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ABSTRACT

Background: Increased multi-drug resistant (MDR) bacterial infections have been
associated with increased hospital care costs and mortality due to Health Care
Associated Infections (HCAIs). This due fact that, bacteria resistant to disinfectants
have also been reported and are on the rise. Disinfectants are prerequisites for infection
control and prevention in healthcare settings. Increased bacteria resistant to antimicrobial
agents, including disinfectants, warrants ongoing monitoring efficacy of routinely used
disinfectants in hospitals settings. However, there is a paucity of information on the
efficacy of routinely used disinfectants, especially in developing countries, which

reflects the need for conducting this study.

Objective: To evaluate the efficacy of disinfectants against multidrug-resistant bacteria

isolated from clinical samples at Muhimbili National Hospital.

Materials and Methods: A laboratory-based experiment was conducted to assess the
efficacy of disinfectants by using dilution test methods and the quantitative suspension test
methods. The Quaternary ammonium compound (QACS), povidone iodine, and sodium
hypochlorite (NaOCI) at undiluted and ready to use concentration were collected and
tested against four clinical isolates from blood sample and two quality control strains:
Methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum beta-lactamase-
producing Escherichia coli (ESBL-E.coli), carbapenem-resistant Acinetobacter baumannii
(CR-A. baumannii), and carbapenemase producer Klebsiella pneumoniae (CPKP), and
reference (quality control) strains (Escherichia coli ATCC 35918 and Staphylococcus
aureus ATCC 25923).

Results: All tested bacteria were significantly killed with >99.999% reduction rate at
contact exposure of 10 minutes by all selected disinfectants. The 1% QACs killed all
tested bacteria at five minutes of exposure, however only gram-positive bacteria were
rapid killed after one minute. The 0.5% NaOCI was not efficacious at one minute to
all tested bacteria, furthermore at 5 minutes, was significantly only for E. coli ATCC
35918 and CRKP. Exposure of 10% povidone iodine for 1 and 5 minutes did not
significantly reduced MRSA and carbapenem-resistant Acinetobacter baumannii. For
QACs, the MICs of both ATCC control strains and MDR bacteria were ranged from 3,125

\



to 6,250 mg/L and produced the same MBCs of 6250 mg/L. The MICs of MRSA and
ESBL-Escherichia coli for povidone iodine were twice higher than their reference, and its
MBCs was fourfold higher. The MICs of MRSA for NaOCI was four times higher than
ATCC-S. aureus 25923 while its MBCs was twice higher. Generally, MDR bacteria
shown higher disinfectant tolerance than their corresponding ATCC bacteria strains.
By comparison, QACs was highly efficacy than other disinfectants.

Conclusions: This study found that, for all tested disinfectants the minimum contact
exposure time to bacteria for 10 minutes is required for complete elimination of bacteria.
However, the QAC was efficacy at 5 minutes contact time. Therefore, adherence to

contact time is critical when disinfection is performed in infection prevention and control.

Vi
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DEFINITION OF TERMS:

Antiseptics: a substance (such as isopropyl alcohol or povidone-iodine) that inhibits the
growth of microorganisms (such as bacteria) especially in or on living tissue usually used
during medical procedures or used to maintain sanitation in place with risk of

microorganism contamination.

Disinfectants: Any substance (such as chlorine, hydrogen peroxide, or sodium
hypochlorite (NaOCI) that is used primarily on non-living objects to Kkill living

microorganisms (such as bacteria, viruses, and fungi), except bacterial spores

Clinical Samples: are biological materials (such as blood, urine, pus and others) that are
collected from humans, generally for examination, diagnostic confirmation, patient

monitoring, study, or analysis

Efficacy is the ability of the disinfectant to produce a desired amount of effect, or
success in achieving a given goal such as killing of all microbes at recommended

exposure contact time.

Multi-Drug Resistant Bacteria: are bacteria isolates that lack susceptibility to at least one

agent in three or more antibiotic classes.

Logarithmic reductions: isa mathematical term that is used to express the relative
number of living microbes that are eliminated by disinfection. Log reduction = logl0
(No /N) Where: No = colony forming units of the microorganisms before exposure to test

products(disinfectant)

Xiii



CHAPTER ONE
1.0 INTRODUCTION

1.1 Background

Multidrug-resistant (MDR) bacteria have become a major global burden, contributing to
increased healthcare-associated infections (HCAI) that have been linked to over 50%
higher mortality rates (1-3). The prevalence of MDR in patients with bloodstream
infection (BSI) is about 70.5%, of which extended-spectrum p-lactamase (ESBL)
producers, carbapenem-resistant Pseudomonas aeruginosa, and Methicillin-

resistant Staphylococcus aureus (MRSA) account for the majority of cases (4,5).

Contaminated surfaces are the major contributor to the spreading of multidrug-resistant
(MDR) strains in hospital settings and have been implicated in causing most nosocomial
infections (6). According to World Health Organization (WHO) report of 2024, it was
shown that, Acinetobacter baumannii and Enterobacterales order pathogens, are
listed as of critical priority because of their ability to transfer resistance genes, while
Staphylococcus aureus is among the High-priority pathogens (7). It was revealed that
Acinetobacter spp. isolated from hospitalized patients and medical equipment were 75%
and 74%, respectively (8). Acinetobacter baumannii was associated with HAI, with an
overall MDR prevalence of 91.0% in long-hospitalized patients (9). Therefore, adhere to
proper sterilization and disinfection of inanimate matter could significantly reduce the risk

of health care associated infections (10).

The use of antiseptics and disinfectants as one of the most effective strategies for infection
prevention and control measures in hospital settings can prevent the spread and
colonization of MDR bacteria (11). However, it was shown that MDR bacteria were
resistant even to commonly used disinfectants and antiseptics. It is thought they acquired
resistance by mutation and carriage of antimicrobial-resistance genes, which can cause

resistance to disinfectants (12—14).

The rate of disinfectant resistance increased due to the overuse of disinfectants during the

COVID-19 pandemic, shown increase in minimum inhibitory concentrations (MICs) for
1
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quaternary ammonium compounds (QACs) disinfectants from 200 to 16,000 pug/ml for
most isolated Gram-negative bacteria (15). Moreover, it was shown that the MICs and
minimum bactericidal concentration (MBCs) of sodium hypochlorite (NaOCI) were 0.2%
and 0.8% against MDR Gram-negative respectively, which were higher than reference
strains (16). Also, in another study, it was shown that the 40.7%, 22.2%, and 24.1% MDR
bacterial isolates had higher MICs values for QACs, povidone-iodine, and NaOCI than
their corresponding ATCC strains, respectively (17). This is alarming for continuous

monitoring of the efficacy of the routinely used antiseptics and disinfectants in hospitals.

1.2 Problem Statement

MDR bacteria are widely found in hospital environments and are major causes of (HCAI)
(18). Antibiotic-resistant bacteria like MRSA, carbapenemase producer, and ESBL
producers are the most dangerous and can cause serious infections that are difficult to treat
and result in increased morbidity and mortality rates worldwide (19-21). Apart from being
multidrug-resistant, these pathogens have shown resistant to commonly used disinfectants.
It has been found that certain types of bacteria, particularly MDR gram-negative bacteria
like Acinetobacter baumannii, have become resistant to commonly used disinfectants with
doubled killing time (20, 28, 29).

MDR bacteria in Tanzania cause both community associated infections (CAI) and HCAI,
with a mortality rate of 3.7% (24). Hospital environments have been reported often to be
contaminated with resistant bacteria, posing a risk of spreading to patients. Recent studies
done at Muhimbili National Hospital and Bugando Medical Centre found high rates of

contamination with carbapenem-resistant genes on hospital beds (6,25).

Muhimbili National Hospital (MNH) uses various disinfectants and antiseptics like
NaOCI, povidone iodine, QACs and alcohol-based products to clean the environment,
wounds, and during blood withdrawal. However, their efficacy against MDR bacteria has
not been evaluated, making it difficult to recommend their usage. Therefore, this study was
conducted to investigate the efficacy of commonly used disinfectants against multidrug-
resistant bacteria at MNH.



1.3 Rationale of the Study

This research evaluated the efficacy of commonly used disinfectants against multidrug-
resistant (MDR) bacteria at Muhimbili National Hospital (MNH). The study established
the minimum exposure time required to Kill 99.999% of all bacteria, along with the MICs
and MBCs for each disinfectant.

