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ABSTRACT
The incidence of hospital and community acquired infections has globally increased worldwide.

The concentration of the disinfectants is important to give its higher efficacy against pathogens or
microorganisms. Microorganisms are part of or environment cause major or severe diseases to
reduce the risk of these diseases we generally clean surrounding by using cleaning agents like soaps,
antiseptics or disinfectants. So to check weather these disinfectants are performs there work against
specific bacteria or microorganism we performed this test to check the effectiveness of disinfectants
against specific microorganism and fungus. Five bacterial types that are frequently acquired in
hospitals from which two are gram positive organism, two are gram negative organism and single
strain of fungus ‘(Pseudomonas aeruginossa, Klebsiella pneumoniae, Staphylococcus aureus
(MRSA), Acinetobacter baumannii, Candida tropicalis) (clinical isolates) were examined for their
susceptibility against 3 commonly used disinfectants hospitals Chlorine releasing agent, Quaternary
ammonium compound and Aldehyde free disinfectant). The turbidity in the nutrient broth and the
growth in culture media showed that all three disinfectants had lowered the microbial growth of
every clinical strain. In general, the reference strains have lower growth and turbidity than the
clinical strains. When combined, our results demonstrated that every product we examined had a
high disinfection killing rate against microorganisms from various sources, indicating the excellent
caliber of these goods. In response to rising disinfectant usage, hand sanitizer production has
expanded to keep up with demand. Normal flora or microorganisms are part of our body in everyday
life in which some are necessary some are unnecessary and can cause major or severe diseases to
avoid from these diseases we generally clean our self and surrounding by using cleaning agents like
soaps, antiseptics or disinfectants. So, to check weather these sterilizing agents are performed their
work against specific bacteria or microorganism we performed this test to check the effectiveness

of disinfectants against specific microorganism and fungus.

1 INTRODUCTION

In this era, the rate of transmission of hospital acquired infections, diseases are increasing in hospitals
or person to person globally. The Centers for Disease Control and Prevention (CDC) estimate that over
2 million individuals globally get nosocomial infections each year, which lead to roughly 90,000
fatalities. There are different types of patients in hospital environment which are suffering from
different types of diseases and can transmit through water droplets and hands.

As per the 2018 data by Tri-Country Healthcare, over 80% of human illnesses can be spread through
contact. The total number of microflora on our body is similar to number of human cells
Staphylococcus aureus which is a residential microflora of skin [1]. There are large number of
microflora on the skin anywhere else on the body. Mostly skin microbiota is found on the upper layer
of the skin in the hair follicles. So, bacteria, viruses are very harmful if it is not a normal flora of our
body. Staphylococcus aureus is a normal flora of our skin or nose but it is entered our skin it might be
pathogenic for us and cause severe infection such as pneumonia or blood stream infections in the body
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The most common resident flora are present on skin Staphylococcus aureus (S. aureus),
Staphylococcus epidermidis (S. epidermidis), and Enterococcus faecalis (E. faecalis) in the
environment Escherichia coli (E. coli), Salmonella enteritidis (S. enteritidis) and Pseudomonas
aeruginossa (P. aeruginossa) are also present in the hospital which can cause nosocomial infection[5].

There are different types of microorganisms in hospital environment that can cause urinary tract
infection blood stream infection or respiratory infection. The mainly reported cases of harmful
pathogens are of (Klebsiella pneumoniae, E. coli, P. aeruginossa, and Acinetobacter baumannii), and
Gram-positive bacteria (Staphylococcus aureus (MRSA) and fungi Candida tropicalis (C. tropicalis).

Disinfectants of environmental surface is extremely imparted to recite risk of infections occurring out
from these microorganisms.

There are many of disinfectants used to disinfect microorganisms which are as follows :-

e Chemical Disinfectants — chemical disinfectants used are alcohol, Chlorine and chlorine
compounds, Formaldehyde, Glutaraldehyde, Hydrogen peroxide, lodophors, Ortho-
phthalaldehyde (OPA), Peracetic acid, Peracetic acid and hydrogen peroxide, Phenolics,
Quaternary ammonium compounds

Miscellaneous Inactivating Agents — The inactivating agents used are other germicides,
Metals as microbicides, ultraviolet radiation and pasteurization

