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SUMMARY

EVALUATION OF ENDOSCOPE DISINFECTION METHOD

Begum TOPUZ (FTCI

Biomedical Engineering Programme
MSc Thesis

Advisor: Assist. Prof. Dr$uikrii OKKESM

Endoscopy is the instrument that assistances dottodiagnosis gastroenterological
syndromes in numerous ways. For the reason of engasprocedures are frequently
applied, cleaning of it is certainly important teduce the contamination of illnesses
from one to another patient.

Term of sterilization is based on the cleaning psscwhich is destruction of all
microorganisms, fungi, bacteria also, bacterialrepoThe term of disinfection is also
destroying all kinds of microbial life from the $ace but bacterial spores. Although
these methods seems to be enough for adequaténgedrendoscope, the structure of
it is not suitable for using both ways to achiel@aned surface due to its plastic made
structure. Heat and corrosive chemicals destrogsstirface of endoscope and these
effects cause some damage on endoscope surface, ddrosive parts are the best
places for hidden bacteria if it is not cleanedugio

In this thesis effectiveness of different chemicatsich is using in HLD method as
enzymatic, gluteraldehyde, peracetic acid, ethgbtadl and their concentration values
also, exposure times are examined on highly eneoedit nosocomial bacteria
Pseudomonas aeruginosaATCC27856. After the con&dimin of endoscope with

bacteria to detect the effectiveness of HLD metfdildfion counting method was used

to get the bacteria numbers. Results show thatemgllatehyde is highly effective

chemical for HLD. However, peracetic acid has riaiven the same effectiveness even
intensive concentration of it. On the other hanmzyenatic solution has not impressed
the hygiene of the endoscope the reason of its vemgeeffect on organic material.

Additionally, for the positive control different noentrations of ethyl alcohol also
examined due to its highly effective sterilizatimechanism.

Keywords: High Level DisinfectionPseudomonas aeruginosa, Endoscope Device.

FATIH UNIVERSITY - INSTITUTE OF BIOMEDICAL ENGINEER ING
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OZET

ENDOSKOP CIHAZI DEZENFEKS IYON YONTEM ININ
DEGERLENDIRILMES]

Begim TOPUZ (FTCI

Biyomedikal Muhendisfii Programi
Yuksek Lisans Tezi

Dansman: Yrd. Dog. DrSikri OKKESM

Endoskop cihazi, géli sindirim sistemi rahatsizliklari gbisinde doktorlara yardimci
olmaktadir. Endoskopislemi ¢ok sik uygulangandan dolay! bir hastadan gérine
hastalik bulgmasinin 6nlenmesi igin temigiison derece dnemlidir.

Sterilizasyon terimi bir ylizey veya alandaki butimkroorganizmalarin, mantarlar,
bakteri ve bakteri sporlarinin tamamiyla yok edgmeanlamina gelmektedir.
Dezenfeksiyon terimi de sporlu bakteriler haricikideltiin mikrobiyal varliklarin yok

edilmesi anlamina gelmektedir. Her ne kadar bu e/digr endoskop cihazinin etkin
temizligi icin yeterli goziikse de endoskop cihazi yapidariyle her iki yontem de

uygun deildir..

Bu tezde, ylksek seviyeli dezenfeksiyon metodundiatilan enzimatik, gluteraldehid,
perasetik asit kimyasallarinin ve gilgk konsantrasyonlarinin etkigii ve kimyasala
maruz kalma sireleri siklikla kallasilan hastane enfeksiyonuna sebep olan
Pseudomonas aeruginosaATCC27853 bakterisi Uzerinde denentmi Bu bakteri ile
kontamine edilen endoskop cihazina yuksek sevigelienfeksiyon (HLD) siemi
uygulandiktan sonra bakteri sayilarinin belirlenim#s dilisyonla sayim metodu
uygulanmgtir. Sonuclar gluteraldehid’in yiksek seviyeli defaksiyon uygulamasi icin
oldukga etkili oldgunu gOstermektedir. Ancak, perasetik asit dahagugo
konsantrasyonlarinda bile ayni etkiyi gosterengémi

Anahtar kelimeler: Yiksek Seviyeli DezenfeksiyoRseudomonas aeruginosa,
Endoskop Cihazi.

FATiH UNIVERSITESI -BIYOMED iKAL MUHEND iSLIK ENSTITUSU
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CHAPTER 1

INTRODUCTION

1.1 Purpose of the Thesis

Endoscope is a medical device that contains lightce, air, and water and suction
channels also; there is a special tip for biopsylstoAll narrow lumens and each
flexible part of endoscopes have to be well cleaaker the operation to reduce the

contamination risks [1].

There are many reports show that nosocomial irdestiransmitted from one to other
patients after endoscopic procedures which helpodeoto diagnose the gastrointestinal
disorders such as presence of dysphagia, painfallemng, and esophageal cancer
suspicious, reflux, upper digestive tract bleedargl the presence of polyps in the

stomach [2].

Some of the diseases are contaminating with theebawfPseudomonas aeruginosa,
Mycobacterium tuberculosis, and Helicobacter pylori even in some cases HIV the
reason of the fact that inadequate reprocessiegadscopes [3].

