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Nosocomial infections are enhanced due to a flop in the infection control processes such as
disinfection. The aim of this study was to assess long term effectiveness and the stability of
disinfectants currently used within healthcare settings in Accra, Ghana against two indicator
pathogens. Two locally produced and two imported disinfectants usually used in health care settings
were obtained. The efficacy and long-term stability of the disinfectants was done using the in-use
method, with identified microbial culture isolates of Pseudomonas aeruginosa and Staphylococcus
aureus. Counts of both test organisms (Pseudomonas aeruginosa and Staphylococcus aureus) were
over and above the 5 2 CFU recommended standard. All the disinfectants failed the test. However,
contamination was observed to be higher in local disinfectants as compared to those imported.
Furthermore, Enterobacter spp was isolated as contaminant from one imported disinfected and Proteus
spp was also isolated from one local disinfectant. Interestingly, one of the imported disinfectants
(Disinfectant I) showed more stability and was effective in the long term. All disinfectants did not pass
the in-use test. However, disinfectants that are produced locally are more unstable and ineffective.
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INTRODUCTION

Disinfectants are widely used in hospitals and various
health care facilities for diverse applications, including
topical as well as hard surface. Generally, they are
important part of infection control practices and help in
the prevention of hospital acquired infections (HAI) or
nosocomial infections (Cadnum et al.,, 2017; Liu and

Dickter, 2020; Rutala, 1951; Ling, 2020). HAI are one of
the foremost infectious diseases that present an
enormous economic effect globally (Barrasa-Villar et al.,
2017; Kollef et al., 2021). HAI accounts for the
hospitalization of about two (2) million people worldwide
annually (Abbasi et al., 2010). Empirical evidence shows
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Table 1. Composition and pH of the concentrated product.
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Disinfectant  Active ingredient

Concentration (%)  pH of concentrated product

| Dichloro-meta-xylenol 65 7
Chloroxylenol gg
Il Oleum pini Aromaticum Isopropyl Alcohol 9'4 11
tail '
Sapo vegetails 56
1] Chlorine 70 8
\Y Chlorine 33 8.3
that the occurrence of HAI is more than two folds higher is further reflected in contaminated in stock of

in the developing world (Nasiri et al., 2021; Nejad et al.,
2011). The hospital environment serves as an essential
reservoir for various infectious microorganisms. Thus, the
prevention and control of HAI is a matter of grave
concern and a key challenge to contend with (Liu and
Dickter, 2020; Ling, 2020). This is because within the
health care environment, inanimate objects are potential
conduits for the  transmission of infections
microorganisms. However, disinfection provides the
avenue in to help break the epidemiological sequence of
infections (Liu and Dickter, 2020). Disinfection involves
the application of chemical agents to remove
microorganisms, except spores of bacteria (Liu and
Dickter, 2020; Ling, 2020). The level of annihilation of
microorganisms is largely dependent on their relative
sensitivities to the chemical disinfection process. Usually
high-level disinfection comprises the removal of all except
huge quantities of bacteria spores, second, intermediate
level disinfection provides for the annihilation of all
microbial life excluding spores. Low-level disinfection will
not dependably destroy mycobacteria or spores.

Multiple HAI outbreaks resulting from the use of a
contaminated disinfectants are well documented (Kampf,
2018; Rosca et al., 2021). For example, in 1966, Mitchell
and Hayward reported that seven different incidents of
urinary tract infections observed in children following a
cystoscopy procedure, were later traced to the
contamination of chlorhexidine solution that was applied
for the disinfection to bladder-irrigation reservoir.
Similarly, Dulake and Kidd (Dulake and Kidd, 1966; Pitten
et al., 2003) described the isolation of Alcaligenes foecalis
from samples of urine obtained from thirty gynaecological
patients. These patients underwent bladder drainage via
indwelling catheter. The cause of the infection was
subsequently traced to a jar that contained 0.1%
chlorhexidine, which was used for spigots storage
(Dulake and Kidd, 1966). Disinfectants could be
contaminated due to extrinsic and intrinsic occurrences.
Inappropriate  manufacturing techniques or through
transportation unusually accounts for intrinsic occurrences
(intrinsic contamination). Extrinsic contamination on the
other hand occurs during the use of the disinfectants
within the healthcare environment Extrinsic contamination

disinfectants, that are contaminated not replacing
disinfectants after long usage, failure to wash disinfectant
jars prior to refilling as well as refilling containers that are
contaminated (Rosca et al., 2021).

