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Abstract

A novel virus named SARS-CoV-2 emerged from Wuhan, China in late 2019. Since then, the virus
has quickly spread worldwide, leading the WHO to declare it as a pandemic; by the end of April
2020, the number of cases exceeded 3 million. Due to the high infectivity rate, SARS-CoV-2 is
difficult to contain, making disinfectant protocols vital, especially for essential, highly trafficked
areas such as hospitals, grocery stores, and delivery centers. According to the CDC, best practices
to slow the spread rely on good hand hygiene, including proper handwashing practices as well

as the use of alcohol-based hand sanitizers (ABHS). However, they provide warning against
sanitizing products containing benzalkonium chloride (BAC), which has sparked fear in both the
scientific community as well as the general public as BAC, a common quaternary ammonium
compound (QAC), is ubiquitous in soaps and cleaning wipes, as well as hospital sanitation kits.
This viewpoint aims to highlight the outdated and incongruous data in the evaluation of BAC
against the family of known coronaviruses, as well as points to the need for further evaluation of
the efficacy of QACs against coronaviruses.
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In the late months of 2019 leading into January of 2020, a novel virus emerged in

Wuhan, China and was given the name Severe Acute Respiratory Syndrome-Coronavirus-2
(SARS-CoV-2; Figure 1); the associated disease was termed COVID-19 (CO-rona-VI-rus
D-isease 2019, Figure 1).1-3 The virus quickly spread across Europe and into North and
South America, leading the World Health Organization (WHO) to declare it as a pandemic
on March 11, 2020, with over 118,000 infections in over 114 countries at that time.*
Seven weeks later, the number of cases exceeded 3 million worldwide.?> SARS-CoV-2

is a part of the family of viruses known as Coronaviridae, which have led to previous
coronavirus outbreaks: a SARS-CoV outbreak in 2002 and a Middle East Respiratory
Syndrome (MERS)-CoV outbreak from 2012-2015.3:6-9 These three viral outbreaks have
yielded similar symptoms, including shortness of breath, fever, coughing, and headaches.
Although Coronaviridae is not new to the human population, SARS-CoV-2 is a larger
threat as it has a much greater reproduction number (Rp) than previous coronavirus strains,
meaning that the number of cases generated by one infected person is higher than previous
outbreaks.?-13 This, coupled with longer incubations times, latent infections, and delayed
symptoms, makes the virus difficult to contain.

Because of this, there is an urgent need for appropriate disinfection protocols to slow the
spread of COVID-19. According to the Centers for Disease Control and Prevention (CDC),
the most effective way to reduce COVID-19 infectivity rates is to practice appropriate

hand hygiene, specifically employing proper handwashing with warm water and soap for a
minimum of 20 seconds and avoiding touching one’s face.1* In addition, the CDC advocates
for the use of alcohol-based hand sanitizers (ABHS), but provides warning about products
containing benzalkonium chloride (BAC), stating:

“Benzalkonium chloride, along with both ethanol and isopropanol, is deemed eligible by
the FDA for use in the formulation of healthcare personnel hand rubs. However, available
evidence indicates benzalkonium chloride has less reliable activity against coronavirus than
either of the alcohols.”13

As BAC and related disinfectants are ubiquitous, found not only in soaps, but also cleaning
wipes and hospital sanitation kits, knowing their efficacy against SARS-CoV-2 is imperative
to address the spread of the virus. The CDC goes on to reference a recent review, published
in the Journal of Hospital Infection by Kampf, et al., that tabulated the results of previous
studies investigating how long viruses within the same family (MERS-CoV, SARS-CoV,
and endemic human coronavirus) can exist on surfaces ranging from steel and plastic to
disposable gowns and surgical gloves.1® Overall, it was reported that this class of virus can
persist on inanimate objects with a wide range of times from 2—8h (paper and aluminum)
to <5d (plastic, ceramic, and others). Since the publication of this and other reports, the
scientific community has debated the length of time SARS-CoV-2 can persist on inanimate
objects, with some reporting SARS-CoV-2 RNA on surfaces after >14 days.10.16-18

With survival times varying amongst surface types, guidelines for best disinfectant practices
are vital, most notably for essential work locations including hospitals, grocery stores, and
delivery centers that together face higher traffic and risk rate than other locations. Currently,
the CDC offers limited guidelines for surface disinfectants in the face of COVID-19.
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However, both the scientific community and general public have deferred to the article
mentioned above for guidance in best practices, as it also includes a table of previous reports
on the ability of common disinfectants to eradicate this family of viruses.1® The disinfectants
in their literature review include two alcohols (ethanol and propanol), sodium hypochlorite,
peroxides, aldehydes (formaldehyde and glutardialdehyde), two different types of quaternary
ammonium compounds (BAC, 1 and didecyldimethyl ammonium chloride, 2; Figure 2),

and several others. It is from this data table that the CDC provided its recommendations

on ABHS and regarded BAC, a common quaternary ammonium compound (QAC), as
ineffective at killing the virus. The pertinent data was based on a suspension-based assay
found in an article by Wood and Payne in 1998 (Table 1, ref. 19).