Medical equipment’s are under high risks of nosaebnmfections transmission from
one patient to another. The reason of why Dr. Hl Bpaulding classified all medical
equipment as critical, semi-critical and non-catidems is that cleaning procedures of

them are highly separated from each other [4].

For Spaulding classification items which penetthtesterile tissue should be sterilized.
The term of sterilization is the process of extisping all microbial forms from the
surface or the area. Sterilization is can be agph&h steam under pressure, ethylene

oxide, hydrogen peroxide gas plasma sterilizatgenés etc [5].

On the other hand, semi-critical items like endpgsowhich do not penetrate the sterile
tissue should be high level disinfected at all. prevent the contamination risks it is

highly important to be applied adequate endoscapeocessing. Disinfection as a

1



chemical process and cleaning as a physical proeedath steps are parts of the

reprocessing endoscopes [6].

Physical and chemical cleaning are the steps df leigel disinfection procedure which
is been using in clinic. Physical cleaning procesdased on removing the organic
molecules from the endoscope surface with aldelfigesolution is called enzymatic.
Enzymatic is the solution that contains enzymesylase due to remove organic

structures such as lipids, blood, proteins fromsiindace [7].

Chemical procedure is based on cleaning with cha&mievhich contain different
concentrations aldehyde, peracitic acid etc. Algiothese chemicals are effective to
disinfect the area, they do not provide effectileaning for endoscope’s narrow lumens

and tiny channels [6].

In the literature, there are many studies on reg@siog of endoscopes in different
assumptions. Although, American Society for Gastestinal Endoscopy has a

description for reprocessing procedure it has ndtiewed adequate successfully
cleaning yet. In this thesis, at first we deterrditiee description of endoscopes and its
disinfection ways with comparing other methods fribra literature studies and then we
illustrated the effectiveness of chemical compounddifferent concentration and their

exposure times on resistant bact&saudomonas aeruginosasATCC27853.

1.2 Arrangement of the Thesis
This thesis is set up as follows:

_In the next chapter, information muscular systdetinition and generation, recording
process of electromyogram and mechanomyogram sighfF in EMG and MMG

signals and EMG-MMG signal processing are presented
_In the third chapter, materials and methods &f tthesis are represented significantly.

_In the fourth chapter, obtained results also,udison with conclusions are
represented.



CHAPTER 2

BACKGROUND INFORMATION

This section contains illustration of endoscopauddtire, main ideas of Spaulding
classification, reprocessing steps are been usinglimics, definition of high level

disinfection also, characters of nosocomial baateri

2.1 Upper Gastrointestinal System

Stomach is almost J/bag-shaped, first intra-abdalhdigestive system organ that has
mainly cardia, body and pylorus parts. In digessystem, eaten nourishments after it
get wets with amylase enzyme in saliva in phargothrough the esophagus and then
reach in to stomach. Stomach has two holes whiehodnt called cardia that connects
the stomach to esophagus and the other's namdiisnopyloric which also makes a
connection between stomach and duodenum as cagepeirs Figure 2.1. Eaten and

digested nourishment finally reaches to duodenuentbup the digestion [8].
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Figure 2.1 Anatomy structure of the stomach [9]

Interface of the stomach structure is covered witltous membrane which protects the
stomach walls from HCI acid that helps to food dige. Also, stomach has 2 surfaces
and 2 sides filled with oblique fibers and circulanooth muscles due to providing

peristaltic movements every 15-20 seconds fromiaaodpylorus.

Such a protective surface does not enough to preyastrointestinal disorders as well.
These disorders occurs due to the fact that sonysigdbgical and psychological
factors. Physiological factors are highly effectisencrease of the illness impact. Many
researches indicate that bacteria, germs and giraisginate the pathological illnesses.
On the other hand, psychological factors such assst sadness, apprehension,
desperation also reduce the disease factors ddecteasing immunological responds.

Thus, diminishing of immune answers relates witbuoence of illnesses.

Even though, originates from physiological or péthaal reasongielicobacter pylori
which cause gastritis, ulcer at the end stomaclteraspearheads the gastrointestinal
disorders. Another pathological factor is nosocdrméections which originate from

hospital reserves such Bseudomonas aeruginosa bacteriaSalmonella sp. etc [10].



2.2 Gastro Endoscopic Device

Gastro endoscope is a medical device that assidbntprs to examine gastrointestinal
disorders with its narrow tube which contains fer slender lumens and optical lens

system goes through the digestive pathway [2].

First design of the endoscope was insufficientastiucture with rough tube channel in
front of the candle. Even though, Philipp Bazzised reflection of light system in
endoscope his invention had still hazardous waypébient due to candle’s poisoning
oil. Kussmaul was a doctor in the middle of"1&entury who improved Bazzini's
endoscope design with adding first flexible tube tieason of the fact that earlier
endoscope was very rough and hurting patients. dénalopment made an approach as
the first gastroscopy terminology is been used.thdlgh, the design of endoscope
device was theoretically enough, it was not adegtatperforming in clinical trials.
Due to the fact that designed flexible tube wagsasnimg the thickness and the risks of
hurting patient. In 20 century American Doctor Logie Baird and his tearadm an
endoscope design which achieves the adequate ifigxiand a tinny lamp in the
terminal point of the endoscope. Their clever ini@nmethod was based on optical
system of submarines. Also, optic lens systems] tght, mini color video cameras
developed and took the significant place in clinitatest of 28 century too [11].