These findings are crucial, because will helps healthcare workers to make informed
decisions on proper disinfectants usage with regards to exposure contact time and
disinfectants concentration. This will minimize spreading of MDR bacteria, leading to
lower morbidity and mortality rate caused with HCAI. Additionally, these information’s
will guide selection of the best disinfectants, resulting into reduction of hospitals costs.
Also, this study had sheds light on the burden of antiseptic and disinfectant
resistance/tolerance. This information will help health stakeholders to develop specific
approaches for combating antimicrobial resistance (AMR), including establishment of

disinfectants stewardship.

Moreover, this study’s insights provide practical guidance for infection prevention and
control (IPC) practices that aligning with the National Action Plan on Antimicrobial
Resistance (NAP on AMR). Also, the research findings will help to improve MNH policies

and processes for appropriate disinfection and decontamination

Therefore, the findings from this study will empower healthcare professionals,
policymakers, and the Ministry of Health (MoH) to make evidence-based decisions that

enhance patient safety, reduce costs, and combat antimicrobial resistance.
1.4 Conceptual Framework

The study's quantitative and qualitative variables are shown in the figure 1 below. It
illustrates how they interact with each other. The figures show that when bacteria from
clinical samples such as MRSA, extended-spectrum beta-lactamase-producing Escherichia
coli (ESBL E. coli), CR-A. baumannii and carbapenemase producer Klebsiella pneumoniae
(CPKP), are exposed to disinfectants at a recommended concentration and at different
exposure time, result in their killing. This can be measured by logarithmic reduction. The

MICs and MBCs can also be used to assess the efficacy of disinfectants.
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Figure 1: Conceptual framework narrating the impact of disinfectants on MDR

Bacteria

1.5 Research Questions

What is the efficacy of routinely used disinfectants (QACs, povidone iodine, and

NaOCI) against multidrug-resistant bacteria isolated from clinical samples at
Muhimbili National Hospital (MNH)?



1.6 Objectives
1.6.1. Broad objective

To evaluate the efficacy of disinfectants (QACs, povidone iodine, and NaOCI) against

multidrug-resistant bacteria isolated from clinical samples at MNH.

1.6.2. Specific objectives

I.  To investigate the minimum exposure time of QACs, povidone iodine, and NaOCI
required to kill multidrug-resistant bacteria isolated from clinical samples at MNH
by 99.999%.
ii. To determine the susceptibility of QACSs, povidone iodine, and NaOCI against
MDR bacteria isolated from clinical samples at MNH.
lii.  To compare the efficacy of routinely used disinfectants in killing MDR bacteria.



1.7 Literature Review
1.7.1 The burden of MDR bacteria in relation to disinfectants

Bacterial antimicrobial resistance (AMR) has been one of the biggest threats to public
health in the 21% century. AMR was predicted to kill 10 million individuals annually by
2050 (1). It is of concern that most MDR Bacterial infections are hospital-acquired due to
high rates of hospital contamination on both environments and devices. A study done in
developed countries revealed that MDR Acinetobacter spp. was common in hospitalized
patients and critical hospital equipment’s by 75% and 74%, respectively (8). Furthermore,
a study carried out in Kenya revealed that, hospital frequently touch surfaces were
contaminated with MDR bacteria by 12.6%. Also, in patient areas were frequently
contaminated with meropenem resistant bacteria, which is in a class of last-resort
antibiotics (26).

In Tanzania, studies done at Muhimbili National Hospital (MNH) found a high rate of
hospital environmental contamination, with a prevalence of MDR gram-negative bacteria
up to 61.4% (6). Noteworthy, it was reported from the study done at and Bugando Medical
Centre (BMC) that 82.6% of Acinetobacter spp. harbored genes encoding carbapenems
resistance were contaminants of hospital surfaces (25). This puts forward the need for
strengthening infection prevention and control (IPC) measures through the appropriate use

of disinfectants and antiseptics to improve patient care.

Despite adopting several strategies for IPC, most gram-negative bacteria have become
resistant to antibiotics used in treatment as well as antiseptics and disinfectants. The
frequent use of disinfectants and antiseptics has imposed selective pressure, resulting in the
emergence of disinfectant-resistant and antiseptic-tolerant bacteria (12,27). This is
alarming for continuously assessing the effectiveness of disinfectants and antiseptics in our
setting by evaluating factors for biocide agent activity such as the tolerant capacity of
MDR bacteria, microbial load, pH, exposure time required to kill bacteria, contact surface,
biofilm formations, the susceptible concentration of agents (MICs and MBCs), and mutant

selection pressure (28).



1.7.2 Minimum exposure time required for disinfectants to kill MDR bacteria.

The responses of different types of microorganisms to antiseptics and disinfectants vary
and depend on the microbiostatic or microbicidal effect. Disinfectant’s concentration and
contact time are basic on Killing bacteria through protein denaturation and cell wall
destruction (29). The Food and Drug Administration (FDA) has established specific
standards for exposure contact time that determine the efficacy of disinfectants and
antiseptics against bacteria. Usually needs the germicide to eradicate 99.9% of bacteria in
five minutes on a hard, non-porous surface (30,31). It was revealed that ethanol
concentrations, ranging from 30% to 100%, kill most gram-negative bacteria in 10 seconds
(32). A study has shown that gram-negative bacteria are more resistant to disinfectants than
gram-positive bacteria, particularly P. aeruginosa, which required a contact time of more
than 19 minutes with QACs while Gram-positive bacterial strains MRSA required only
contact times of 15 minutes to be eradicated (23). The findings from the previous study
done in Punjab, India by Gaurav Sharma et al, in 2022, had found >5 LRs (99.999%
bacteria were killed)for 1% QACs at contact time of 5,10 and 15 minutes against S.
aureus, pseudomonas aeruginosa, E.coli and Enterococcus hirae (33). Another study done
in Singapore by Eng Lee Tan et al, in 2021, was shown that 10% povidone iodine had >5
LRs at 30 seconds and 60 seconds against Enterococcus faecium, E.coli, Streptococcus
pyogenes and MRSA (34). The finding from the study done by Prisca Damiano et al, in
2023 at Bugando Medical Center, Mwanza, Tanzania had shown LRs of >5 at 1 minutes
against MDR  bacteria for fresh  prepared chlorine  compound(Sodium
dichloroisocyanurate(NaDDC)), but for three-day aged disinfectants LRs range from
0.59(74.1% bacteria were killed) to 1.53(97% of bacteria were killed) (35). In our setting
there is scarcity of information on evolution of minimum exposure contact time
required to kill all bacteria. Therefore, evaluating the minimum exposure time for
routinely used disinfectants is crucial and might be attribute change in IPC practice
so as kill all MDR bacteria, subsequently reduction in mortality case caused by
HCALI.



1.7.3 Disinfectants resistance to multidrug-resistant bacteria

Bacteria reduce susceptibility to antiseptic and disinfectant resistance through various
mechanisms. In a study done by Gupta P et al, it was shown that the 40.7% MDR bacteria
showed an increase in MIC values for 3.9% w/v QACs compared to ATCC control strains.
Also, 18.5%, 22.2%, and 24.1% had increased MICs values for absolute ethanol, 5% w/v
povidone-iodine, and NaOCI, respectively, than their corresponding control strains (17).
Also, in another study, it was shown that the MICs and MBCs of NaOCI were 0.2% and
0.8% against MDR gram-negative which was higher than reference strains (16). The
emergence of bacteria resistant to antibiotics and disinfectants has been associated with the
wide use of QACs. After exposure to these compounds, it was reported that Pseudomonas
aeruginosa became more resistant when slowly exposed to higher amounts of QACs,
which led to an increase in MIC from 0.0025% to 0.058% (a 20-fold increase) and was
associated with slightly increased resistance to different antibiotics, including carbapenems
(36). Also, the highest MIC values of more than 0.5% were reported for benzalkonium
chloride against gram-negative bacteria including P. aeruginosa which was largely higher
than the proposed epidemiological cutoff (below 0.0064% for most species) (31). Chlorine
and iodophor compounds also are the most used biocide, it was found that NaOCI Kills
most bacteria with the highest MIC values among isolates such as E. faecalis (3.2%),
Escherichia coli (1.2%), P. aeruginosa (0.8%), and S. aureus (1.6%), and yeasts
(1.6%)(37,38). Povidone-iodine is a broad-spectrum antimicrobial agent used as an
antiseptic and disinfectant. It denatures proteins and disrupts cell membranes,
effectively killing various pathogens. Its low toxicity and versatility make it ideal for
skin cleansing, minor wound care, and disinfecting surfaces and equipment in
healthcare settings (10). In another study, it was shown that S. aureus and E. faecalis
were more resistant to alcohol-based products than the other microorganisms. Regarding
alcohol-based products, S. aureus displayed MICs and MBCs values of 75% and 50%,
respectively (39). Betchen M et al conducted a study, where MICs and MBCs of the A.
baumannii strains were determined for commonly used disinfectants and antiseptics,
including bleach, ethanol, and isopropanol and it was found that the MICs, MBCs, and
MBCs/MICs for bleach was 0.037 pg/ml, 0.098 pg/ml and 2.65, respectively and for
ethanol was 5.95 pg/ml, 8.125 pg/ml and 1.37, respectively (14). Therefore, due to



limited disinfectants resistance data in our setting, it is essential to evaluate the extent
of disinfectant resistance in order to develop effective strategies for eliminating MDR
bacteria. This assessment will also support the establishment of disinfectant

stewardship programs.