In this study three types of disinfectants are used:-

1. Chlorine-releasing agents (/0% Sodium Hypochlorite)
2. Aldehyde free disinfectant

3. Quaternary Ammonium disinfectant

2 Material and Methods

Five bacterial strains of commonly hospital acquired infections from which two are gram positive
organism, two are gram negative organism and single strain of fungus ‘(Pseudomonas aeruginossa,
Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus(MRSA), Acinetobacter baumannii ,
Candida tropicalis) (clinical isolates) were examined for their susceptibility against 3 commonly used
disinfectants hospitals Chlorine releasing disinfectant , Quaternary ammonium disinfectant and
Aldehyde free disinfectant. The microbial growth of all clinical strains was shown to be decreased by
all three disinfectants, as demonstrated by the growth in culture media and the turbidity in nutritional
broth[48]. In general, the reference strains have lower growth and turbidity than the clinical strains.
When combined, our results demonstrated that all of the tested products had high disinfection killing
rates against microorganisms of various origins, pointing to both the high caliber of these disinfectants
and the effective surveillance methods used by Indian local government agencies.

EQUIPMENTS USED: Autoclave, Incubator, Bio-Safety Cabinet, Hot air oven

MATERIALS USED: Glass Wares, Micropipette, Glass test tubes, Measuring cylinder
Mackonkey agar, Nutrient broth
EXPERIMENTAL SETUP:

The experimental setup required for this project was organized at Clinical Microbiology Department

of Lab Medicine, Fortis Mohali. All the procedures were conducted under sterile conditions inside
bio-safety cabinet.

Bacterial clinical isolates - The clinical isolates of Klebsiella pneumonia, Methaicillin-resistant

Staphylococcuss aureus (MRSA), Acintetobacter baumannii, Pseudomonas aeruginossa and Candida
tropicalis


https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/chemical.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/chemical.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/miscellaneous.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/disinfection-methods/miscellaneous.html
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These were employed in the investigation to evaluate the efficacy of various disinfection agents.
Hospitalized patients' clinical stains were isolated. The VITEK 2 system (bioMérieux) was utilized to
identify the isolates.

1 By using Chlorine releasing disinfectant

Firstly concentration is converted into 10 % to 1 % as per usage in hospitals and laboratories. 10ml of
10% Sodium Hypochlorite and added into 100ml of distilled water and final volume of 1% Sodium
Hypochlorite is ready .

By measuring the optical density of 5 different microorganisms suspension with help of VITEK
DENSICHEK instrument is an accessory intended for use with the VITEK 2 Systems.

Table 1: Optical density of clinical isolates for Chlorine releasing disinfectant

Microorganisms Optical density (McF)
S.aureus (MRSA) 1.02McF
K.pneumoniae 1.06McF
A.baumannii 1.03McF
P.aeruginossa 1.01McF
C.tropicalis 1.04McF

Now microbial suspension of positive control of 3ml of 5 different microorganism is ready.

3ml of 1% Sodium Hypochlorite is added into a 5 different glass test tube by labeling the name of
micro organisms we use in this test ( S. aureus (MRSA) , K. pneumoniae,

A.baumannii, P.aeruginossa, C.tropicalis )

1 ml of microbial load is added into each of test tube having pure form of 3 ml 1%Sodium
Hypochlorite by using micropipette and mix well.

e After 5 minutes of incubation : 20 pl with micropipette of sample and streak it into 1 mackonkey
agar labeled as Klebsiella pneumoniae 5 min plate and another 20ul with micropipette pass in 5
ml nutrient broth labeled as Klebsiella pneumoniae 5 min and also 20 pl of sample from microbial
suspension Klebsiella pneumoniae and added into mackonkey agar plate with nutrient broth tube
labeled as positive control of Klebsiella pneumonia.

e After 10 minutes of incubation : 20 pl of sample and streaked it onto 1 mackonkey agar labeled as
Klebsiella pneumoniae 5 min plate and another 20pul with micropipette pass in 5 ml nutrient broth
labeled as Klebsiella pneumoniae 10 min.

e After 15 minutes of incubation : 20 pl of sample and streaked it onto 1 mackonkey agar labeled as

Klebsiella pneumoniae 5 min plate and another 20ul passed in 5 ml nutrient broth labeled as
Klebsiella pneumoniae 15 min. Same protocol followed with another four organism with this
0.4% Alliance R82

2. By using Quaternary ammonium disinfectant

Firstly concentration of final volume was made to 0.4% as per usage in hospitals and laboratories. 80ul

of Quaternary ammonium disinfectant and 20ml of distilled water is added and final volume of 0.4%

Alliance R82 was made. By measuring the optical density of 5 different microorganisms’ suspension

with help of VITEK DENSICHEK instrument is an accessory intended for use with the VITEK 2

Systems

Table 2: Optical density of clinical isolates for Quaternary ammonium disinfectant

Microorganisms Optical density (McF)
S.aureus (MRSA) 1.03McF
K.pneumoniae 1.08McF
A.baumannii 1.02McF
P.aeruginossa 1.03McF
C.tropicalis 1.06McF
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Now microbial suspension of positive control of 3ml of 5 different microorganism is ready.