However, on the market today there are varieties of
products available that presents with moderate or even
inadequate antimicrobial action (Pitten et al., 2003).
Ideally disinfectants must possess ‘permanent’
antimicrobial activity without compromising the danger of
engendering resistant microorganisms. Thus,
disinfectants must not only be easy to use but safe, and
effective against an extensive range of microbial
pathogens, without leaving any toxic residues (Tipton et
al., 2018; Simoes et al., 2010; Fraise, 1999). However,
many medical facilities in developing nations are still
actively using phenolic disinfectants, contrary to the
developed nations where their use is being discouraged.
Similarly, the use of gluteraldehydes has been ceased,
due to toxicity and related issues (BSG Guidelines,
2003). However, in developing nations, they are still in
active use. Additionally, some local companies have
gotten into the production of disinfectants locally with very
little or no regulation to guarantee quality.

Regrettably, most healthcare facilities such as hospitals
in developing world, lack the needed resources to
evaluate and monitor the efficacy of these new
disinfectants against set microbiological standards before
usage. The aim of this paper was to assess long term
effectiveness and the stability of disinfectants currently
used in healthcare settings in Accra, Ghana.

MATERIALS AND METHODS

Disinfectants usually used in hospitals and other health care
settings in Accra were randomly selected for this research work.
Two locally produced and two imported disinfectants were obtained
randomly from different places within Accra. The samples obtained
were labelled and transported to the laboratory in their original
packages. Contents of the various disinfectants were aseptically
withdrawn from their respective containers for the antimicrobial
study. They were then prepared according to manufacturer’s
instructions. The composition and pH of the disinfectants used in
the study are presented in Table 1. Data analysis was performed
using GenStat statistical analysis soft software.
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Table 2. Inhibition of disinfectants against Pseudomonas aeruginosa microbial count (Logio cfu/ml) of survivors.

Bacteria Count

Disinfectant ~ Worki i i .
|sm.ec an orking . Bacteria count at Bacteria count at Interpretation Standard
Identity concentration 37°C (3-day contact room temperature (7
time) days contact time)
I 81 to 2919 ml Dist. H,0 100 (2) 230(2.36) Fail 52CFU on
Il 13 to 2000 ml Dist. H20 307(2.49) TNTC Fail | ?thle:r "
. plate=Falil,
] 50 ml to 4.5 | of water TNTC TNTC Fail 5<CFU on
v One par.t to three parts of INTC TNTC Fail either
water (1:3) plate=Pass
Logio counts are shown in brackets whiles raw counts are outside. TNTC implies too numerous to count
Table 3. Inhibition of disinfectants against Staphylococcus aureus (Microbial count (Logio cfu/ml) of survivors.
Bacteria Count
Disinfectant Workin i i .
IS _ Ing _ Bacteria count at Bacteria count at Interpretation  Standard
Identity concentration 37°C (3-day contact  room temperature (7
time) days contact time)
| 81 to 2919 ml Dist. H»0 92 (1.96) 197(2.29) Fail 5>CFU on
Il 13 to 2000 ml Dist. H,0 288(2.46) 320(2.51) Fail e:trler Fail
. plate=Fall,
] 50 ml to 4.5 L of water TNTC TNTC Fail 5<CFU on
v One par.t to three parts of INTC INTC Fail either
water (1:3) plate=Pass

Logso counts are shown in brackets whiles raw counts are outside. TNTC implies Too Numerous to Count.