1.7.4 Laboratory methods used to assess the Efficacy of Disinfectants against bacteria.

There are several methods of testing the efficacy of disinfectants, but all disinfectant test
methods have the same end goal of determining the disinfectant's ability to kill or
inactivate microorganisms. the following are descriptions of the most common and

acceptable methods
A. Suspension test method

In this test, a suspended sample of the bacteria from a culture plate is mixed in the
disinfectant solution, after exposure to certain contact time, it is subcultured to observe
whether it’s killed or not. The test can be done in qualitatively, whereby a bacterial
suspension is mixed with disinfectant and cultured to observe whether there is growth or
not. In quantitative methods, the number of surviving organisms should be counted and
compared to the subculture that was not exposed to disinfectant. The microbicidal effect
(ME) is then calculated by subtracting the log reduction from the initial count. A LR of 1
kill 90% of bacteria, while an LR of 2 kills 99%. An LR of 5 or more is needed to kill at
least 99.999% of germs, which is the generally accepted standard (40,41). Based on the
VAH method 9 which is equivalent to EN 13727, it is important to examine the exposure
time at 5, 10, 15, 30, and 60 minutes. After the exposure, the number of bacteria survivors

should be used to determine the logarithmic reductions (LRs) (37,38).

B. Diffusion test method

The diffusion test has been used for a long time, as a starting point to assess a given
microorganism susceptibility to different chemical agents. In this test a test organism is
inoculated on Mueller-Hinton agar plate by using confluent lawn method. Followed by
placing of filter paper disks impregnated with known concentrations of disinfectants or by

punching wells then a known concentration of disinfectants should be filled into respective
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well. The disinfectants or chemical diffuses from the circular disk into the agar and
interacts with the growing bacteria. disinfectant activity is observed by formation of a clear
circular zone of inhibition around the disinfectants which must be compared to standard for

interpretation (42).
C. Disinfectant dilution test methods

Dilution tests are useful on determination of disinfectant’s MICs, and MBCs. The
disinfectants/antiseptics should be diluted in series into tube contain broth, then test
bacterial suspension is added to each tube. The MIC is determined by looking through the
tubes for the lowest concentration that inhibits visible growth (turbidity/cloudiness). To
determine the MBCs, tubes with no visible growth are inoculated onto agar media (43).

D. Capacity test (Kelsey-Sykes test)

This method used to assess the disinfectant's capacity, which is the ability to continue
acting even when the amount of contamination increases. In a capacity test, the disinfectant
is put to the test over and over again by adding bacterial suspension one after another until
its killing power is depleted. Tests of capacity replicate real-world scenarios such as
cleaning and instrument decontamination (40).

E. Stimulated use test method

In this method, the volunteers are required to wash their hands with a five-milliliter of soap
for a minute, afterwards rinse them under running water and dry them with paper towels.
Then the hand will be immersed into media containing the test organism followed by
washing by using test product(disinfectants). The effectiveness of disinfectants was
evaluated by comparing the bacteria survivors reduction factor before and after applying
disinfectants (44,45)

F. Carrier test method

These methods used to test the efficacy of disinfectants on medical devices and
environmental surfaces, also known as VAH 15 method corresponding to EN 14561
(bactericidal). In this process, medical instruments are contaminated by being submerged

in a liquid that contains cultures of test organisms, drying them afterwards, and exposing
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them to a disinfectant solution for a specific period of time. Followed by a subculture of
the disinfected medical instrument. The efficacy of disinfectants/antiseptics is determined
by log reduction(44,45) Additionally, the test can be conducted in both dirty and clean
environments and makes use of smooth glass surfaces and disinfectant concentrations

higher than those likely to be encountered in the field (46).
G. In-use test

It is useful in identifying contaminated disinfectants. 1 ml of disinfectant is added into 9 ml
of an inactivator-containing diluent. The diluted sample are subcultured on nutrient agar
plates. Followed by incubating one at 37 °C for 24 to 72 hours. Any plate with growth
indicates contamination (47,48).

H. Practical test (surface disinfectant test)

It used to measure the time-concentration relationship of the disinfectant; practical tests are
performed under real-life conditions. The goal is to see if the proposed use dilution is still
adequate in the conditions that it would be used in. The surface disinfection tests are the
most well-known practical tests. The test surface (a small tile, a stainless-steel disc, etc.) is
contaminated with a standardized inoculum of the test bacteria and dried: then a definite
volume of the disinfectant solution is distributed over the carrier; after the given exposure
time, the number of survivors is determined; the reduction is determined quantitatively by

comparing the survivors in this control series with the survivors in the test series (47).
J. Suspension time-kill test (time-kill curve)

It is the most appropriate method for determining the bactericidal or fungicidal effect. It is
an effective in determination of the antimicrobial agent's dynamic interaction with the
microbial strain. The time-Kkill test reveals an antimicrobial effect that is time-dependent or
concentration-dependent. It involves directly inoculating a liquid test substance with a high
concentration of test microorganisms and then calculating the percentage of test
microorganisms Killed over time. The percentage of dead cells relative to the growth
control is then calculated by counting the number of living cells (CFU/mL) in each tube
using the agar plate count method. In general, a bactericidal effect is obtained with a

lethality percentage of 90% for 6 hours, which is equivalent to 99.9% for 24 hours (49).
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I. Surface time kill test

In this test, a microbial culture is inoculated onto several sterile test surfaces, the test
product is applied to each surface for specific time, and the surviving microorganisms are

cultured and counted to determine the efficacy of disinfectant (50).
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Table 1 : Advantages and disadvantages of each laboratory method used to assess the efficacy disinfectant against bacteria (51).

S/No | METHOD | ADVANTAGES DISADVANTAGES
1 Suspension e |t makes better contact between the disinfectant e It does not confer the real situation/environment, because
test and microbes. microbes are not attached to a specific surface.
e |tissimpler to conduct tests. e Minor dilution errors made during disinfectant solution
e |t enables microorganism counting throughout the preparation can have a significant impact on test results.
procedure e High viscosity disinfectants may not be distributed evenly in
o well standardized the test suspension
2 Diffusion e Itissimple and less cost, e It provides limited information, just about susceptibility and
test e It allows testing a large number of resistance to the chemical agents tested.
microorganisms and antimicrobial agents, e It is incapable of distinguishing between bacteriostatic and
e Easy to interpret result produced bactericidal activities, and
e The differences in zone sizes cannot be used to compare
chemical agent efficacies.
3 Dilution This method is frequently used to determine the MICs e It’s complicated method that involves a series of dilutions to
tests and MBCs obtain MICs and MBCs

It gives quantification on susceptibility and resistance to

Difficult to interpret the results provided.
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S/No | METHOD | ADVANTAGES DISADVANTAGES
the chemical agents tested.
4 Capacity test | Good for dilution concentration to be used e Difficulty in comparing several procedures
5 Stimulated | Reliable for assessing the activity of chemical agents in a e Difficulty in comparing several procedures.
use test real situation
6 Carrier test e It is more accurately depicts real conditions. e It is difficult to regulate the quantity of microorganisms

Because microbes adhere to a carrier mimics

their natural environment.

recovered due to the death or loss of microorganisms during the
procedure.

e It too complex.

