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Hospital-acquired infections (HAIs) are one of the most tangled difficulties in advanced
clinical practices. These infections lead to financial implications and have a significant impact on
morbidity and mortality. It is very difficult to eradicate the HAIs however both disinfection and
sterilization account for the best measure to control HAIs. Of all the disinfectants in use, one of
the chemical disinfectants which seem to be user-friendly, non-corrosive, and used extensively
are Quaternary ammonium compounds (QACs) based disinfectants. To improve the efficacy
of these disinfectants and tackle the challenge of antimicrobial resistance (concerning QACs),
from time to time newer QACs disinfectants were introduced which are termed as first, second,
third, fourth, and fifth-generation QACs disinfectants. Manufacturers of these newer generations
QAC:s disinfectants claim these compounds as high-level, broad-spectrum disinfectants while
leading healthcare agencies like the Centre for Disease Control & Prevention (CDC) mention
QACs as mild disinfectants and not sporicidal. Sadly, the antimicrobial efficacy of QACs has
been largely assessed using old methods like phenol coefficient methods & suspension methods,
and not using an internationally standardized method. These loopholes raise a lot of queries
about the true efficacies of the QACs and thus, increase the chances of the development of
resistant HAIs. Therefore, there is an urgent need for better and standardized methods to study
the efficacy of different generation QACs. The present review discusses the status of currently
available methods and gaps in the literature that would be useful to highlight the potential use
of QAC:s for infection control and prevention in better ways.

Keywords: Disinfectants; Hospital-acquired infections; Infection Control; Efficacy; QACs;
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Microbial diseases have compromised
human well-being for a long time and will continue
to do so, due to constant developmental changes
such as mutations.' These microbes become even
more deadly when they are obtained from clinics
or medical institutions. The infections caused
by such microbes are termed Hospital Acquired
infections (HAIs), which a patient or his associate
gets during his tenure in a hospital or any other

healthcare facility & that were absent at the time
of admission.”> HAIs become fatal because of
excessive invasive devices, immunosuppressive
drugs, and the frequent use of inappropriate
antimicrobial therapy.* Several factors are reported
to contribute to HAIs like healthcare-associated
factors, patient-related factors, and environment-
related factors (Figure 1.0). Patients with acute
illness particularly in high-risk areas like Intensive

This is an
Published by Oriental Scientific Publishing Company © 2024

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC-BY).

QO




678 SHARMA & KAUR, Biomed. & Pharmacol. J, Vol. 17(2), 677-685 (2024)

care units, burn units, transplant operation theatres,
etc. are highly prone to get these infections due to
contaminated hospital environments or the fomites
which come in contact with the patient directly or
indirectly.*

To prevent HAIs, cleaning, disinfection,
and sterilization are the most important control
measures. Cleaning is a process that involves
washing (soap and water) and scrubbing to remove
the filth, bioburden, and soil by physically removing
organic matter, although it may not always kill the
germs. Disinfection on the other hand is a process
of making an object microbe free except spores
with the use of chemicals known as disinfectants.
Sterilization destroys or eliminates all forms of
microorganisms including bacterial spores. It
employs both physical and chemical methods.> The

leading infection control and prevention guidelines
also highlight the role of cleaning & disinfection
in the control of nosocomial infections.®’
However, research studies have reported
that cleaning and disinfection are not sufficient to
eliminate microbial loads.*'* Contaminated surfaces
and patients shed different microorganisms, and
these organisms survive for longer duration
on hospital surfaces.'"'> The concentration of
these pathogens is adequate for transmission
for an expanded duration. It is well-reported
that environmental surfaces with microbial
contamination and related factors contribute
significantly to the endemic and pandemic
exchange of potential microbes.!* Removal of
microbial loads from the hospital environment
is the major tool in controlling nosocomial
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Fig. 1. Various factors associated with the cause of HAIs
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infections.'* However inefficient, irrational use
of disinfectants and further challenges in the
measurement of efficacy standards compromise
the actual efficacy in practice and contribute to the
increase in the HAIS.
Epidemiology of HAIs