Microbial culture and inoculum preparation

Identified microbial culture isolates of Pseudomonas aeruginosa -
ATCC 15442 and Staphylococcus aureus - ATCC 8043 were
obtained for this study. A 24 h culture of the test isolates was
prepared; Staphylococcus aureus isolate was prepared on a Baird
Parker agar (Oxoid). Pseudomonas aeruginosa on the other hand
was prepared on a Pseudomonas C-N agar (Oxoid). Each of the
isolates was subsequently sub-cultured into 1% sterile peptone
water and the turbidity concentration standardized to 0.5 McFarland
standards corresponding to 10® cfu ml-1. Pure culture inoculum of
both microbes was thoroughly mixed on a vortex mixer for 2 min
after which 2.5 ml of each organism was pipetted aseptically into a
sterile universal bottle. A mixed inoculum from the two microbes
was also prepared and the turbidity standardized as above.

Disinfectant testing

The efficacy and long-term stability of the disinfectants obtained
was done using the in-use method (Burdon and Whitby, 1967). The
in-use test method was opted for because of its ease to use and
requires no sophisticated or complicated equipment. Plastic screw-
cupped tubes, each containing 9 ml of disinfectants, were used.
The manufactures’ instructions were followed to the letter during the
preparation of the disinfectant for the test. Tubes were prepared in
triplicates (3 sets) for each disinfectant as follows: 1 for
Pseudomonas aeruginosa, 1 for Staphylococcus aureus and 1 for a
mixture of both microbes. Dirty conditions were stimulated by the
addition of 1ml of blood to each test tube. 1 ml of each standard
inoculum was then added to each disinfectant. The preparations

were then then kept at room temperature in the laboratory for 4
days. 1 ml of the prepared sample was aseptically withdrawn from
each disenchants after a proper shake to mix. It was then added to
sterile peptone water (0.1%) that contained 3% between 80 (an
activator). Ten drops form each diluted sample was subsequently
placed on Nutrient Agar plates, and kept for seven days at 37°C in
an incubator and also at room temperature. Contamination was
indicated by the presence of 5 or more colonies on either plate.

RESULTS

The results in Table 2 present the sensitivity results of
Pseudomonas aeruginosa to the four disinfectants that
were tested. The results as shown in Table 2 indicate that
at both room temperature and at 37°C incubation all the
disinfectants (4) failed the test against Pseudomonas
aeruginosa. A similar observation is in seen in Table 3,
where  Staphylococcus aureus was used as the test
organism. However, Local products (disinfectant Ill and
disinfectant IV) had higher counts (Too Numerous to
Count- TNTC) of Staphylococcus aureus than imported
products (disinfectant | and disinfectant Il) which ranged
from 92CFU-320CFU per plate. Sensitivity of a mixed
inoculum of Staphylococcus aureus and Pseudomonas
concentrations tested. However, locally produced
disinfectants (disinfectant Ill and disinfectant IV) had
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Table 4. Inhibition of disinfectants against a mixed population of Pseudomonas aeruginosa and Staphylococcus aureus (Microbial count

(Logio cfu/ml) of survivors.

Bacteria count

Disinfectant ~ Working Bacteria count at Bacteria count at Interpretation  Standard
Identity Concentration 37°C (3-day room temperature (7
contact time) days contact time)

I 81 m to 2919 ml Dist. H.0 120(2.08) 260(2.41) Fail 5>CFU on
1] 13 ml to 2000 ml Dist. H»0 TNTC TNTC Fail e:ther_ "
i 50 ml to 4.5 L of water TNTC TNTC Fail e o
v One par_t to three parts of INTC INTC Fail either

water (1:3) plate=Pass

Logso counts are shown in brackets whiles raw counts are outside. TNTC implies Too Numerous to Count.

higher microbial counts were compared to imported
products (disinfectant Il and disinfectant I). Interestingly,
Enterobacter spp was isolated as a contaminant in
disinfectant 1l, while Proteus spp was also isolated from
disinfectant Ill.

