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ORIGINAL ARTICLE

ACETIC ACID VERSUS CHLORINE TABLET SOLUTION AS
DISINFECTANT OF NON-CRITICAL ENVIRONMENTAL
SURFACES

ABSTRACT

Obijectives: This study aims to determine the bactericidal activity of 4% acetic
acid versus chlorine tablets against gram negative and gram-positive
microorganisms based on percentage reduction of microorganisms in hospital
surfaces and suggest that it may be an effective alternative disinfectant.
Methodology: This was an experimental study where microbiological sampling of
hospital surfaces was used to determine bacterial growth. The study was
conducted from November to December 2020 at National Children’s Hospital, a
200 bed capacity tertiary government hospital catering to children 0 to less than
19 years old. Non-critical hospital surfaces such as beds, bed rails and bedside
tables were swabbed before and after intervention cleaning with chlorine tablets
or 4% acetic acid solution.

Result: Pre-swabbing, hospital surfaces showed the presence of Bacillus sp.,
Klebsiella - pnenmoniae and Coagulase Negative Staphylococcus (CONS). Post-
application of 4% acetic acid solution resulted to 100% reduction of Bacillus sp.,
70.8% reduction of CONS, and 19.5% reduction of Kilebsiella pneumoniae while
post-application of chlorine tablet solution showed 100% reduction of Klebsiella
preumoniae and CONS and 95.2% reduction of Bacillus species.

Conclusion: The use of 4% acetic acid solution significantly reduced more gram-
positive than gram-negative organisms and is a highly effective disinfectant against
Bacillus sp. but is not effective against gram-negative organisms as it does not fulfil
the criteria of at least 90 percent reduction in bacterial growth. Chlorine tablet
solution is a more effective disinfectant against gram-negative organisms than
gram-positive organisms. Acetic acid 4% solution is not an effective alternative
disinfectant to chlorine tablet solution, the currently used hospital disinfectant,
but maybe used as an adjunct for better reduction of hospital environmental
pathogens.
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cleaning and disinfection of environmental surfaces

§~‘“‘\‘ ‘ By Pediatric Infectious Disease Society of the Philippines Journal
g ﬂmg Vol 22 No 2, pp_). 93-.99 July-DecemFJer 2021 . N N .
a"’»,,,,/_wm_\\\f; Basco AS. Acetic Acid Versus Chlorine Tablet Solution as Disinfectant of Non-Critical Environmental Surfaces
INTRODUCTION
Healthcare Associated Infections (HAIs) or in healthcare facilities to decrease HAI rates.® There
nosocomial infections are infections acquired during are many disinfectants that are widely used to clean
hospital  surfaces such as glutaraldehyde,
formaldehyde and chlorine compounds, but a study
done by Cortesia et al. showed that vinegar has been
thousands of years as a common
disinfectant.’ Currently, the hospital uses chlorine

hospitalization that were not present during the
time of admission.' It is a serious public health
consequences both
used for
tablet compound as the standard cleaning solution.

significant
This study aims to determine the bactericidal activity

of 4% acetic acid versus chlorine tablets against

individually and economically. It posts a great risk on
gram-negative and gram-positive microorganisms

problem with
the quality of care for patients and is responsible for

high morbidity and mortality rates. A report released
based on percentage reduction of microorganisms in

hospital surfaces and suggest that it may be an

of

by the WHO last 2011 showed that HAIs occur in 7
and 10 out of every 100 hospitalized patients in high
and low to middle-income countries respectively.” As
a consequence, HAls lead to prolonged hospital stay
of patients.
The hospital environment is widely and naturally effective alternative disinfectant.
contaminated with microorganisms. These
dwell on inanimate surfaces MATERIALS AND METHODS
This is an experimental study where
microbiological sampling was used to determine the
bacterial growth in selected non-critical hospital
surfaces. The study was conducted from November
2020 to December 2020 at a 200 bed Tertiary

microorganisms
surrounding a patient and pose a risk of transmitting
these microorganisms to them. In a study done by
Weber et al.,, he found that organisms such as
Methicillin-resistant Staphylococcus aureus (MRSA),
Enterococcus spp. (VRE),
and Government Hospital, which caters to children 0 to
less than 19 years old. The study was done in the
General ward with the greatest number
healthcare associated infections for the month as
validated by the Infection Prevention and Control
Committee (IPCC). The study was done with routine
terminal cleaning. A staff member from the janitorial
service responsible for terminal cleaning was chosen
and properly instructed by the trained and qualified
supervisor on the correct process of disinfection.
Return demonstration was done to ensure that the
Microbiological

Vancomycin-resistant
Pseudomonas spp., Acinetobacter spp.,
Norovirus can survive for days to weeks on dry
inanimate surfaces, while C. difficile spores survive
for months on environmental surfaces.® If the
hospital environment is not properly cleaned and
disinfected, these organisms pose a risk to newly

was followed.