7 In-use test Reliable test to assess microbial contamination in used ¢ Difficulty in comparing several procedures
solution of disinfectants

8 Practical test | It assesses the activity of chemical agents in real working e It is complicated and relies on numerous variables; the
(surface condition smoothness or roughness of the surface may have an impact on
disinfectant the final result.
test)

9 Suspension o Itis fast and economical in term of cost. « It can be difficult to relate to the elimination of microorganisms
time-kill test « Their final results are reproducible. from a surface.

o Contact time can be easily study

o Itis standardized Procedure

e Due to fact that different broths or suspensions may interact
with or inactivate disinfectant, the procedure in which the

microbial inoculum is prepared can have an affect the test
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S/No | METHOD | ADVANTAGES DISADVANTAGES
result.
10 Surface e The dried film of microorganisms used in this test e It is conducted under ideal laboratory conditions, which may
Time-Kill provides realistic to the experimental model, not reflect real-world conditions.
Test o Itis less cost e The test does not consider the presence of organic matter,

which can interfere with the effectiveness of disinfectants and
antiseptics.

e The test does not consider the presence of biofilms, which are
communities of microorganisms that can form on surfaces and
increase their resistance to disinfection.

e The test does not account for the presence of air pockets or

other factors that can interfere with the disinfection process.
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CHAPTER TWO

2.0 METHODOLOGY

2.1 Study Design and Setting

A laboratory-based experiment was conducted to evaluate the efficacy of disinfectants
against multidrug-resistant bacteria isolates from clinical specimens at Muhimbili National
Hospital (MNH). The study was involved collection of routinely used disinfectants from
MNH, which is the main tertiary hospital in Tanzania and a teaching hospital for the
Muhimbili University of Health and Allied Science.

Muhimbili National Hospital is located in Dar es Salaam, which is the largest city in
Tanzania, with a geographical area of 139.3 square kilometers in total. Dar es Salaam is the
commercial capital of Tanzania, as well as one of the fastest-growing cities in Africa.
According to the latest national census, the city population is 7,404,689, with a 5.08
percent inter-censual growth rate. Muhimbili National Hospital (MNH) as a tertiary
hospital serving the majority of people living in Dar es Salaam. In addition to that, the
hospital also receives patients from regional referral hospitals. One of the key features of
MNH is its Central Pathology Laboratory (CPL), which is a well-equipped laboratory for
diagnose various diseases. Moreover, its microbiology unit is capable of identifying MDR
bacteria.

2.2 Study Duration

The study was conducted between February and June 2024.

2.3 Study Unit and Sample Size

Testing bacterial isolates

The study unit were bacteria characterized as MDR isolates from clinical samples at MNH
and two ATCC control strains. Four MDR bacteria obtained from blood samples
collected between August and November, 2023, which were well characterized as
MRSA, ESBL-producing Escherichia coli, CPKP and CR- A. baumannii were included.
Additionally, the CPKP included in this study was used in the previous where was
well characterized by using Whole-genome sequencing (WGS) and detected to harbor
antibiotic resistance genes and QACs resistance genes. All these isolates were retrieved

from the archived samples at the central pathology laboratory (CPL) which were stored at
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— 40°C for research activities and epidemiological purpose. Susceptible strains
Escherichia coli (ATCC 35918), and Staphylococcus aureus (ATCC 25923) were obtained
from the National Public Health Laboratory (NPHL) and were included as control.

Table 2: Antibiotic susceptibility pattern of bacteria isolated from clinical samples

ISOLATES PRM CN AK AMP FEP CAZ AUG CRO MEM SXT
Klebsiella pneumoniae | CPKP | R R R R R R R R R
Acinetobacter

baumannii CR-AB R R R R R R R

Escherichia coli ESBL S R R R R R S R
ISOLATES PRM C CIP E CD CN TE FOX
Staphylococcus aureus | MRSA S R R R R R R

Key:  *PRM=Phenotypic  resistance = Mechanism, R=Resistance,  S=sensitive,
CIP=Ciprofloxacin, CN=Gentamycin, AK=Amikacin, AMP=ampicillin, FEP = Cefepime,
CAZ=Ceftazidime, AUG=Augmentin, CRO = Ceftriaxone, MEM = Meropenem, SXT=
Trimethoprim/sulfamethoxazole, TE=Tetracycline, FOX=cefoxitin, C= Chloramphenicol,

E-Erythromycin and CD=Clindamycin.

Disinfectants
Thee three disinfectants commonly used at the Muhimbili National Hospital were included
in this study. These included QACs, povidone iodine and NaOCI at ready to use solution

and undiluted.
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Table 3: Details of routinely used disinfectants at MNH

Types of | Brand Manufacturer Active Application
Disinfectants | name ingredients
Quaternary Sani SIRMAXO It contains Alkyl | Applied
ammonium Higene Chemicals Private | benzyl ammonium | immediately to
compound Limited, Mumbai, | chloride, Didecyl | clean and
(QACs), India dimethyl disinfect surface
ammonium areas such as
chloride and | the floor,
polymeric mattresses, and
biguanide other items.
Hydrochloride
Sodium ZAP Manufactured for | It contains free | Applied
hypochlorite | Bleach Muhimbili Health | chlorine immediately to
(NaOCl) National Medical clean and
Hospital (MHNMH) disinfect surface
by TARMAL area, also for
INDUSTRIES LTD equipment
P.0.BOX 283 DSM decontamination
at 10 minutes
exposure
lodophor povidone | Brookes Pharma | povidone iodine Used for
compounds iodine (Private) Limited, 58 wounds
& 59, Sector 15, dressing, in 24
Korangi Industrial to 72 hours and
Area, Karachi, applied
Pakistan. immediately
during sample

collection as an

antiseptic
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Collection of disinfectants available from wards
For the ready-to-use concentration, three set of 200 mls of each disinfectant were collected
into four sterile Falcon conical tubes (Servicebio, made in China), each containing 50 mls.
The disinfectants were collected from ward 35, 36, 37 and Paediatric burn unit ward.
The collection was taken place once a day, in the morning between 0830 and 0930 h for
three days. For each undiluted disinfectant 100mls was collected once from the MNH
stores into sterile flat conical flask. The sampled disinfectants were transported from
MNH to MUHAS in a clean, cool box to prevent any contamination. As a safety measure,
all disinfectants collected were checked for sterility. This was done by using In-use test
methods to detect any contamination. Where by 1 milliliter of disinfectant was added with
9 milliliters of sterile normal saline (Alfa Pharmaceuticals Limited, plot No14, Mbagala
industries area, Dar es salaam, Tanzania). Which is then was subcultured on 5% Sheep
blood Agar (Oxoid Ltd, Wade Road, Basingstoke, Hants, RG24 8PW, UK made in the
United Kingdom). Then was incubated for 24-hours at 37° C, if there are any bacterial
growth colonies on the plate, it indicates that the disinfectant was contaminated.
2.4 Laboratory Procedures
The laboratory experiments were carried out at the microbiology laboratory of MUHAS
A: Determination of the minimum exposure time of disinfectants that required to Kill
multidrug-resistant bacteria
The quantitative suspension method was used in this study to determine the efficacy of
disinfectants against MDR bacteria at a specific contact time. It was involved suspending
the bacteria in a liquid medium and exposing them to the disinfectant for a specified
time. Afterward, the bacteria from the medium were subcultured on agar plates to observe
bacteria survival, including the enumeration of bacteria survivors, and the log reduction
determination. The following are step-by-step instructions on how this method was carried
out in this study. These are:

i.  Bacterial colonies preparation
The study begins by obtaining fresh cultures from archived bacterial strains including
MRSA, ESBL-producing E. coli, CPKP, and CR-A. baumannii. This was done through
inoculation on 5% Sheep blood Agar (Oxoid Ltd, Wade Road, Basingstoke, Hants, RG24
8PW, UK made in the United Kingdom) followed by incubation at 37 °C for 24 hours.