3.0 ml of 0.4% Quaternary ammonium disinfectant in 5 different glass test tube by labeling the name
of micro organisms we use in this test (S. aureus (MRSA), K. pneumoniae, A. baumannii,
P.aeruginossa, C.tropicalis ) is added.

1 ml of microbial load in each of test tube having pure form of 3 ml Quaternary ammonium disinfectant
by using micropipette is added and mix well.

e  After 5 minutes of incubation : 20 pl with micropipette of sample and streak it into 1 mackonkey agar
labeled as Klebsiella pneumoniae 5 min plate and another 20pul with micropipette pass in 5 ml nutrient
broth labeled as Klebsiella pneumoniae 5 min and also 20 pl of sample from microbial suspension
Klebsiella pneumoniae and added into mackonkey agar plate with nutrient broth tube labeled as positive
control of Klebsiella pneumonia.

e  After 10 minutes of incubation : 20 pl of sample and streaked it onto 1 mackonkey agar labeled as
Klebsiella pneumoniae 5 min plate and another 20ul with micropipette pass in 5 ml nutrient broth
labeled as Klebsiella pneumoniae 10 min.

e After 15 minutes of incubation : 20 pl of sample and streaked it onto 1 mackonkey agar labeled as
Klebsiella pneumoniae 5 min plate and another 20l passed in 5 ml nutrient broth labeled as Klebsiella
pneumoniae 15 min. Same protocol followed with another four organism with this 0.4% Alliance R82

3. By using Aldehyde free disinfectant

Concentration final volume to 10% as per usage in hospitals and laboratories 200ul of Aldehyde free
disinfectant is added into a 20ml of distilled water and final volume of 10% Aldehyde free disinfectant
is made .

By measuring the optical density of 5 different microorganisms suspension with help of VITEK
DENSICHEK instrument is an accessory intended for use with the VITEK 2 Systems.

Table 3 : Optical density of clinical isolates for Aldehyde free disinfectant

Microorganisms Optical density (McF)
S.aureus (MRSA) 1.01McF
K.pneumoniae 1.03McF
A.baumannii 1.05McF
P.aeruginossa 1.08McF
C.tropicalis 1.07McF

By adding 3ml of 10 Aldehyde free disinfectant in 5 different glass test tube by labeling the name of micro
organisms we use in this test ( S.aureus (MRSA), K. pneumoniae, A.baumannii, P.aeruginossa, C.tropicalis )

Add 1 ml of microbial load in each of test tube having pure form of 3 ml Aldehyde free disinfectant by
using micropipette and mix well.

After 5 minutes of incubation : 20 pl of sample and streaked it onto 1 mackonkey agar labeled as Acinetobacter
baumannii 5 min plate and another 20pl with micropipette pass in 5 ml nutrient broth labeled as Acinetobacter
baumannii 5 min and also 20 pl of sample from microbial suspension Acinetobacter baumannii and added into
mackonkey agar plate with nutrient broth tube labeled as positive control of Acinetobacter baumannii.

After 10 minutes of incubation : 20 ul of sample and streaked it onto 1 mackonkey agar labeled as Acinetobacter
baumannii 5 min plate and another 20ul with micropipette and passed in 5 ml nutrient broth labeled as
Acinetobacter baumannii 10 min.

After 15 minutes of incubation : 20 ul of sample and streaked it onto 1 mackonkey agar labeled as Acinetobacter
baumannii 5 min plate and another 20ul with micropipette passed into 5 ml nutrient broth labeled as
Acinetobacter baumannii 15 min. Same protocol followed with another four organism with this 10% Aldehyde
free disinfectant.