admitted patients.
it includes bed rails,

Noncritical environmental surfaces are objects
which come in contact with intact skin, but not

correct process
sampling through swabbing taken before and 1 hour
post-application of 4% acetic acid or chlorine tablet
solution was done to determine the number of
found in selected non-critical
hospital surfaces. The protocol was submitted and

mucous membranes, and

bedside tables and floors. A study done by Huslage
microorganism

approved by the Institutional Review Board of the

et al. stated that the top five most touched surfaces
in hospitals are bed rails, bed surfaces, supply carts,
over-bed tables and intravenous pumps based on
frequency of contact.* Environmental surfaces
frequently touched by hand could potentially
secondary  transmission by
hospital.
Selection of Environmental Surface
A general ward was selected by the hospital IPCC
for routine terminal cleaning. In the designated
room, non-critical hospital surfaces which include 3
94

to
contaminating the hands of healthcare workers, thus
of each of the bed, bedrail, and bedside table were

contribute
disinfection of the patient’s environment is critical to
reduce the risk of healthcare associated infections.”
Healthcare Associated Infection Rate is an
important measure to evaluate the quality of service
delivery in health care facilities. Through the years,
consensus to improve

there has been several
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Statistical Analysis
Levene test for equality of variances was used to
calculate if 4% acetic acid is equivalent to chlorine

randomly selected and underwent cleaning with a
solution and can be an alternative disinfectant.

Ly

soap solution (200g detergent powder in 1 gallon of
tap water). Note that in our hospital, monthly water

analysis is done and water from the faucet was
noted free from coliform bacteria. Cleaning was

done by rubbing a damp cloth three times for at
least 15 seconds over the surface and allowed to dry.
Another clean damp cloth was used to remove the
soap solution residue and allowed to dry. The clean
individually

Significance was defined as p<0.05.

RESULTS
A representative from each of the non-critical
hospital surfaces often touched by patients were

included in the study, namely the bed, bed rail and

bedside table. Swabbing was done post-cleaning
Table 1 shows the
load

used was bought
with soap and water.
microorganisms isolated and the bacterial
measured in colony forming units. Majority of
Coagulase Negative
and Klebsiella

wrapped, then washed with a detergent powder,
were

cloth that was

and hanged out to dry prior to use. Pre-intervention

swab was done within 15 minutes after cleaning.
surfaces with no bacterial

bacteria seen

Staphylococcus, Bacillus species

Coagulase Negative Staphylococcus

species was seen on all non-critical surfaces in the

pneumoniae.
study. Klebsiella pneumoniae had the most number

Non-critical hospital
growth in the culture prior to application of any
solution were withdrawn from the study.
Application of Solution
agents used were commercially
available acetic acid (350 ml Datu Puti) with 4%
of colonies seen on the bed rail with 9000 cfu after
24 hours of incubation. The bed and bed rail had the

Cleaning
acetic acid content, and chlorine tablet solution
greatest number of bacteria seen.

Table 1: Bacterial growth pre-application of acetic acid or chlorine
Colonies

(Biospot effervescent chlorine tablets from the
hospital Central Supply Unit) prepared as one 3.25
grams tablet dissolved in 1 liter of tap water. The
non-critical hospital surfaces selected were then
divided into two parts and assigned randomly for a
particular solution. A clean damp cloth was soaked in  tablet solution
solution (either 250 ml of 4% acetic acid solution or Surface Bacteria
250 ml of chlorine tablet solution) and was rubbed Bed Bacillus sp. : 6000 cfu
three times on the surface for at least 15 seconds Coagulase Negative 3000 cfu
and left for 1 hour. After an hour, another clean dry iizzzll?;;;z:snjzhiae 3000 cfu
Cl?th 'Was. used t(,) WIF_)e any  residue, an'd Bed Rail Klebsiella pneumoniae 9000 cfu
microbiological sampling using a swab was done in Coagulase Negative 5000 cfu
triplicate within 15 minutes. Staphylococcus sp.
Bacillus sp. 1000 cfu
Bedside Coagulase Negative 3000 cfu
Table Staphylococcus sp.

Microbiological Sampling
Microbiological sampling and swabbing was done
by a single hospital medical technologist who was
blinded on the surface under study. Uniform
swabbing of each non-critical hospital surface was
done using horizontal strokes until all surfaces were
covered. Each swab was then cultured in a trypticate

soy broth and McConkey agar in the laboratory. Agar
plates were incubated overnight and were examined

the next day for any bacterial growth.
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Figure 1 shows the colonies of bacteria as seen
on the agar plate after 24 hours of incubation pre-
application of solution. Figure 1-A shows the
colonies of Klebsiella pneumoniae, Coagulase
Negative Staphylococcus sp., and Bacillus sp. seen on
the bed rail. Figure 1-B shows the colonies of Bacillus
sp., Coagulase Negative Staphylococcus sp., and
Klebsiella pneumoniae seen on the bed. Figure 1-C
shows the colonies of Coagulase Negative
Staphylococcus sp. seen on the bedside table.