After growth bacteria re-identification was done starting from gram stain, then Analytical
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Profile Index (API) 20 E for gram negative while gram positive was subjected to catalase
and coagulase tested, also the phenotypic antibiotic resistance mechanism was done using
Double Disc Synergy Test (DDST) for ESBL confirmation, Modified Carbapenemase
Inactivation Method (MCIM) for confirmation of carbapenemases producers and MRSA
was tested by using Cefoxitin disc. The re-identified and confirmed bacteria were used in
this study whereby, from culture plate using a sterile cotton swab, three to four colonies of
each bacterial strain were taken and transferred to 5 ml of sterile normal saline (Alfa
Pharmaceuticals Limited, plot Nol14, Mbagala industries area, Dar es salaam, Tanzania).
The mixture was thoroughly mixed, and turbidity was compared with the 0.5 McFarland
standard, approximately 1.5 x 108 colony-forming units per mL (CFU/mL). A subculture
was used within 72 hours.

ii.  Disinfectant solutions preparation
For this objective the disinfectant at recommended ready-to-use concentrations (rtu) of 1%
QACs, 10% povidone iodine, and 0.5% NaOCI were mixed well and exposed to testing
organisms. Then their efficacies were assessed.

iii.  Microbial Analysis
This test was conducted under clean conditions, with 0.3% Fetal Bovine Serum (FBS)
(SAFC Industriestrasse 25, CH-9471, Buchs, Switzerland). To perform the quantitative
suspension test, disinfectant solutions containing 0.3% Fetal Bovine Serum (FBS) (SAFC
Industriestrasse 25, CH-9471, Buchs, Switzerland) was prepared just before the test begins.
8 ml of the disinfectant was mixed thoroughly with 1 ml of a 0.3% albumin solution, also 8
ml of the sterile normal saline (Alfa Pharmaceuticals Limited, plot Nol4, Mbagala
industries area, Dar es salaam, Tanzania) was mixed thoroughly with 1 ml of a 0.3%
albumin solution to make a standard control which was used on comparison. Then both
solutions were thoroughly mixed with 1 ml of the test bacteria suspensions. The killing
contact time of disinfectant was evaluated by using VAH method 9, recommended by the
Germany Association for Applied Hygiene (44,45) and equivalent to British Standard
Institute (BSI) for Chemical disinfectants and antiseptics BS EN 13727:2012+A2:2015
(52). To assess the bactericidal activity of the disinfectant, the evaluation was included
different contact time interval (1 minute, 5 minutes, 10 minutes) at 20°C temperature. After
contact time, 0.5 ml of suspension was mixed with 4.5 mls of Neutralizer (Phosphate
buffer solution (PBS), JOURILABS, Addis Ababa Ethiopia) for 5 Minutes, then 1uL of a
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mixture was taken and inoculated on 5% Sheep blood Agar (Oxoid Ltd, Wade Road,
Basingstoke, Hants, RG24 8PW, UK made in the United Kingdom). After 24 hours the
plates were observed for bacteria growth, enumeration was done to plates to quantify the
number of bacteria survivors. This procedure was repeated in triplicate in three days for
each disinfectant, making total run of nine for each isolate. This was done to ensure the
reliability of the data obtained. However, the mean values were used during data analysis.
iv.  Result Interpretation

Evaluation was done by calculating log reduction values by the following formula: log
reduction (LRs) = log (number of organisms per milliliter before exposure) - log (number
of organisms per milliliter after exposure). An LRs of 1 is equal to a killing of 90% of the
bacteria, and an LRs of 2 means 99% killed. The accepted requirement, the LRs should be

equals or greater than 5: at least 99.999% of the germs are killed (40,41).

Quantitative Suspension
Test Method

Pre-test activities

Disinfectants Collection In use test for

sterility Checking

Bacteria
Preparation

Post-test activities

Interpretation Bacteria CFU/mL

LRsz 5-Efficacy Quanfification

LRS<5- Log reduction (LR)
Inefficacy — Calculation

KEY:
+

_ Bacteria Suspension
Interference (Fetal Bovine Serum)
Disinfectant 1.e. 10% Povidone Iodine
Normal Saline
Neutralizer (Phosphate Buffer Solution)

Figure 1:1llustrative scheme showing procedures for quantitative suspension test
method (created by Author)
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B: Determination of the MICs and MBCs of disinfectants against multidrug-resistant

bacteria.

Disinfectant dilution test method was used in this study to evaluate the efficacy of
disinfectants by determining disinfectant’s MICs and MBCs. This was done by making, a
serial dilution into microtube containing Mueller Hinton Broth (Deben Diagnostic Ltd,
UK) (43). The following are step-by-step instructions on how disinfectant dilution test

methods was carried out in this study.
i.  Bacterial colonies preparation

To perform the test, the suspension described on A(i) above, which contains about 1.5 x
108 CFU/mL, was diluted into Mueller Hinton Broth (Deben Diagnostic Ltd, UK) by 1:10

prior involved into the test.
ii.  Disinfectant solutions Preparation

Undiluted solutions were used, such as 10% QACs, 10% povidone iodine, and 3.5%
NaOCI then their efficacies were assessed. Each solution was shaken well before use or
tested.

iii.  Microbial Analysis

Twelve screw tubes were prepared and distributed with 1 mL of Mueller Hinton Broth
(Deben Diagnostic Ltd, UK). The first tube was added with 1 mL of tested disinfectant,
and the process of stirring and transferring 1 mL to the next tube was continue until tube
number 11. 100uL of test bacteria suspension was added to all tubes except for flask
number 11, serving as the negative control. The tubes were incubated at 37°C for 24 hours
(48-50). To determine the MBCs, tubes were sub-cultured on 5% Sheep Blood Agar.
Positive and negative controls are labeled as Tubes 12 and 11, respectively (51). This
procedure was repeated twice for each disinfectant to ensure the reliability of the data. The
percentages concentration was converted into mg/L as it well known that 1 %
concentration is equivalent to 1g in 100 ml (10,000mg/L). Therefore, 10% povidone
iodine is equivalent to 100,000 mg/L.
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Disinfectants Dilution Test Method

nﬁmﬁﬁﬁﬁﬁﬁ

[ —T1
6 7 8 I11'
— e

100,000 | 50,000 | 25,000 | 12500 | 6250 | 3125 | 1,563 | 781 391 | 195 ]97.5] 48.8 | mglL
10 5 2.5 1.25 | 0.63 | 0.313]0.156 | 0.078 | 0.039 | 0.02 ] 0.01 | 0.005 %
KEY:

- Bacteria Suspension

Disinfectant 1.e. Povidone Iodine
Mueller Hinton Broth (MHB)

Figure 3: lllustrative scheme showing successive dilution method (created by Author).
iv. Result Interpretation

After incubation, the highest dilution tube that with no turbidity was considered as the
MICs. The MBC was determined as the highest dilution tube that shows no bacterial
growth after subculture. Also, the MICs obtained was compared with previous studies. The
MICs of all bacteria ranged from 390 to 780 mg/L for NaOCI while for povidone iodine,
ranged from 64 to 512 mg/L and for QACs, ranged from 0.2 to 16,000 mg/L (16,53-55).

2.5 Variables
2.5.1. Dependent variable

Outcome used to assess disinfectants efficacy such as the minimum Exposure times,

Bacteria logarithmic reductions (LRs), MICs and MBCs.
2.5.2. Independent variable

Study units which were experiments input to obtain an outcome, these are tested bacteria

strains and disinfectants
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2.6 Data Entry and Statistics Analysis:

Data Entry and Analysis was done by using Excel Microsoft spreadsheets software.
Interpretation was done as per German Association for Applied Hygiene guideline (VAH
methods 07 and 09) this was done by observation of change on log reduction using the
equation, a viable number of bacteria before the addition of disinfectant (A) minus a viable
number of bacteria after the addition of disinfectant(B). The equation was simplified as,
Log Reduction =1logio (A/B). The disinfectant with LRs > 5 was regarded as efficacy: at
least 99.999% of the germs are killed. Also, the MICs and MBCs findings were compared
with reference strain. Data was presented in tables and figures with a minimum exposure

time, bacterial logarithmic reduction, MICs, and MBCs to describe the findings.
2.7 Ethical Considerations

The Muhimbili University of Health and Allied Sciences Institutional Review Board
(MUHAS IRB) through Department of Microbiology and Immunology under School of
diagnostic medicine was contacted for ethical approval for this study. Ethical Approval
(MUHAS-REC-12-2023-2001) was given.

Waiver of ethical consent and permission to access the testing organisms and disinfectant
products, was obtained from the Directorate of Research, Training, and Consultancy at
MNH and permission was issued through letter with Ref. No.:
MNH/CRTCU/Perm/2024/041.