3 Results and Discussion:
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Table 4: Summary of results

1. By using Chlorine releasing 5 min 10 min 15 min Positive control
disinfectant incubation incubation incubation

Culture plates - -

Staphylococcus aureus - +
Acinetobacter baumannii - - - +
Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +
Broth culture

Staphylococcus aureus _ _ _ i
Acinetobacter baumannii - - - +
Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +
2. By using Quaternary 5 min 10 min 15 min Positive control
ammonium disinfectant incubation incubation incubation

Culture plates - -

Staphylococcus aureus -

Acinetobacter baumannii - - -

Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +
Broth culture

Staphylococcus aureus _ ) _ +
Acinetobacter baumannii - - - +
Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +
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3. By using Aldehyde free S min 10 min 15 min incubation | Positive control
disinfectant incubation incubation

Culture plates - -

Staphylococcus aureus -

Acinetobacter baumannii - - -

Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +

Broth culture

Staphylococcus aureus - ) - "
Acinetobacter baumannii - - - +
Pseudomonas aeruginossa - - - +
Klebsiella pneumoniae - - - +
Candida tropicalis - - - +

By using Chlorine releasing disinfectant -

Staphylococcus aureus - After 48 hours of incubation

I 2 = y 3 > S S

Positive control Culture after 5 min Culture after 10min Culture after 15min

Fig 1 :In figure culture shows no growth of Staphylococcus aureus in , Smin, 10min and 15 min but culture shows growth

of Staphylococcus aureus in positive control of Staphylococcus aureus after 48 hours of incubation.
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Fig 2: Figure shows no turbidity in negative control of Chlorine releasing disinfectant, Smin, 10min and 15 min

but turbidity is seen in positive control of Staphylococcus aureus after 48 hours of incubation.

Klebsiella pneumoniae — After 48 hours of incubation

Positive Control Culture after 5 min Culture after 10min Culture after 15min

Z Gl Y.

Ritne I i
Fig 3: In figure culture shows no growth of Klebsiella pneumoniae in 5Smin, 10min and 15 min but culture shows growth of
Klebsiella pneumonia in positive control of Klebsiella pneumonia after 48 hours of incubation in positive control.

o e =
Fig 4.: Figure shows no turbidity in negative control of Chlorine releasing disinfectant, Smin, 10min and 15 min

but turbidity is seen in positive control of Klebsiella pneumoniae after 48 hours of incubation.
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Acinetobacter baumannii - After 48 hours of incubation.

)

: L3
—— - e — —_— - = = -
Fig 5: Figure shows no turbidity in negative control of Chorine releasing disinfectant , Smin, 10min and 15 min but turbidity

is seen in positive control of Acinetobacter baumannii after 48 hours of incubation.

Candida tropicalis - After 48 hours of incubation

Positive Control |=| Culture after 5 min

Fig 6: In figure culture shows no growth of Candida tropicalis in S5min, 10min and 15 min but culture shows growth of
Candida tropicalis in positive control of Candida tropicalis after 48 hours of incubation in positive control.

Fig 7: Figure shows no turbidity in negative control of Chorine releasing disinfectant , Smin, 10min and 15 min but turbidity is

seen in positive control of Candida tropicalis after 48 hours of incubation .
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Pseudomonas aeruginossa - After 48 hours of incubation

Fig 8 : Figure shows no turbidity in negative control of Chorine releasing disinfectant, Smin, 10min and 15 min but

turbidity seen in positive control of Pseudomonas aeruginossa .

i 4
Wi o
— . —_—

IS,

Positive control Culture after 5 min Culture after 10 min Culture after 15 min

Fig 9 : In figure culture shows no growth of Pseudomonas aeruginossa in 5min, 10 min and 15 min but culture shows

growth of Pseudomonas aeruginossa in positive control of Pseudomonas aeruginossa after 48 hours of incubation.
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By using Aldehyde free disinfectant Staphylococcus aureus —

After 48 hours of incubation.

Fig 10: In figure culture shows no growth of Staphylococcus aureus in negative control of Aldehyde free
disinfectant, 5min, 10min and 15 min but culture shows growth of Staphylococcus aureus in positive control

of Staphylococcus aureus after 48 hours of incubation.

— ——— =

Fig 11: Figure shows no turbidity in negative control of Aldehyde free disinfectant, Smin, 10min and 15 min but

turbidity is seen in positive control of Staphylococcus aureus after 48 hours of incubation.

10
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Klebsiella pneumoniae - After 48 hours of incubation

)

e

Comre

ot Cullins ot Culldonr o
o~ 10 v 15 v | o
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Fig 12 : In figure culture shows no growth of Klebsiella pneumonia in negative control , Smin, 10min and 15 min

but culture shows growth of Klebsiella pneumonia in positive control of Klebsiella pneumoniae after 48 hours of

incubation.

_— . .
Fig 13: Figure shows no turbidity in negative control of Aldehyde free disinfectant, 5Smin, 10min and 15 min but

turbidity is seen in positive control of Klebsiella pneumoniae after 48 hours of incubation.