Infections from contaminated
environments have been well established. Various
outbreaks have provided proof that patients
get infected by the healthcare-contaminated
environment and surface inside.'* As per World
Health Organization (WHO) report, approximately
15% of total patients hospitalized worldwide suffer
from HAIs. These infections are accountable for
4% - 56% of neonate deaths, with an incident
percentage of 76% in Africa and South-East
Asia.? In the US alone, HAIs involve yearly
about 2 million people and account for financial
losses of approximately 4.5 billion dollars. In
India and other developing nations, the issue of
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Fig. 2. Basic structure of Quaternary ammonium
compounds
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HALIs is significantly higher prompting well-being
and money-related misfortunes.'® In 2014, CDC
published a survey report on the prevalence of
HATIs in the United States involving 11282 patients
from 183 healthcare facilities. It was reported that
approximately 4% of patients admitted to hospitals
suffered from at least one type of HAIs. The
major HAIs reported are Surgical site infections,
Gastrointestinal infections, Pneumonia, Urinary
tract infections, and primary bloodstream infections
including Catheter-associated bloodstream
infections with occurrence rates as 21.8%, 21.8%,
17.1%, 12.9%, and 9.9% respectively.'” In India, a
research study reported 33.6% of hospital-acquired
urinary tract infections in catheterized patients.'
Disinfection & QACs

Disinfection is the cycle by which
an article is liberated from the pathogenic
microbial entities except for spores by utilizing
chemical compounds known as disinfectants. Some
disinfectants, known as chemical sterilant, also
destroy spores with long exposure times and are
known as high-level disinfectants.®” Cleaning with
cleaners and disinfectants plays a crucial role in the
treatment of microorganisms, but the difficulties
with estimating efficacy approaches have impaired
the real outcomes in practice.'® ' ' Every
disinfectant has its advantages and disadvantages
and should be chosen based on its intended use or
application. The normal characteristics of an ideal

Table 1. List of chemical disinfectants with advantages and disadvantages

Chemical disinfectants Advantages /disadvantages

groups

Alcohols Good skin disinfectants, should not be used on surfaces as they are flammable
and reacts with different surface types. Like it tends to swell or harden the rubber

Phenolics Phenols are mild disinfectants for inanimate surfaces

Halogens Halogens include chlorine-generating compounds and iodine-based compounds.
Chlorine generating compounds are the most economical but produce health
hazardous fumes. lodine and Idophores are weak disinfectants for inanimate
surfaces and are commonly used as skin disinfectants

Aldehydes Aldehydes like formaldehyde, Glutaraldehyde, and Orthophthaldehyde (OPA)

are considered to be high-level disinfectants but are toxic to users and

the environment
Oxidizing agents

Hydrogen peroxide, Superoxide water, and Peracetic acid are wide spectrum

and fast antimicrobial agents but are corrosive (May rust metallic material like
aluminum separation and metallic instruments, etc.)

Quaternary ammonium
compounds (QACs)

QAC:s based disinfectants are being used most in the healthcare sector,
not only as good cleaners but also as good disinfectants.

These disinfectants are user friendly
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disinfectant incorporate i) Broad spectrum efficacy;
i) user-friendly; iii) Non-corrosive and nature
friendly.”'*?° Different chemical disinfectants
are currently used for disinfection like Alcohol;
Oxidizing agents; Halogens; Aldehyde; Phenolic
and QACs (Table 1.0).

Out of all these chemicals disinfectants
QAGC:s are being used extensively in the hospitals
and healthcare industry due to their advantages
which make them good disinfectants. The QACs
are substituted ammonium compounds having a
nitrogen atom in the center with a valency of five.
Out of which four (R1 —R4) are the substituted
radicals i.e. Heterocyclic radicals or alkyl chain and
the fifth (X°) is a halide, sulfate, or similar radical
(Figure 2.0).71%20

QACs were first presented in 1916
when Walter A. Jacobs tried modifying the
hexamethylenetetramine molecule synthetically
with the intent to get a new molecule having
bactericidal properties.”' It was demonstrated that
the level of bactericidal activity was inferable from
character, position, and the number of gatherings
substituted in the benzene core.?? In 1935, it was
reported by G Domagk that the antimicrobial
properties of QACs were not limited to the
Hexamethylenetetramine molecule only.”® This
threshold-breaking research paved the way for the
commercial application of QACs in antimicrobial
use. QACs are considered broad-spectrum
antimicrobials but are not sporicidal.** These
compounds are effective against gram-positive
and gram-negative bacteria, fungi, and viruses.*%’
Broad-spectrum antimicrobial properties and user-
friendly properties make QACs an ideal choice for
disinfectants. However, there are controversies in
the literature supporting the claim that QACs can
be used as sporicidal agents.” The use of QACs is
not limited to disinfection but is also being used in
paints, cosmetics, agriculture, and other household
products. For the extensive useful properties, the
QACs use has increased over the decades. The total
production of QACs in the US in 1945 was about
3 million pounds, which increased to 7787 million
pounds in 1993 .
Development of new-generation QACs