Figure 1: Bacterial colony pre-application of solutio. 1-A Colony
growth on bed rail. 1-B Colony growth on bed. 1-C Colony growth on
bedside table.

The mean colony count on all surfaces
contaminated with a specific bacterium and the
percent reduction after application of 4% acetic acid
solution is shown in Table 2. There was 100%
reduction of Bacillus species, 70.8% reduction of
Coagulase Negative Staphylococcus species, and
19.5% reduction of Klebsiella pneumoniae after
application of 4% acetic acid solution.

Table 2: Bacterial reduction post-application of 4% acetic acid solution
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Table 3: Percent bacterial reduction post-application of chlorine tablet
solution

Bacteria Pre- Post- Percent
Application | Application Reduction
(mean (mean (%)
colony colony
count) cfu count) cfu
Klebsiella 6000 0 100
pneumoniae
Coagulase Negative 2667 0 100
Staphylococcus sp.
Bacillus sp. 3500 167 95.2

Table 4 shows the percent reduction in bacterial
load post-application of the two solutions. Acetic
acid 4% solution was better in reducing Bacillus sp.
compared to chlorine tablet solution. However,
chlorine tablet solution was far more superior in

reducing Klebsiella pneumonia.

Table 4: Comparison of percent reduction in bacterial load with 4%
acetic acid solution vs chlorine tablet solution

Bacteria Percent Percent Reduction
Reduction in in Bacterial Load
Bacterial Load with Chlorine
with 4% Acetic Tablet Solution
Acid Solution (%) (%)
Bacillus sp. 100 95.2
Coagulase Negative 70.8 100
Staphylococcus sp.
Klebsiella 19.5 100
pneumoniae

Table 5 shows the Levene Test for Equality of
Variances. All p-values obtained were greater than

Bacteria Pre- Post- Percent
Application Application | Reduction
(mean colony | (mean colony (%)

count) cfu count) cfu

Bacillus sp. 3500 0 100

Coagulase 2667 778 70.8

Negative

Staphylococcus sp.

Klebsiella 6000 4833 19.5

pneumoniae

Table 3 shows the mean bacterial load measured
in colony forming units and the percent reduction
after application of chlorine tablet solution.

0.05.
Table 5: Levene Test for Equality of Variances
Bacteria Solution Percentage | p-Value
Reduction

Bacillus sp. 4% Acetic Acid 100 .363
Chlorine Tablet 95.2

Coagulase Negative | 4% Acetic Acid 70.8 .084

Staphylococcus sp. | Chlorine Tablet 100

Klebsiella 4% Acetic Acid 19.5 .064

pneumoniae Chlorine Tablet 100
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chlorine at 1000ppm could kill M. Tuberculosis.* The
CDC requires that the concentration of chlorine to
be effective for infection control be either 5000-
chlorine

6000ppm or 500-600ppm depending on its intended
study a 1000ppm

2 For this
concentration was used for general disinfection of
of microorganism and

DISCUSSION
Healthcare Associated Infections (HAls) are one
of the major causes of morbidity and mortality
this tertiary
use

among hospitalized patients. In
Government Hospital where the study was
conducted, HAI is one of the main causes of
prolonged hospital stay. To address the burden of non-critical hospital surfaces.
HAls, the hospital Infection Control Committee The contact time
environmental disinfectant that was used in the study was 1 hour.
This gave a longer contact time for the disinfectant
and the surface under study. A study done by Abreu
et al. showed that for a disinfectant to be effective, a
contact exposure of at least 5-10 minutes is
needed.”” A case study done in St. Paul Hospital,

emphasizes strict hand washing,

cleaning, disinfection, and patient monitoring &
Tuguegarao City showed that vinegar inhibits growth

of microorganisms after at least 30 minutes to 2

surveillance.
cleaning found that there was lack of time spent in

cleaning the hospital environment. This suggests
that suboptimal cleaning and disinfection practices

A study done by Boyce on environmental
cause persistent contamination and increases risk

hours of exposure to disinfectant.!!