3 Discussion

Different countries have regulatory bodies that establish standards and guidelines for disinfectant efficacy testing.
These standards define the testing methods, organisms used, and performance criteria that a disinfectant must meet
to be considered effective.

In Kelsey Sykes test - The disinfectant is challenged by three successive additions of a bacterial suspension during the
course of the test.

All these three disinfectants (chlorine releasing disinfectant, Aldehyde free disinfectant, Quaternary ammonium
compound) used in my project which commonly used in hospitals and laboratories.

11
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These are very effective in inhibiting the growth of the selected bacterial strains at 5 min, 10min and 15 min of
incubation.

As firstly test was performed on chlorine releasing disinfectant which show very high tendency of inhibiting the
growth at 5 minutes of incubation, 10 minutes of incubation and 15 minutes of incubation. After 48 hours of
incubation there is not any bacterial growth on the on the cultures of mackonkey agar and turbidity in nutrient
broth. As already discussed above that the recommendation time of contact of chlorine releasing disinfectant is 10
min. So in this experiment disinfectant was also cultured at 5 min time of contact after 48 hours of incubation
which means this disinfectant is also effective at 5 minutes of time of contact.

Secondly test was performed on aldehyde free disinfectant which show very high tendency of inhibiting the growth
at 5 minutes of incubation, 10 minutes of incubation and 15 minutes of incubation. After 48 hours of incubation
there is not any bacterial growth on the on the cultures of MacConkey agar and turbidity in nutrient broth. As
already discussed above that the recommendation time of contact of aldehyde free disinfectant is 10 min. So, in
this experiment disinfectant was also cultured at 5 min time of contact after 48 hours of incubation which means
this disinfectant is also effective at 5 minutes of time of contact.

At last test was performed on quaternary ammonium disinfectant which show very high tendency of inhibiting
the growth at 5 minutes of incubation, 10 minutes of incubation and 15 minutes of incubation. After 48 hours of
incubation there is not any bacterial growth on the on the cultures of MacConkey agar and turbidity in nutrient
broth. As already discussed above that the recommendation time of contact of on quaternary ammonium
disinfectant is 10 min .

So in this experiment disinfectant was also cultured at 5 min time of contact after 48 hours of incubation which
means this disinfectant is also effective at 5 minutes of time of contact.

As It did not show any culture growth in all culture and no turbidity in nutrient broth the rate of the inhibition of
these products was also higher than the recommendation time of contact. Therefore, the usage of these
disinfectants (Chlorine releasing disinfectant, Quaternary ammonium compound, Aldehyde free disinfectant) are
showing better effectiveness to ensure having high quality disinfectants for hospitals and the community.

So, in this project Kelsey Sykes method is used to perform which is the triple-challenge test is used to find the
optimal disinfectant concentrations for both unclean and clean environments. Throughout the process, the
disinfectant is added to a bacterial suspension three times in succession.

It takes minimum 15-20 minutes to complete the test which is time saving, easy to perform at any clinical setup,
no more equipments and instruments is needed but some cons of this test are that pH may affect the action of
disinfectant by entered into a microbial suspension of different bacterial isolates, the contact between aqueous
solution of disinfectant is increased if they have surfactant properties [49].

Disinfectants have specified contact times and concentrations recommended by manufacturers. These parameters
are crucial as they influence the efficacy of the product. Insufficient contact time or inadequate concentration may
reduce the disinfectant's effectiveness.

There are some factors which generally make a significant impact on efficacy of disinfectants

1. Contact Time: Contact time refers to the duration that a disinfectant needs to remain in contact with the
surface or area being treated to effectively kill or inactivate microorganisms. Different disinfectants have specified
contact times recommended by manufacturers, and it is crucial to follow these instructions. Inadequate contact
time can result in incomplete disinfection, as the microorganisms may not be exposed to the disinfectant for a
sufficient period to be effectively eliminated.

2. Concentration: Disinfectants are formulated at specific concentrations, and using the correct
concentration is vital for achieving effective disinfection. The concentration of a disinfectant determines its
potency and ability to kill or inactivate microorganisms. Using a higher concentration than recommended may not
necessarily improve efficacy and can lead to safety concerns, such as increased toxicity or corrosiveness.
Conversely, using a lower concentration may not effectively eliminate microorganisms. Adhering to the
recommended concentration ensures optimal disinfection results.

3. Real-World Application Conditions: Disinfection in real-world settings is influenced by various
environmental conditions that can impact efficacy. Some of these conditions include:

Organic Matter: Presence of organic matter, such as blood, saliva, or feces, on surfaces can reduce the effectiveness
of disinfectants. Organic matter can act as a physical barrier and interfere with the contact between the disinfectant
and microorganisms. Thorough cleaning and removal of organic matter before disinfection are essential for
optimal efficacy.