Beyond the use of BAC as a hand sanitizing agent, Kampf and coworkers also provided

one example of BAC as a surface disinfectant from an article by Sattar, et a/. in 1989 with
an active concentration of 0.04% w/v on a steel surface, showing it to also be ineffective

at reducing the viral loading of HCoV (endemic human coronavirus) after 1 min exposure
(Table 1).1520 Combining this with the suspension assay result has sparked debate and
worry as QACs, specifically BAC, are the active ingredient found in many household
disinfecting wipes and sprays, as well as an additive in various soaps and non-alcohol-based
hand sanitizers. This is due to their ability to eradicate surface bacteria and common viruses
such as influenza by disrupting their phospholipid membrane (Figure 3).21-27

Despite the current reluctance of the CDC to endorse a BAC-based hand sanitizer

against COVID-19, the research backing the stance is neither current nor uniformly
asserted. In particular, the disinfectant concentrations in the reports discussed herein are
inconsistent, with broad ranges of applied QACs from 0.00175-1.5% w/v (Table 1, Figure
4). Additionally, the type of analysis varied widely. Most studies utilized suspension-based
assays in which the virus was suspended in minimal media, but the contents of the media
varied with concentrations and types of organic loading, added salt concentrations, as well
as added antibiotics. For surface evaluations, some analyses utilized quantitative carrier tests
(QCTs) with stainless steel discs as carriers of viral loads where others simply described
evaluating surface contamination but lacked details for reproducibility. It is the goal of

this viewpoint to shed light on more recent data regarding the activity of BAC against
coronaviruses, point out the disparities between available research, as well as draw attention
to the need for further research into QACs. There is a need to not only broaden our
understanding of the effectiveness of BAC against SARS-CoV-2, but also to design and
develop improved QACs for future infection control.

Based on with another article briefly mentioned in the Kampf, et a/., the work performed

by Pratelli in Zoonoses and Public Health analyzed the effectiveness of QACs against
Canine Coronavirus (CCoV), another family member within Coronaviridae.?® Although
these results pertain to CCoV, it is within the same family as SARS-CoV-2 and should aid
in evaluating the efficacy of QACs. Pratelli utilized a suspension-based assay, suspending
cell cultures in Eagle’s minimal essential medium and supplementing with 10% fetal bovine
serum. The report found that DDAC was able to reduce the viral loading of CCoV by

>4.0 logg after 3-day exposure (Table 1). Conversely, BAC was unable to reduce the
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viral loading (3.0 logyp), but the author does note that both agents caused significant
morphological damage to the virus.

Within a 2004 article by Ansaldi, et al. in the Journal of Preventive Medicine and Hygiene,
the authors analyzed the efficacy of the same group of disinfectants described by Kampf,

et al. against SARS-CoV within a 1 mL salt solution (concentration or identity of salt not
specified) with a standard concentration of cell-culture.2® Each replicate was exposed to 2
mL solutions of disinfectant with recommended disinfectant concentrations, e.g. BAC=1%
wiv. Interestingly, it was found that BAC did not significantly damage the cell monolayer
but was able to reduce the replication of SARS-CoV after 5-minute exposure (Table

1). However, after 30-minute exposure to BAC, Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) found SARS-CoV RNA still present on the surface. This result was
consistent against each type of disinfectant analyzed (ethanol, BAC, sodium hypochlorite,
etc.) as well as against three types of viruses tested (Influenza, Respiratory Syncytial Virus,
and SARS-CoV). Therefore, it begs the question of whether intact RNA alone is an infective
agent of SARS-CoV, or if the reduction of cell replication from BAC is adequate. This
question remains unanswered and makes it difficult to appropriately evaluate efficacy of
disinfectants across analyses.

Additionally, two articles from 1989 and 2009 present discrepancies regarding BAC alone
as well as within provided commercial formulations. For example, within the 2009 article
by Dellano, et al. the authors analyzed effectiveness of common household disinfectants
(one being Lysol with 0.1% wi/v of BAC and <70% ethanol) against Murine Hepatitis Virus
(MHYV, a surrogate vector with structural similarities to SARS, but lower biosafety level).8
They found that the BAC formulations were effective at inactivating this class of virus after
only 30-second exposure (Table 1). This result was echoed in the previous 1989 article

by Sattar, et a/. when analyzing BAC and ethanol mixtures.2® Additionally, Sattar, et a/.
analyzed toilet bowl cleaners (with a solution of 0.04% wi/v of BAC and hydrochloric acid,
pH=1.0). This formulation was again proven to be effective at inactivating coronaviruses
although this lower concentration of BAC was only able to affect a 3-log reduction (99.9%)
in viral load in the absence of additives. Both articles point to the difficulty proving if
combinatorial formulations lead to efficacy, or if the QACs aid in the viral reduction.

