARS CoV. Studies showed, 80% of
ethanol is effective against most of the enveloped and non-
enveloped viruses [11]. However, 85% of ethanol has shown
a similar reduction factor against SARS-CoV (5.5 log, ) as
compared to 95% ethanol [10,11]. In addition, ethanol can
be effective against enveloped virus at lower concentrations
with other virucidal agents [12,14,47,48]. Combination 2 and
combination 3 are significantly effective (log,, > 4) against
enveloped virus and non-enveloped virus in comparison to
combination 1 including presented ethanol combinatorial
agent [13]. Povidone-lodine (PVP-I), Chlorohexidine, and soap
are other alternatives to be used as hand sanitizers against
enveloped viruses and non-enveloped viruses [12,13,18].
PVP-1: 7.5% of PVP-I effective against enveloped [13] however,
standard careand protectionarethenecessary elements during
application of PVP-I are exclusively in respiratory disorders
[17]; Chlorohexidine: 4% of Chlorohexidine is reported to be
effective against bacteria like E. coli by reducing the colony-
forming unit (CFU) by 4 log,, [46]; Soap: soaps have distinct
amphoteric nature which helps to dissolve the lipid bilayer
membrane of enveloped viruses including SARS-CoV [18].
In comparison to surface disinfectant, sodium hypochlorite
or a mixture of glutaraldehyde, QAC and isopropanol shows
the highest reduction with 3 log,  at a lower concentration.
For further advancement and current pandemic scenario, it
is interesting to look towards accelerated hydrogen peroxide
as an active ingredient of the quick surface disinfectant
automated machine ( tunnel system) as this ingredient shows
effective against enveloped viruses and non-enveloped viruses
including Human adenovirus type 1(SARS-CoV surrogate) at
lower concentration of 0.5% within 60 seconds.

Conclusion

Our comparative studies concluded that 85% ethanol-
based sanitizers and Povidine iodine-based soap/surgical
scrub could be preferred hand sanitizers against enveloped
viruses including SARS-CoV2. For surface eradication, 0.5%
sodium hypochlorite or a mixture of glutaraldehyde, QAC,
and isopropanol could have more efficacies as compared
to hydrogen peroxide, phenol, and QAC alone. Accelerated
hydrogen peroxide, an active component in the automatic
surface disinfectant machine (tunnel system) for the pandemic
situation, could be a positive indication for quick whole body
sanitation. In addition, following certain strict guidelines
issued by healthcare and government agencies, a normal life
may be resumed.
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