Temperature: Disinfectants may exhibit different efficacy at various temperatures. Some disinfectants work better
at specific temperature ranges, and deviations from the recommended temperature may affect their effectiveness.
It is important to consider temperature requirements and ensure appropriate conditions during disinfection.

12
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4.Humidity: High humidity levels can impact the drying time of disinfectants, potentially affecting their efficacy.
Additionally, certain microorganisms may be more resistant to disinfection in high humidity environments.
Adapting disinfection practices to accommodate varying humidity conditions can help maintain efficacy.

Adhering to manufacturer instructions and recommended practices is crucial for achieving optimal disinfection
results. Manufacturers provide specific guidelines regarding contact time, concentration, and application
procedures based on rigorous testing and scientific data. Following these instructions ensures that the disinfectant
is used correctly and maximizes its efficacy[50].

By considering these factors and following recommended practices, disinfectants can be applied effectively,
leading to successful microbial control and improved infection prevention in various settings, such as healthcare
facilities, households, and public spaces.

4 Conclusion

There are many types of methods to check efficacy of different types of disinfectants which are used in studies to
demonstrate the efficacy of disinfectants used on surfaces in manufacturing areas, laboratories and other facility
areas are effective in inactivation or removal of microorganisms, such as bacteria, fungi (yeast and molds),
bacterial spores, viruses and mycoplasma. Disinfectant studies can support cleaning studies by showing that
application of the disinfectant reduces or eliminates microorganisms, but they should not be considered a substitute
for establishing that the cleaning agents and physical cleaning actions are acceptable. So in this project
disinfectants shows very good response against different microorganisms and inhibit its growth within few
minutes of time of contact . It means that these three disinfectants ( Chlorine releasing disinfectant, Quaternary
ammonium compound, Aldehyde free disinfectant ) can be used anywhere in hospitals, laboratories and surgical
area which can decontaminant the surfaces very easily.

5 References

[1].  MONTES, LEOPOLDO F., and WALTER H. WILBORN. "Location of bacterial skin flora." British
Journal of Dermatology 81 (1969): 23-26.

[2].  McKenry, Leda M., and Evelyn Salerno. "Mosby's pharmacology in nursing." (No Title) (2006).

[3]. Rutala, William A. "Disinfection, sterilization and waste disposal." Prevention and control of nosocomial
infections 2 (1997): 460-95.

[4]. De Wit, Emmie, Neeltje Van Doremalen, Darryl Falzarano, and Vincent J. Munster. "SARS and MERS:
recent insights into emerging coronaviruses." Nature reviews microbiology 14, no. 8 (2016): 523-534.

[5]. World Health Organization, ( 2020. Transmission of SARS-CoV-2: implications for infection prevention
precautions: scientific brief, 09 July 2020. No. WHO/2019-
nCoV/Sci_Brief/Transmission_modes/2020.3. World Health Organization, 2020

[6]. Kampf, Glnter, Daniel Todt, Stephanie Pfaender, and Eike Steinmann. "Persistence of coronaviruses on
inanimate surfaces and their inactivation with biocidal agents." Journal of hospital infection 104, no. 3
(2020): 246-251.

[7]1. CDC, Steam Sterilization. "Guideline for Disinfection and Sterilization in Healthcare Facilities.
(2022).

[8].  World Health Organization. "First data on stability and resistance of SARS coronavirus compiled by
members of WHO laboratory network." (2003).

[9]. Robert Koch-Institut. Empfehlung des Robert Koch-Institutes fiir die Hygienema fnahmen und
Infektions kontrollebei Patientenmit Schwerem Akutem Respiratorischem Syndrom (SARS). Berlin: Robert
Koch-Institut; 2003.

[10]. Prabhakar, P. K., & Lakhanpal, J. Recent advances in the nucleic acid-based diagnostic tool for
coronavirus. Molecular Biology Reports, 47, 9033-9041(2020).

[11]. Ewart, S. L. "Disinfectants and control of environmental contamination." Large Animal Internal
Medicine: diseases of horses cattle, sheep and goats (2001): 1371-1380.

[12]. Maris, P. "Modes of action of disinfectants." Revue scientifique et technique (International Olffice of
Epizootics) 14, no. 1 (1995): 47-55.

[13]. Dellanno, Christine Bernadette. "The Antiviral Action of Common Household Disinfectants and
Antiseptics Against Murine Hepatitis Virus." (2006).