In this study, pre-intervention swabbing was
done to document the organisms found on hospital
surfaces and its  microbial load. Three

microorganisms were isolated namely Bacillus

species and Coagulase Negative Staphylococcus
species, both gram-positive organisms, and Klebsiella
pneumoniae, a gram-negative organism. Findings in

our study differ from the study done by Zubair et al.
at a hospital in Pakistan which showed that most

organisms seen in hospital surfaces pre-disinfection

for resistant pathogens.6
The Centers for Disease Control and Prevention
(CDC) stresses the importance of the environment in
transmitting microorganisms and recommends that
surfaces near patients be properly disinfected.?
acquired

showed that hospital

studies
pathogens often contaminate non-porous surfaces
were mainly gram-negative bacteria (56.7%). In our
species

Many
such as beds, bedside tables, rails and medical

the disinfectant, and
microorganisms to the disinfectant.’® In this study,
the concentration used was 4% acetic acid since a
in Tuguegarao City,

equipments.9 This was consistent with our study
where both gram-negative and gram-positive
bacteria were isolated on the beds and bed rails. The
beds and bed rails are often touched by both the
patient and healthcare provider, thus cross- study, the most frequent organism isolated was
contamination is a possibility especially when hand Coagulase  Negative  Staphylococcus
hygiene practices are not done properly. comprising 42.9% of isolates. This is consistent with
The CDC states that there are many factors that the study done at a hospital in Nigeria and Pakistan
can affect the efficacy of disinfection, such as type where CONS was frequently seen in 28.3% and
22.3% of isolates, respectively. In our study, gram-
time of negative organisms were seen on bed surfaces,
consistent with the study of Zubair.*®
For the year 2019, the top causes of Healthcare
in our institution were

and level of microbial contamination, concentration
of exposure
in a hospital Associated Infections
Coagulase Negative Staphylococcus and Klebsiella
pneumoniae, similar to the pathogens isolated in our
study. Klebsiella pneumoniae is one of the most
common resistant organisms based on data
collected by the Infection Prevention and Control
Committee of the hospital for the year 2019. Weber
et al. showed that some organisms can survive on
97

Philippines found that acetic acid concentration of
surfaces for weeks and spores survive for months,

study done

4-7% is effective as a disinfectant in non-critical
is commercially available in

A study from the CDC showed that

hospital surfaces and
11,12
low chlorine concentrations of <5ppm and 25ppm

the market.
would have biocidal effect on vegetative bacteria

and Mycoplasma sp. respectively in the setting of an
absent organic load, and a higher concentration of
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CONCLUSION AND RECOMMENDATIONS
In conclusion, our study showed that there is a
significant reduction in the growth of gram-positive
bacteria compared to gram-negative bacteria post-
application of 4% acetic acid solution, which makes it
an effective disinfectant against Bacillus sp. It is not
an effective disinfectant for gram-negative bacteria
since it does not fulfil the criteria of at least 90
percent reduction in bacterial growth to be qualified

2 Vol 22 No 2, pp. 93-99 July-December 2021

importance of proper disinfection of

e

patient’s surroundings coupled with hand hygiene

thus the

for all persons in charge of the patient to prevent

cross-contamination and infection with multidrug
used to measure the

as an effective disinfectant. On the other hand,

is a more effective

organisms

resistant organisms.>
reduction was
effectiveness of a disinfectant. Effectiveness of a
of

Log
disinfectant starts with a 1 log reduction which is
reduction
solution
gram-negative

chlorine tablet
disinfectant  against
compared to 4% acetic acid. Acetic acid 4% solution
cannot be used as an alternative disinfectant to
chlorine tablet solution, the currently used hospital
disinfectant, but maybe used as an adjunct for better
reduction of hospital environmental pathogens.

equivalent to 90 percent
microorganisms. The effectiveness of a disinfectant
goes high as the log reduction increases. In our
study, chlorine tablet solution was highly effective
against gram-negative and gram-positive organisms.
This is consistent with a study done by Rweyendala

et al. which showed that chlorine tablet solution
resulted to a 99.99% reduction in Pseudomonas
ageruginosa, as well as Candida albicans,
Staphylococcus aureus, Streptococcus mutans and
Bacillus subtilis spores.17 In our study, 4% acetic acid
solution was effective against gram-positive
organisms consistent with the case study done at St.
Paul Hospital, Tuguegarao City.11 The present study
also proved that 4% acetic acid solution is a more
effective disinfectant compared to chlorine tablet
solution against Bacillus species, which was seen in
both the bed and bed rail surfaces. This means that
4% acetic acid solution is clinically significant in
reducing gram-positive microorganisms more than

gram-negative bacteria.
type and level of microbial contamination and its
grew on

The efficacy of a disinfectant is affected by the
exposure time. However, this study had a limited
microorganisms  that

of

range
environmental surfaces and only a single exposure
time-point was used to test the effectiveness of the

solutions.

Levene Test for Equality of Variances was used to
identify if there is a significant difference in terms of
percentage reduction in bacterial growth between
surfaces where the two solutions were applied. All p-

values were noted to fall above 0.05, thus there is no
statically significant difference between 4% acetic
in terms of

acid and chlorine tablet solution
percentage reduction of microorganisms.
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