DISCUSSION

The results from this current study found all of
disinfectants tested to be contaminated at the conditions
and concentrations tested. Generally, locally produced
disinfectants, both of which contain chlorine compounds
were found to be more contaminated compared to
disinfectants that were imported. The very high
resistance of Staphylococcus aureus and Pseudomonas
aeruginosa to the tested disinfectants (Table 4) is of great
concern. Staphylococcus aureus and Pseudomonas
aeruginosa are associated pneumonia, cystic fibrosis and
chronic wound (Kawamura-Sato et al., 2010; Harrison,
2007). Originally, only a hostile relationship between both
organisms was portrayed as the existence of one is
associated with the absence of the other (Harrison,
2007). In wound infection for example, Staphylococcus
aureus mostly inhabits the wound surface; whereas
Pseudomonas aeruginosa is located in the deep layers
(Kirketerp-Mgller, 2008). However, in this study
Staphylococcus aureus and Pseudomonas aeruginosa
appeared to have acted in synergy presenting with high
resistance and contamination (Table 4).

This study also found that disinfectant | and Il were
contaminated with Enterobacter spp and Proteus spp
respectively. Proteus rods are well known opportunities
microbial pathogen. They cause urinary tract infection
under favorable conditions (Hasan et al., 2021; Hamilton
and Kamm, 2018). They have also caused rheumatoid
arthritis, meningitis in infants, and wound infection
(Hasan et al., 2021). Enterobacter species on the other
hand are known to cause a wide range of hospital
acquired infections including but not limited to those that
affect the urinary tract, the lungs, intraabdominal cavity

(Toleti et al, 2015; Dautzenberg et al., 2018).
E. sakazakii causes meningitis and neonatal sepsis
(Elkhawaga et al., 2020). Thus, the contamination of
disinfectants as observed in this study by the
aforementioned pathogenic microorganisms is of huge
significance. In the case of disinfectant Il and disinfectant
IV, no microorganisms aside the test bacteria were
identified; which suggest these disinfectants were more
active in the presence of organic matter than the other
disinfectants.

Contamination of disinfectants has been linked to
nosocomial infection and thus it is of a serious concern.
Several studies have demonstrated this. For example,
contaminated solution of chlorhexidine was reported by
Mitchell and Hayward (1966) to have caused urinary tract
infections in children after a cystoscopy procedure.
Contaminated disinfectants could arise due to a number
of reasons including but not limited contaminated
disinfectant stock, prolonged usage of disinfectants
without changing, improper washing and cleaning of jars
before the next refilling and refill of containers that are
contaminated (Kirketerp-Mgller, 2008). In this present
study, the contamination observed in the disinfectants
could be as a result of overgrowth of test organisms and
residual microorganisms as a result of the inactivation of
some of the disinfectants tested. This may be accounted
for when the inoculum was left until the fourth day in the
disinfectant. Furthermore, the blood that was added to
stimulate dirty condition may have also aided the
subsequent in activation of the active ingredients in the
disinfectants. In an earlier study, Lewis and Arens (1995)
indicated all manner of organic matter presented in the
form of fecal, pus, blood or lubricant material may have
an adverse interference with the antimicrobial activity and
potency of disinfectants. This may occur in two ways first,
through a chemical reaction between disinfectant and the
organic material, thus less active ingredient in the
disinfectant to attack the microbes. Second, the organic
material may shield the microbes from attack by forming
a physical barrier (Lewis and Arens, 1995; Sasaki and
Imazato, 2020).
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CONCLUSION AND RECOMMENDATIONS

In conclusion, all though, all disinfectants did not pass the
in-use test, disinfectants that are produce locally are
more unstable and ineffective. However, the key purpose
of disinfectant usage is premised on their ability to
efficiently and effectively curtail the spread of pathogenic
microorganisms transmitting by direct or indirect contact
within the healthcare environment. This has dire
implication for infection control measures. This is
because health workers and patients seeking health
services in healthcare settings may acquire infection
through contaminated and ineffective disinfectants.
Efforts ought to be made towards the regular testing of
disinfectants that are used in the hospital to monitor and
ensure its efficacy.

Limitation

The efficacy and long-term stability of the disinfectants
was done using only, two identified microbial culture
isolates (Pseudomonas aeruginosa and Staphylococcus
aureus). Thus, recommendations cannot be generalized
to all bacteria. However, this effect is mitigated since
Pseudomonas aeruginosa (gram negative) and
Staphylococcus aureus (gram positive), represents the
two main classes of bacteria that is, gram-negative and
gram-positive bacteria.
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