[14]. Prabhakar, P. K. Bacterial siderophores and their potential applications: a review. Current Molecular
Pharmacology, 13(4), 295-305(2020).

[15]. Wood, A., and D. Payne. "The action of three antiseptics/disinfectants against enveloped and non-
enveloped viruses." Journal of Hospital Infection 38, no. 4 (1998): 283-295.

13



BIO Web of Conferences 86, 01052 (2024) https://doi.org/10.1051/biocont/20248601052
RTBS-2023

[16]. McDonnell, Gerald, and A. Denver Russell. "Antiseptics and disinfectants: activity, action, and
resistance." Clinical microbiology reviews 12, no. 1 (1999): 147-179.

[17]. Kampf, G., M. Rudolf, J-C. Labadie, and S. P. Barrett. "Spectrum of antimicrobial activity and user
acceptability of the hand disinfectant agent Sterillium® Gel." Journal of Hospital Infection 52, no. 2
(2002): 141-147.

[18]. Al-Sayah, Mohammad Hussein. "Chemical disinfectants of COVID-19: an overview." Journal of water
and health 18, no. 5 (2020): 843-848.

[19]. Nandi, D., Sharma, A., & Prabhakar, P. K. (2020). Nanoparticle-assisted therapeutic strategies for
effective cancer management. Current Nanoscience, 16(1), 42-50.

[20]. Prabhakar, P. K. (2020). Hypoglycemic potential of mushroom and their metabolites. In New and Future
Developments in Microbial Biotechnology and Bioengineering (pp. 197-208). Elsevier.

[21]. Stuart, Jamie, John Chewins, and Jason Tearle. "Comparing the efficacy of formaldehyde with hydrogen
peroxide fumigation on infectious bronchitis virus." Applied Biosafety 25, no. 2 (2020): 83-89.

[22]. Imlay, James A., Sherman M. Chin, and Stuart Linn. "Toxic DNA damage by hydrogen peroxide through
the Fenton reaction in vivo and in vitro." Science 240, no. 4852 (1988): 640-642.

[23]. Addie, Diane D., Corine Boucraut-Baralon, Herman Egberink, Tadeusz Frymus, Tim Gruffydd-Jones,
Katrin Hartmann, Marian C. Horzinek et al. "Disinfectant choices in veterinary practices, shelters and
households: ABCD guidelines on safe and effective disinfection for feline environments." Journal of
feline medicine and surgery 17, no. 7 (2015): 594-605.

[24]. Al-Kuraishy, H. M., Al-Gareeb, A. 1., Mostafa-Hedeab, G., Dubey, R., Prabhakar, P. K., & Batiha, G. E.
S. (2023). COVID-19 and diabetes: will novel drugs for diabetes help in COVID-19?. Current Molecular
Pharmacology, 16(4), 494-506.

[25]. Russell, A. D. "Bacterial spores and chemical sporicidal agents." Clinical microbiology reviews 3, no. 2
(1990): 99-119.

[26]. Dychdala, G. R. "Disinfection, sterilization, and preservation." Chlorine and chlorine compounds (2001):
135-137.

[27]. Baker, Nancy, Antony J. Williams, Alexander Tropsha, and Sean Ekins. "Repurposing quaternary
ammonium compounds as potential treatments for COVID-19." Pharmaceutical \research 37 (2020): 1-
4.

[28]. Schrank, Cassandra L., Kevin PC Minbiole, and William M. Wuest. "Are quaternary ammonium
compounds, the workhorse disinfectants, effective against severe acute respiratory syndrome-
coronavirus-2?." ACS infectious diseases 6, no. 7 (2020): 1553-1557.

[29]. Gerba, Charles P. "Quaternary ammonium biocides: efficacy in application." Applied andenvironmental
microbiology 81, no. 2 (2015): 464-469.

[30]. Maris, P. "Modes of action of disinfectants." Revue scientifique et technique (International Office of
Epizootics) 14, no. 1 (1995): 47-55.

[31]. Sozzi, Emanuele, Mahnoor Baloch, Joseph Strasser, Michael B. Fisher, Mats Leifels, Juan Camacho,
Nadia Mishal et al. "A bioassay-based protocol for chemical neutralization of human faecal wastes treated
by physico-chemical disinfection processes: A case study on benzalkonium chloride." International
Journal of Hygiene and Environmental Health 222, no. 2 (2019): 155-167.