To ensure the safety of both humans and the environment, any materials contaminated with
test organisms during procedures, were autoclaved to eliminate any potential hazard prior
disposal. Once sterilized, these materials were sent to a restricted area (incinerator), where
they are burned into ashes. This process was done to prevent any potential risks of

environmental contamination.
2.8 Dissemination Plan

The results of this study were presented to the Department of Microbiology and
Immunology. The final report will be available at the MUHAS library. The study's findings
will also be presented at scientific conferences and published in a peer-reviewed medical

journal.
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CHAPTER THREE
3.0 RESULTS

3.1 Bacteria Colony Forming Unit per Milliliter (CFU/mL) before and after

disinfectants exposure

For all three disinfectants, there was no bacterial growth after 10 minutes of contact time.
However, at 5 minutes contact time 1% QACs inhibited growth for all bacteria. Bacteria
exposure to 10% povidone iodine and 0.5% NaOCI at 5 minutes produced varying
bacterial growth characteristics: from no growth to growth of 4 x 10° on MRSA. ATCC-
E. coli and Carbapenemase producer Klebsiella pneumoniae did not grow at 5 minutes
exposure for both 10% povidone iodine and NaOCI. Exposure of NaOCI at one minute did

not significant inhibit, the growth of any tested bacteria (Table 4 and Figure 4).
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Table 4: Bacteria Colony Forming Unit per Milliliter (CFU/mL) on disinfectants exposure

Disinfectant’s Contact Mean CFU/mL of Tested Bacteria
Name time
ATCC-E. coli  ESBL-E.coli CPKP CR- A. baumannii  ATCC-S. aureus ~ MRSA

0.5% NaOClI Initial 2.58 x 10° 3.39x 10° 3.54x 10° 5.61 x 10° 5.29 x 10° 5.99 x 10°
1 min 1.10 x 10* 1.40 x 10* 1.90 x 10* 1.80 x 10* 1.70 x 10* 2.30 x 10*
5 min 0.00x 10° 3.00 x 10° 0.00x 10° 2.00 x 10° 2.00 x 10° 4.00 x 10°
10 min  0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10°

10% Povidone Initial 242 x 10° 3.17x 10° 4.31x10° 5.24 x 10° 5.73x 10° 6.16 x 10°

iodine 1 min 0.00x 10° 0.00x 10° 0.00x 10° 1.00 x 10° 2.00 x 10° 5.00 x 10°
5 min 0.00x 10° 0.00x 10° 0.00x 10° 1.00 x 10° 1.00 x 10° 2.00 x 10°
10 min 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10°

1% QACs Initial 3.08 x 10° 3.49x10° 439 x 10° 5.77x 10° 6.55 x 10° 5.95x 10°
1 min 0.00x 10° 1.00x 10° 1.00x 10° 1.00x 10° 0.00x 10° 0.00x 10°
5 min 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10°
10 min 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10° 0.00x 10°

KEY: MRSA=Methicillin-resistant Staphylococcus aureus, ESBL-E. coli= Extended spectrum Beta-lactamase producing Escherichia

coli, CPKP=Carbapenemase producer Klebsiella pneumoniae, CR- A. baumannii =Carbapenem-resistant Acinetobacter baumanii,
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ATCC-E coli=Escherichia coli, American Type Culture Collection 35918, and ATCC-S. aureus= Staphylococcus aureus, American
Type Culture Collection 25923
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3.2 The Minimum Exposure Time for Disinfectants to kill MDR Bacteria

At 10 minutes of exposure time all disinfectants exhibited a significant log reduction
(LRs) of > 5(99.999% of all tested bacteria were killed), showing that were efficacious.
For 1% QAC:s, significant LRs of >5 was observed to all examined bacteria at 5 minutes of
exposure. Moreover, MRSA showed LRs >5 even at 1 min contact time. Nevertheless,
QAC:s could only exhibit LR >5 for gram-positive bacteria (ATCC- S. aureus and MRSA)
and ATCC- E. coli at a 1-minute exposure time. ESBL Escherichia coli, CPKP and CR- A.
baumannii did not significantly decrease during a contact period of one minute, resulting to

log reduction of two.

The 10% povidone iodine was efficacious in killing ATCC- E. coli, ESBL- Escherichia
coli, and CRKP at exposure times of 1, 5, and 10 minutes. At 1- and 5-minute exposure
time, it could not Kill the three bacteria (CRAB, ATCC- S. aureus, and MRSA).

The 10% NaOCI was not efficacious at 1-minute exposure time to all examined bacteria.
At 5 minutes of exposure time, it was able to kill only ATCC-E. coli and CRKP with >5

LRs but no other bacteria.
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Table 5: Logarithmic reduction of tested bacteria for each disinfectant

Disinfectant’s Tested organism Initial log value, for suspension CONTACTCTIME AND LOG REDUCTION

Name without disinfectant 1min, LR (%) 5min, LR (%) 10 min, LR (%)

0.5% NaOCl  ATCC-E coli 5 1(90.000) >5 (99.999) >5 (99.999)
ESBL-E. coli 6 1(90.000) 2(99.000) >5 (99.999)
CRKP 6 1(90.000) >5(99.999) >5(99.999)
CR-A. baumannii 6 1(90.000) 2(99.000) >5 (99.999)
ATCC-S. aureus 6 1(90.000) 2(99.000) >5 (99.999)
MRSA 6 1(90.000) 2(99.000) >5(99.999)

10% ATCC-E coli 5 >5(99.999) >5 (99.999) >5(99.999)

Povid

ovidone ESBL-E. coli 6 >5(99.999)  >5(99.999)  >5(99.999)

lodine
CRKP 6 >5 (99.999) >5(99.999) >5(99.999)
CR- A. baumannii 6 2(99.000) 2(99.000) >5(99.999)
ATCC-S. aureus 6 2(99.000) 2(99.000) >5(99.999)
MRSA 6 2(99.000) 2(99.000) >5(99.999)

27



Table 1: Continued

Disinfectant’s

Name
1% QACs

Tested organism

ATCC-E coli
ESBL-E. coli
CRKP

CR- A. baumannii
ATCC-S. aureus

MRSA

Initial log value, for suspension CONTACTCTIME AND LOG REDUCTION

without disinfectant
5

6

>5 (99.999)
2(99.000)
2(99.000)
2(99.000)
>5 (99.999)

>5 (99.999)

>5 (99.999)
>5 (99.999)
>5 (99.999)
>5 (99.999)
>5 (99.999)

>5 (99.999)

>5 (99.999)
>5 (99.999)
>5 (99.999)
>5 (99.999)
>5 (99.999)

>5 (99.999)



3.3 The disinfectants susceptibility pattern against multidrug-resistant bacteria

The MICs of NaOCI required to inhibit bacterial growth differ for each bacterial strain,
with higher MICs (1094 mg/L) observed among CPKP and MRSA. The same for MBCs
was higher in CPKP and MRSA (Table 6). The MICs of MRSA for NaOCI was fourth
time higher than ATCC- S. aureus. The ESBL-Escherichia coli and MRSA had two times
increased in MBCs for NaOCI than ATCC-E. coli and ATCC- S. aureus, respectively. The
MICs and MBCs of 10% povidone were higher against all bacteria tested, with ESBL-
Escherichia coli, CR- A. baumannii and MRSA displaying highest MIC. The MBC of 10%
povidone iodine for both ESBL- Escherichia coli and MRSA was two time higher than
their MICs. The MICs of MRSA and ESBL-Escherichia coli for povidone iodine were
twofold higher than their reference ATCC strains. The MICs and MBC for QACs were
higher against all MDR bacteria and reference strains. The MBC of QAC were twofold
higher than the MIC for ATCC- Escherichia coli, CPKP, ATCC-S. aureus and MRSA.
(Table 5).
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Table 6: Minimum inhibitory concentration (MICs) and Minimum bactericidal concentration (MBCs) of routinely used

disinfectants for tested bacteria

Disinfectant’s Tested Bacteria

MICs ATCC-E. coli ESBL-E. coli CRKP CR- A. baumannii ATCC- S. aureus MRSA

% mg/L % mg/L % mg/L | % mg/L % mg/L % mg/L
NaOCI-3.5% | 0.06 547 0.06 547 0.11 1094 |0.06 547 0.03 273 0.11 1094
P1-10% 0.31 3125 0.63 6250 031 3125 |0.63 6250 0.31 3125 0.63 6250
QACs-10% 031 3125 0.63 6250 031 3125 |0.63 6250 0.31 3125 0.31 3125
MBCs % mg/L % mg/L % mg/L | % mg/L % mg/L % mg/L
NaOCI-3.5% | 0.06 547 0.11 1094 0.11 1094 |0.06 547 0.06 547 0.11 1094
Pl- 10% 031 3125 1.25 12500 [0.63 6250 |0.63 6250 0.31 3125 1.25 12500
QACs-10% 0.63 6250 0.63 6250 0.63 6250 |0O.63 6250 0.63 6250 0.63 6250