The introduction and commercial
application of the QACs led to the large-scale
use of these disinfectants in various fields. It was
found that the efficacy of the QACs was better

than the other disinfectants available at that time.
In an efficacy study conducted on higher-order
alkyl dimethyl benzyl ammonium chloride against
S. aureus and E. coli, it was reported that QACs
were more effective for gram positives than gram
negatives and were also better in efficacy than
other commercially available disinfectants.?*-*
Another study reported that QACs (Cetyl Pyridium
Chloride) was microbiocidal at higher dilutions
under both acidic and alkaline conditions. The
nontoxic behavior of the investigated QACs
compound and its germicidal properties at various
conditions made QACs exceptionally useful &
versatile disinfectants.*
Resistance towards QACs

Exceptionally broad-spectrum
antimicrobial properties and nontoxic behavior
of QACs resulted in wide-scale heavy use in the
healthcare sector as disinfectants. However, the
overuse of QACs led to the emergence of anti-
microbial resistance towards QACs. A study in
1952 by CE Chaplin demonstrated resistance
towards QACs. It was concluded that the acquired
resistance was dependent on the increased lipid
contents of the cell wall of the microorganism.**
Another study reported that P. aeruginosa could not
only survive but even multiply in Benzalkonium
chloride solutions containing ammonium acetate
buffer.’® A similar study reported that at 200
pgml! of benzalkonium chloride, 30% of the
strains were able to grow.* To tackle the challenge
of antimicrobial resistance towards QACs,
manufacturers introduced newer and higher
generation QACs in the next decades.”” These
newer generation QACs were termed first, second,
third, fourth, fifth, and so on.
Antimicrobial activity of higher generation
QAG:s disinfectants

Literature suggests that newer-generation
QACs were more effective than the previous ones.
Several studies reported higher generation QACs to
be less toxic than the previous ones, being active in
hard water and showing higher efficacy. A study on
two higher-level QACs disinfectants showed that
both disinfectants were effective against all tested
microorganisms except Bacillus subtilis and the
resistant strain of P. aeruginosa.®® Another study
tested the antimicrobial efficacy of disinfectants
used in hospitals in India against MRSA,
Enterobacter aerogenes, Klebsiella pneumoniae,
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Multidrug-resistant Acinetobacter baumannii, and
P. aeruginosa. Results demonstrated that the use
of less toxic QACs in comparison to formaldehyde
with mist spray agents was a good option for
making the hospital environment free from
microbes. For heavy contaminations, aldehyde
and new QACs formulations were found to be
the best disinfectants.* Another study on third
generation QACs showed that QACs disinfectants
were as effective as formaldehyde and could be
considered effective disinfectants and sterilization
agents.***! Similar studies were conducted on the
5t generation QACs disinfectants and it was found
that 5® generation QACs have higher efficacy
than the 3 generation. Pirsaheb et al. reported
that 4" and 5% generation QACs disinfectants had
higher efficacy as compared to other chemical
disinfectants.*? Ifiiguez-Moreno et al. (2017)
studied the antimicrobial activity of disinfectants
commonly used in the food industry and reported
that efficacy increases with the advancement of
generation i.e. 5" generation QACs had higher
efficacy than 3™ generation.*
The sporicidal activity of QACs

As per the guidelines issued by CDC &
National Center for disease control, India (NCDC),
QAC:s are non-sporicidal agents. A study conducted
against C. difficile showed the poor sporicidal
activity of QACs, validating the point mentioned
in the guidelines.** In another similar study,
Deshaies et al. (2018) tested 3™ and 4-generation
QAG s disinfectants against C. difficile spores at
recommended and higher concentrations. None of
the disinfectants showed sporicidal activity.*
Quaternary ammonium compounds and
COVID 19

Though QAC:s are in use for a long time,
a significant rise in the consumption of QACs
was seen during the COVID-19 pandemic.** The
United States Environmental Protection Agency
(USEPA) also highlighted the role of QACs
disinfectants for COVID-19 prevention.*’*® A
study reported the virucidal efficacy of QACs
against SARS-CoV-2 on treated surfaces in the
year 2021. It was found that the use of QACs
led to a decrease in communicability and fomites
transmission of SARS-CoV-2.?° Another study by
Marteinson et al. (2022) reported that out of all
disinfectants used in Canada during COVID-19,
80% of the disinfectants were QACs. The common