[32]. Rabenau, HolgerF, Giinter Kampf, Jindrich Cinatl, and Hans Wilhelm Doerr. "Efficacy ofvarious
disinfectants against SARS coronavirus." Journal of Hospital Infection 61, no. 2 (2005): 107-111.

[33]. Sastry, Apurba Sankar, and Sandhya Bhat. Essentials of medical microbiology. JP Medical Ltd, 2018.

[34]. World Health Organization. "Benefits and risks of the use of chlorine-containing disinfectants in food
production and food processing: report of a joint FAO/WHO expert meeting, Ann Arbor, MI, USA, 27-

30 May 2008." (2009).

[35]. Noorimotlagh, Zahra, Seyyed Abbas Mirzaee, Mojtaba Kalantar, Barat Barati, Mahdi Emamian Fard, and
Nozar Kalantar Fard. "The SARS-CoV-2 (COVID-19) pandemic in hospital: an insight into
environmental surfaces contamination, disinfectants’ efficiency, and estimation of plastic waste
production." Environmental research 202 (2021): 111809.

[36]. Artasensi, Angelica, Sarah Mazzotta, and Laura Fumagalli. "Back to basics: Choosing the appropriate
surface disinfectant." Antibiotics 10, no. 6 (2021): 613.

[37]. McDonnell, Gerald E. Antisepsis, disinfection, and sterilization: types, action, and resistance. John Wiley
& Sons, 2020.

[38]. Tischer, Maximilian, Gabriele Pradel, Knut Ohlsen, and Ulrike Holzgrabe. "Quaternary ammonium salts
and their antimicrobial potential: targets or nonspecific interactions?." ChemMedChem 7, no. 1 (2012):
22-31.

[39]. Umezawa, Kazuo, Satomi Asai, Sadaki Inokuchi, and Hayato Miyachi. "A comparative study of the
bactericidal activity and daily disinfection housekeeping surfaces by a new portable pulsed UV radiation
device." Current microbiology 64 (2012): 581-587.

14



BIO Web of Conferences 86, 01052 (2024) https://doi.org/10.1051/biocont/20248601052
RTBS-2023

[40]. Alajlan, Abdullah A., Lenah E. Mukhtar, Adnan S. Almussallam, Abdullah M. Alnuqaydan, Nasser S.
Albakiri, Turki F. Almutari, Khalid M. Bin Shehail, Fahad S. Aldawsari, and Sulaiman M. Alajel.
"Assessment of disinfectant efficacy in reducing microbial growth." Plos one 17, no. 6 (2022): €0269850.

[41]. Jung, Benjamin, and Gilles J. Hoilat. "MacConkey medium." In StatPearis [Internet].StatPearls
Publishing, 2022.

[42]. Kolhapure, S. A. "Evaluation of the antimicrobial efficacy and safety of purchands herbal hand sanitizer
in hand hygiene and on inanimate objects." Antiseptic 101, no. 2 (2004): 55-57.

[43]. Manaye, Gizachew, Desalegn Muleta, Andualem Henok, Abyot Asres, Yitagesu Mamo, Desalegn
Feyissa, Fikadu Ejeta, and Wondwossen Niguse. "Evaluation of the efficacy of alcohol-based hand
sanitizers sold in Southwest Ethiopia." Infection and Drug Resistance (2021): 547-554.

[44]. World Health Organization. "World Health Organization Coronavirus (COVID-19) Dashboard." World
Health Organization, Geneva, Switzerland. https://covidl9. who. int (2022).

[45]. Peleg, Anton Y., and David C. Hooper. "Hospital-acquired infections due to gram-negative bacteria."
New England Journal of Medicine 362, no. 19 (2010): 1804-1813.

[46]. Jain VM. 2021 Jain, Vardhaman Mulchand, Gundabaktha Nagappa Karibasappa, Arun Suresh Dodamani,
Vishwakarma K. Prashanth, and Gaurao Vasant Mali. "Comparative assessment of antimicrobial efficacy
of different hand sanitizers: An in vitro study." Dental research journal 13, no. 5 (2016): 424.

[47]. McDonnell, Gerald, and A. Denver Russell. "Antiseptics and disinfectants: activity, action, and
resistance." Clinical microbiology reviews 14, no. 1 (2001): 227.

[48]. Haseeb, Ridwan, Michael Lau, Max Sheah, Francisco Montagner, Gina Quiram, Kelli Palmer, Mihaela
C. Stefan, and Danieli C. Rodrigues. "Synthesis and characterization of new chlorhexidine-containing
nanoparticles for root canal disinfection." Materials 9, no. 6 (2016): 452.

15