Legend: QACs- quaternary ammonium compounds; Pl - povidone iodine; sodium hypochlorite — NaOCIl; MRSA-Methicillin-Resistant
Staphylococcus aureus; ESBL-E. coli-Extended spectrum Beta-lactamase producing Escherichia coli; CPKP-Carbapenemase producer
Klebsiella pneumoniae, CR- A. baumannii -Carbapenem-resistant Acinetobacter baumannii, ATCC-E coli-Escherichia coli, American
Type Culture Collection 35918, and ATCC-S. aureus- Staphylococcus aureus, American Type Culture Collection 25923
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3.4 Comparison of efficacy for routinely used disinfectants in killing MDR bacteria

Figures 5 (A to F) compares the efficacy of three disinfectants against each bacterium
tested. 1% QACs were able to kill all tested bacteria at 5 and 10 minutes with significant
LR>5, as shown in figures 4(a), 4(b), 4(c), 4(d), 4(e), and 4(f). However, povidone iodine
was able to kill three bacteria (ATCC- E. coli, CPKP, and ESBL-Escherichia coli) at 5 and
10 minutes with LR>5. While NaOCI could kill only two bacteria strains (CPKP and
ATCC- E. coli) with LR >5 at 5 and 10 minutes. Therefore, it was shown that quaternary
ammonium compounds (QACs) are the most efficacious disinfectants, followed by

povidone iodine, and NaOCI was the least efficacy. (See Figure 4(a-f).
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Figure 4: (a- f) Bacteria Survival after 5- and 10-minutes of disinfectants exposure
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CHAPTER FOUR
4.0 DISCUSSION, STRENGTH AND LIMITATION OF THE STUDY

4.1 Discussion

Because there is an incredible burden of antibiotic resistance worldwide, bacteria are even
more resistant to routinely used disinfectants, which are essential for infection prevention
and control. This underscores the need for continuous monitoring of the efficacy of the
commonly used disinfectants in our setting. This study found that disinfectant exposure
time is essential for killing bacteria. All disinfectants demonstrated efficacy at 10 minutes
of exposure, effectively killing 99.999% of all tested bacteria. We also found QACs to be
efficacious at 5 minutes, but not povidone iodine or NaOCI. Furthermore, we observed that
different concentrations (MIC, MBC) inhibited or killed each bacterium, highlighting the
need for high disinfectant concentrations that enable the killing of all microbes. The study
also found that, MDR bacteria were more tolerant to disinfectants compared to susceptible

bacteria strains.

This study found that 1% QACs was efficacious at both 5 and 10 minutes for all tested
bacteria but not at one-minute, where only Gram-positive bacteria were eliminated. The
recommended exposure contact time for surface disinfection is one minute (56). A
previous study conducted in 2022, found that exposure times of five minutes and above,
were required for completely kill all bacteria (33). During the data collection, we
observed that, exposure time of one minute was applied for surface disinfection at the
study site. Therefore, exposure at one minute could have only killed Gram-positive
bacteria, while Gram negative would have survived, posing risk for infection prevention
and control. Hence, long exposure is required to kill Gram negative bacteria, as complex
structure of cytoplasmic membrane in these bacteria makes difficult to be Kkilled
(15,22,57,58). Therefore, it is important for the cleaner to adhere to the recommended time

depending on the types of disinfection intended to be performed.

Our study observed that, 10% povidone iodine was effective against all Gram-negative
bacteria when exposed for 1, 5, or 10 minutes. The only type of bacteria that did not

respond well was carbapenem-resistant Acinetobacter baumannii, which showed less
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reduction, similar to MRSA.. Previous studies conducted about ten years ago demonstrated
the greater efficacy of 10% povidone iodine against a wide range of microorganisms,
including MRSA, with a minimum Kkilling exposure time of 30 seconds to 60 seconds
(34,38,59-61). During sample collection and scrubbing, it is recommended that povidone
iodine should be applied and left on the skin for two minutes, while for wound dressing
should be administered and allowed to contact the wound for 72 hours(56). Despite the
observation that, the practice only adheres to the contact time for wound dressing, there is
no habit of waiting for two minutes during sample collection. This exposure time may not
kill MRSA and carbapenem-resistant Acinetobacter baumannii, which were tolerant of
povidone iodine. Therefore, the contact time during scrubbing and swabbing prior to
surgery and sample collection should be more than five minutes for better efficacy of

povidone iodine.

Although, one minute contact exposure to 0.5% NaOCI is recommended for surface
disinfection and ten minutes for soaking instruments and equipment during
decontamination (56). Our study observed that 0.5% NaOCI completely killed all tested
bacteria in 10 minutes, not in one minute. These results were similar to those of a
systematic review study done using practical methods that mimicked real conditions,
which showed that for NaOCI to eradicate all bacteria, it required a contact time of 10 to
30 minutes (62). However, our results were different from those of Damiano et al.'s in
2023, which showed a significant decrease in bacteria after one minute for freshly prepared
sodium dichloroisocyanurate (NaDDC) (35). The difference seen between NaOCI from
this study and sodium dichloroisocyanurate (NaDDC) from a previous study could be
because: first, the disinfectant that was collected might not have been made within a day;
second, it may not have been diluted properly; and third, the two types of disinfectant are
made of different substances. The 0.5% NaOCI was in solution form, while 0.5 % sodium
dichloroisocyanurate (NaDDC) was in tablet form; their strength might be different
because of their physical properties rather than their chemical nature (22). Hence,
extension to contact time is required for completely eradicate all germs during surface

disinfection.
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We observed that the MICs of MDR bacteria for NaOCI ranged from 0.06% to 0.11% (547
to 1,094 mg/L). These findings correspond to previous studies in 2018 , which showed that
the MICs of frequently isolated bacteria ranged from 0.039% to 0.078% (390 to 780 mg/L)
(16,37,63). This indicates that the MICs of MDR bacteria for NaOCI are still within
acceptable ranges and were lower than the ready to use concentration of 0.5% (5,000
mg/L). Therefore, because of their biocidal nature, they can still be useful as long as proper
preparation is adhered to and organic loads are cleaned prior to disinfection for greater
efficacy (64).

A recent study done by Boyce JM et al, in 2023, had shown that, the MICs of bacteria for
QACs were ranged from 200 to 16,000 mg/L (15). Our study findings were within that
ranges, which showed, the MICs of bacteria were ranged from 3125 to 6250 mg/L for
QACs. Thus, our study and that recent study, had significantly finding exceeded those of
previous studies which were done more than three years ago, which had shown MICs for
QACs were ranged from 2.4 to 156 mg/L (55,65,66). This shows that, under suboptimal
usage of QACs, MDR bacteria my acquire resistance genes likes qacE and qacAE1 through
horizontal gene transfer or plasmid gene transfer (37,67). Furthermore, an increase in
QACs consumption especially at substantial concentration has directly linked to antibiotic
resistance, due to its comparable chemical structure (15,36). Therefore, it is crucial to
practice disinfectant stewardship in order to minimize an unnecessary increase in bacterial

resistant to both antibiotics and disinfectants.

The MICs of bacteria ranged from 0.31 to 0.63% (3,125 to 6,250 mg/L) for povidone
iodine. These findings showed an increase in MICs compared with the previous study done
5 years ago by Antonelli A. et al., which showed that the MICs of various bacteria were
ranged from 64 to 512 mg/L (53). Although in vitro and in vivo studies have demonstrated
that 10% povidone iodine is effective, with quick and superior bactericidal action against a
wide range of microorganisms (61). The increase in MICs, particularly among MDR

bacteria, is of concern.

However, there was insufficient data to compare the increase in MBCs of disinfectants
over time between susceptible and MDR bacteria in the most recent studies (68).

Subsequently, this study found surprising increases in MBCs of povidone iodine against
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MDR bacteria. MRSA and ESBL Escherichia coli exhibited MBCs four times greater than
those of their reference bacteria strain. These results can simply indicate that povidone-
iodine resistance is growing. Moreover, carbapenemase producer Klebsiella
pneumoniae showed a high susceptibility to all disinfectants, indicating that antibiotic
resistance for some bacteria strains might be caused by alternative resistance mechanisms

that are independent of the microbicide resistance gene (20,65).