QACs were Benzalkonium chloride (32%), alkyl
dimethyl ethyl benzyl ammonium chloride (17%),
and didecyl dimethyl ammonium chloride (8%).
Despite large-scale usage of QACs disinfectants
few authors believe that the effectiveness of QACs
against corona viruses must be evaluated using
standard protocols.?
Quaternary ammonium compounds,
antimicrobial efficacy methods & gaps
Existing literature has shown that the
efficacy of most of the QACs disinfectant is
performed using traditional methods like the
Phenol coefficient method, Suspension method,
swab method, or glass slide method. In another
study, QACs were found effective when tested for
germicidal efficacy against M. candidus, S. aureus,
B. panis vegetative spores, gram-negative E. coli
& Pseudomonas aeruginosa using the glass slide
method. On similar lines, when the bactericidal
efficiency of QACs was evaluated using the
phenol coefficient method, these compounds
were found to be bactericidal.’® In a similar
study using the phenol coefficient method, the
bactericidal efficiency of quaternary ammonium
compounds was evaluated and these compounds
were found to be bactericidal.’! Sadly, the
authenticity and reliability of these methods are
in question due to lack of standardization of the
efficacy methods.*>">* Studies done by different
researchers have shown contra-indicatory results
concerning the efficacy of QACs. Pirsaheb et
al. (2016) tested the efficacy of QACs using
the traditional phenol coefficient method and
the swab method. It was found that QACs have
phenol coefficients <1 indicating the QACs
disinfectants as weak disinfectants, while when
tested in actual practice in laboratory conditions
using swab methods, QACs disinfectants showed
the best results.*> Contrary another study by Eyo
et al. (2018) demonstrated the non-effectiveness
of tested QACs using the use-dilution test that
was having highest phenol coefficient.® Research
studies have emphasized that selecting the right
and effective product is very difficult due to
the varieties of products, various claims by the
manufacturers, and contraindicatory reports from
literature.* Though there is a lack of standardized
methods, looking at the need of the hour, newer
QAC s are being synthesized. Further, besides
the discrepancies in testing methods, it has been
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reported that manufacturers use false claims on
labels to promote and enhance sales Hence, better
testing standards with strict guidelines for verifying
the antimicrobial spectrum of these compounds are
of utmost importance.”’- > Literature also suggests
that such data needs to be verified by independent
investigations. Further, there is an urgent need to
establish uniformity in the methods to evaluate
the effectiveness of the QACs for their proper
and effective utilization. In this context, newer
standardized methods were developed by standard/
harmonized organizations like the European
Committee for Standardization (CEN) and the
Association of official analytical collaboration
(AOAC) International >* %
Newer standardized international methods
The antimicrobial efficacy of any
disinfectant depends on different factors, which
include the Initial microbial inoculum, Experimental
conditions, Neutralizer, its toxicity, and the method
used.® Newer Standardized methods like EN
(European norms) standards or AOAC international
methods should be utilized for disinfectant efficacy
as these methods are refined and harmonized.5
These methods include various validation steps
like validation of microbial suspension, Validation
of neutralizer, Validation of method, and other
experimental conditions. Validation of Microbial
suspension includes verification of the required
number of microbes to be used in the disinfectant
efficacy. Validation of the neutralizer includes the
selection of the suitable neutralizer and verification
of neutralizer toxicity. A good neutralizer should be
non-toxic to the microbes and able to neutralize the
carry-over effect of the disinfectants. Validation of
method and experimental conditions involves the
verification of the method and the experimental
conditions in which the test is to be conducted.
Efficacy results with these methods are more
realistic than the traditional methods.

CONCLUSION

The incidence of hospital-acquired
infections (HAIs) are increasing. These infections
become more fatal due to the use of invasive
devices, immunosuppressive drugs, and the
frequent use of inappropriate antimicrobial therapy.
A practical measure to lower or control the HAIs
is proper cleaning and disinfection. The use of

Quaternary ammonium compounds (QACs) has
gained a lot of attention in this context, especially
during the COVID times. However, the lack of
standardized methods to evaluate the efficacies of
QAG:s is playing a major hurdle in the appropriate
use of QACs. Misuse of inefficient QACs will
increase the chances of microbes adapting and
developing resistance against the same. Literature
reports validate the gap in efficacy testing with
traditional methods and emphasize the urgent need
to establish uniformity in the methods to evaluate
the effectiveness of the QACs for their proper
and effective utilization. In this context, the use
of European (EN) standards has gained a lot of
attention and is proven to be more authentic and
reliable.
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