In addition to BAC, other commonly employed QACs such as chlorhexidine gluconate
(CG, 3, Figure 2) were also examined in a 2004 editorial by Schmidt, e a/30 It was

found therein that CG at a concentration of 0.008% w/v was unable to reduce the viral
loading of HCoV229E, but when added to 70% ethanol reduced the viral load by 3 logqg
in QCT (Table 1). In addition, the article also examined the effectiveness of combinatorial
QACs (presumably CG and BAC) at a 0.066% w/v in QCTs, which proved effective after
10-minute exposure resulting in viral reduction of 4.0 log1o. The only example of BAC
efficacy alone in this article was with 0.01% w/v against transmissible gastroenteritis virus
(TGEV), a common coronavirus known to infect pigs. Within the suspension assay, BAC
reduced the viral load by 3 log;o. These analyses again display the incongruity of the reports
of QAC disinfectant efficacy between research laboratories.

ACS Infect Dis. Author manuscript; available in PMC 2023 August 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schrank et al.

Page 5

A distinct inconsistency regarding the effectiveness of BAC is evident in a 2005 article,
again by Kampf in the Journal of Hospital Infection.3 Contrary to the 2020 review,

this earlier report evaluated the effectiveness of four commercially available ABHS, three
surface disinfectants (two of which contained BAC at 0.5% wi/v), and one instrument
disinfectant (containing glutaraldehyde) against SARS-CoV. Utilizing a suspension-based
assay with three different types of organic loads (0.3% serum albumin, 10% fecal calf
serum, and 0.3% serum albumin/ 0.3% sheep erythrocytes), the study showed that each
disinfectant evaluated was effective at significantly lowering the viral load across all types
of organic loadings. Specifically looking at the BAC data, one formulation (Mikrobac forte)
reduced the viral loading by =6.13 logyg while the other (Kohrsolin FF) reduced the viral
loading by =3.75 logy g in comparison to =4.3 with ABHS, all of which had 30-60 minute
exposure times (Table 1).

Through this brief literature analysis, it is apparent that the current research on the
effectiveness of BAC, and more broadly QACs, is inconsistently presented across a select
few reports from the past decade. Beyond the incongruity between the assays employed, we
also hypothesize that the variability in results may be due to the solution of disinfectant,
specifically variations in concentrations analyzed; we note that common household wipes
are sold with a ~0.3% wi/v concentration of a mixture of BAC structures. Within our own
research efforts, we have found that outdated solutions of BAC have increased rates of
micelle formations, rendering high levels of variability in effectiveness between assays
(unpublished results). Furthermore, it appears that the reluctance of the CDC in endorsing
BAC as a disinfectant against SARS-CoV-2 is based upon an outlier in one paper (Figure 4).

Additionally, the question remains if SARS-CoV-2 RNA is an infective agent on its own.

It is plausible that QACs are successful in eradicating infectivity if only the RNA is

detected after treatment. It has frequently been confirmed that QACs are effective against
influenza viruses as well as both Gram-positive and Gramnegative bacterial strains.21-27 In
comparing the outer membranes between these and SARS-CoV-2 (Figure 5), we postulate
that QACs should be effective in decreasing the viral load for disinfection procedures against
COVID-19 as both contain relatively similar phospholipid bilayers. Furthermore, a newer
generation of multi-cationic QACs have recently been developed and garner further studies
against these emerging viruses.2’

These findings, coupled with the dangerous trend of inappropriately misusing disinfectants,

warrants an urgent need to establish consistency in how we analyze the effectiveness

of QACs against the family of coronaviruses to allow factual recommendations for use

of disinfectants. This pandemic serves as an opportunity for enhanced antiseptics, and

more specifically QAC development, as commercially available disinfectants have room for
improvement both with formulation, and concentration, as well as effectiveness against both
viral and bacterial contagions.
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Figure 1.
Cartoon representation of SARS-CoV-2 viral structure.
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Figure 2.
Chemical structures of QACs used.
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Figure 3.
Mode of action of QACs against both bacterial and viral phospholipid membranes. Red

spheres represent positively charged nitrogen atoms.
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Ability of QACs to Reduce Viral Loading
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Graph displaying reduction in viral load by various QACs. Data obtained from Table 1. Note
that QAC concentration is displayed in logyg for clarity. Data points that are listed as viral
load reduction of >3.0, or <3.0 were given values of 3.2 and 2.8 respectively to aid in clarity.
Additionally, data from Ansaldi, et al. was omitted as it did not contain viral load reduction
values. Outlier from data set (Wood, et al.), used for CDC reference is marked in red.
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