Comparing all three disinfectants, QACs were found to be more efficacious than povidone,
iodine, and NaOCI. This is because QACs work quickly to cause cell lysis (14,22,57).
Although QACs were more efficacious, their effectiveness varies based on concentration
and exposure time. Therefore, it is important to consider other factors such as the type of
pathogen, the side effects on the user following exposure, and compatibility with different

surfaces (69).
4.2 Strength of the Study

The use of quantitative suspension methods allowed reproducibility of the results on
evaluation by using log reduction. Also, disinfectant susceptibility results added value to

the findings, including the remarkable resistance observed in povidone iodine.
4.3 Limitations of the Study

Only multidrug-resistant strains of MRSA, ESBL Escherichia coli, CR-A. baumannii, and
carbapenemase-producer Klebsiella pneumoniae were used rather than including a wide
range of different microorganisms. This because, these bacteria are most prevalent in our
setting. Viral strains were not included due to the laboratory setup constraint for culturing
the viruses, and fungal strains were not involved due to their lesser isolation. Molecular
characterization of disinfectant and antibiotic resistance genes was not done due to

insufficient funding and limited study time.
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CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Disinfectants have a vital role in avoiding the spread of infectious diseases in hospitals, as
well as, in the community. The findings from this study revealed that, the minimum
exposure contact time required to eradicate all bacteria is between 5 and 10 minutes. It was
found that QACs, are more efficacy than povidone iodine, and NaOCI. Additionally, MDR
bacteria revealed high disinfectant tolerance when compared to ATCC reference bacteria,
this showed a notable rise in disinfectant resistance. However, carbapenemase producer
Klebsiella pneumoniae showed a high susceptibility to all disinfectants, indicating that
antibiotic resistance for some bacteria might be due to alternative resistance mechanisms

that are independent of the microbicide resistance gene.
5.2 Recommendations

e QACs should be used for surface disinfection rather than NaOCI. This due
to fact that the procedure of surface disinfection is done immediately

without wait longer contact time.

e The 0.5% NaOCI maintained significant efficacy at 10 minutes, then should

be continuing used for equipment/instrument decontamination.

e Due to remarkable disinfectant’s resistance, it is necessary to evaluate their
efficacy continuously, including establish a regular surveillance for

disinfectants available in the markets.

e Disinfectants stewardships should be established, so as to combat
antimicrobial resistance (AMR), this will help to aligning with the National
Action Plan on Antimicrobial Resistance (NAP on AMR).
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APPENDICES

Appendix I: Data Collection Tool 01

Disinfectant Name......... ......Collection Date ............ Day...

Contact time | Test number | ATCC-E. coli | ESBL-E. coli | ATCC-S. aureus | MRSA

Initial T1

T2

T3

1 min T1

T2

T3

5 min T1

T2

T3

10 min T1

T2

T3
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Appendix I1: Data Collection Tool 02

s/n

Disinfectants

Exposed organism: i.e. MRSA, ESBL E. coli, Escherichia coli
(ATCC 35918), and Staphylococcus aureus (ATCC 25923)

18trun | 2n
run
1 | Sodium Concentration (% and mg/L) MIC
hypochlorite
(NaOCil)
MBC
2 | Quaternary Concentration (% and mg/L) MIC
ammonium
compound
(QACs),
MBC
3 | Povidone lodine | Concentration (% and mg/L) MIC
MBC
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Appendix I11: Ethical Clearances

UNITED REPUBLIC OF TANZANIA
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGY ’7‘ "‘;,%
MUHIMBILI UNIVERSITY OF HEALTH AND ALLIED SCIENCES \‘ 8

OFFICE OF THE DIRECTOR - RESEARCH, PUBLICATIONS
AND INNOVATION

Ref. No.DA.282/288/01.C/2001 Date: 1912/2023

MUHAS-REC-12-2023-2001
DANIEL PAUL MWANDU
COLLEGE OF MEDICINE
MUHAS '

RE: APPROVAL FOR ETHICAL CLEARANCE FOR A STUDY TITLED:
EFFICACY OF DISINFECTANTS AGAINST MULTI-DRUG RESISTANT
BACTERIA ISOLATED FROM CLINICAL SAMPLES AT MUHIMBILI NATIONAL
HOSPITAL. DAR ES SALAAM, TANZANIA.

Reference is made to the above heading,

| am pleased fo inform you that the Chalrman has on behalf of the University
Senate, approved ethical clearance of the above-mentioned study, on
recommendations of the Senate Research and Publications Committee meeting
accordance with MUHAS research policy and Tanzania regulations goveming
human and animal subjects research.

APPROVAL DATE: 19/12/2023
EXPIRATION DATE OF APPROVAL: 19/12/2024

STUDY DESCRIPTION:
Purpose:

The purpose of this laboratory-based experiment sludy is to determine the efficacy
of disinfectants against multidrug-resistant bacteria isotated from clinical samples
at Muhimbili National Hospital.

The approved protocol and procedures for this study is attached and stamped with
this letter, and can be found in the link provided:

https:lfrb.muhas.ac.lz!stofageICerﬁﬁeatesICertiﬁcate%ZO-%zo14801.pdf and in
the MUHAS archives.
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The Pl is required to:

o o

10.The Pl is required fo ensure

11.Pl is required 10 be versed with necessary taws and 1

Dr. Nahya Salim )
Chairperson, M

:t::r:n bi-annual progress reports and final report upon completion of the
Report to the IRB any unantici ted problem ing ri ;
others including adverse events ::\ere :rpplicabl:.wowg i o
App_ly !or renewal of 'approval of ethical clearance one (1) month prior its
expiration if the study s not completed at the end of this ethical approval. You
may not continue with any research activity beyond the expiration date without
the approval of_the IRB. Failure to receive approval for continuation before the
expiration date will result in automatic termination of the approval for this study
on the expiration date.

Obtain IRB amendment (s) approval for any changes to any aspect of this
study before they can be implemented.

Data security is ultimately the responsibility of the investigator.

A_pply for and obtain Data Transfer Agreement (DTA) from NIMR If data will be
transferred to a foreign country.
Apply for and obtain Material Transfer Agreement (MTA) from NIMR,
research materials (samples) vl be shipped to a foreign country.

Apply for and obtain permission to publish the results from National Institute for
Medical Research. The application should be before submitting to a publsher
and not concurrently through the emall publlcaﬁons@nimr.or.tz.

Any researcher, who contravenes or fail to comply with these conditions, shall
be guilty of an offence and shall be Eable on conviction to a fine as per NIMR

Act No. 23 of 1879, PART Il section 10 (2)

that the findings of the study are disseminated 10

relevant stake holders.
egulatory policies that

lable on our website

govem research in Tanzania. Some gui
hnpszlldrp.muhas.ac.tz!. /5
AL

UHAS Research and Ethics Committee
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Appendix 1V: Introduction Letter

THE UNITED REPUBLIC OF TANZANIA

MINISTRY OF HEALTH

MUHIMBILI NATIONAL HOSPITAL

S —————————
in reply please quote:
Ref No.. MNH/ICRTCU/Perm/2024/1041 Date: 24™ January, 2024

Head of Department
Central Pathology Laboratory

Muhimbili National Hospital
RE: PERMISSION TO COLLECT DATA AT MNH
| Namae of Student Daniel Paul Mwandu
| Title “Efficacy of Disinfectants Against Mult-Drug

Resistant Bacterial Isolated From Clinical Samples
at MNH Dar es Salaam Tanzania."

Institution T Muhimbili University of Health and Allied Sciences
Supenasor | Dr_ Joel Manyahi (MUHAS) N

Co - supervsar | Dr. Salim Masoud (MNH)
Penod szd" January 2024 to 30" May 2024 =

Approval has been granted ho the above principal investigators to collect data
at MNH Dissemination of study findings at MNH shall be overseen by Dr.
Salim Masoud (MNH) supervisor.

Kindly ensure the named princpal lnvestﬁﬂnt ??-de to the ethical pencipies

and other conditions of the research ap HEG c.,,.
=7
Q Cr.ro‘sOOJ ‘{‘}:
RES S W JE
~ ; .:'-
Dr. Charles K. L
For: Head of Clinical Research, Training ana“bo'hsuluncy Unit

¢.c DCSS
c.c Dr. Salim Masouwd
c.c Daniel Paul Mwandu

Upanga Yiesl, Kalorga SUoet, Pist No. 104503, P 0. BOX 65000, Dar os Sakam, Tonzans
Teiophone +255-22-2151367-9, Telophone +255-22-2151351.2
Emal: ndmoh o012, Wiebate: sy moh ootz
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