Every nationality added some qualities such asniggascientist used little camera to
get the images instead of using lens system as hestede. With the camera system

getting images with endoscope became much easiduantional than before.

Although, endoscope invention and developmentnsoat recent novelty in clinic, it
improved rapidly and helping doctors to diagnosedhstrointestinal disorders such as
reflux, painfully swallowing, ulcer, esophageal can upper track bleeding, painfully
vomiting, polyps and their suspicious in stomackl daodenum with its light guide
connector, light guide tube control body internatrument channels which contains
insertion tube and bending section in Figure 2.2.

There are different areas that endoscopic procedamne applied such as gastroscopy,

colonoscopy, bronchoscopy, laparoscopy, arthrosdéRZP (endoscopic retrograde



cholongio pancreatographyl), cystoscopy etc. Mdamaiof all endoscopic applications
Is to see inside of the organs and channels [12].

Light Guide

Video
Tube

Remote
Switches

Control

Light Guide

Connector Internal
Instrument
Channels

(within insertion tube
and bending section) \

Insertion
Tube

Bending
Section

Figure 2.2 Endoscope Parts [13]

A modern endoscope has tubular lumen system whidrsf go through in it, lens
system to get the image, power supply which geaesrpbwer for light bulbs, air and
water channels inside of the lumen which helps atscto get better view during the
endoscopic procedure. Also, at the edge of the smog® lumen there is a part that

assisting to take biopsy from the tissue whichlmaiseen in Figure 2.3.

Figure 2.3 Endoscope Tip Part-Light, Air and W&ection



On the other hand endoscope lumen is made fromplastic; non-metallic structure
which obtains elasticity to the endoscope alsoadyin controller leads convenience to
doctors during the application. For gastro endossdpere are two types of endoscope
device is been using in clinic which are nameddraynd flexible endoscopes. Although,
rigid endoscopes can be sterilized and seems tontwee effective than flexible
endoscopes — cannot be sterilized- due to theipestaad adversity of enforcement
makes rigid forms less preferable thus, flexibldaatopes has priority to be applied in
clinic. With bending capacity, elasticity and eassage of flexible forms appeal the
endoscopic procedures day by day. It is well knothat 46,5 million surgical
applications and more invasive medical procedum®werformed in United States and
almost 5 million gastrointestinal endoscopic amilmn are performing for every year
[14].

2.3 Nosocomical Infections

Nosocomial infections are very significant and wumdable problem in clinics for many
years the reason of their multi drug resistancéloSocomial infection originates from
hospital resources by smudging from one patierdnother with hospital instruments
such as bronchoscopy tools, respiratory equipmemi, endoscopic materials. Elder
people, children and new born babies, cancer gatiare under the high risk of
nosocomial infection due to their sapless immurstesy. Especially urinary catheter

using patients should be very careful in orderaaght urinary infection.

To highlighting the severity of the problem, rasesl numbers of nosocomial infections
of intensive care unit in United States and eff@ateganisms illustrated in Table 2.1.
Although, antibiotics are made for bacteria, thegdme more resistant than before day
by day. That is why hospitals are counting riskgaathe reason of including bacteria

rate comparing with other places.

Hospital’s one of the infection risk departmenéersloscopy units the reason of the fact
that non-sterilized structure of endoscopes caose gastrointestinal pathogens which
are shown in Table 2.2, constitutes by transmissibe bacteria from one to another

patient after endoscopic application as many studidicated that.



National Nosocomial Infections Surveillance Systé&weport, Centers for Disease

Control and Prevention, Atlanta, Georgia, USA

*The total number of nosocomial infections in indem care units during a recent 8-

year time period was 92,454.

Table 2.1 Nosocomial Infections Rates in Intensiage Unit [15]

BIoodstreanl\PneumoniaUrlrlary
Track

Pathogen Number Number Number
Enterobacter spp. 1,083 4,444 1,56
E.coli 514 1,725 5,393
Klebsiella pneumoniae 735 2,865 1,891
Heamophilus influenzae 1,738
Pseudomonas aeruginosa 841 6,752 3,365
Staphylococcus aureus 2,758 7,205 497
Saphylococcus spp. 8,181
Enterecoccus spp. 2,967 682 4,226
Candida albicans 1,09 1,862 4,856
Other pathogens 3,774 12,537 8,075
Total number* 21,9438 39,81 30,701
Total % 23,7 43,1 33,2

E.coli, Pseudomonas aeruginosa, Enterobacter spp. Salmonella spp. are highly
encountered bacteria types which cause gastramaeddisorders such as painfully
swallowing, severe vomiting, dearie etc. Also, oh¢he common bacteria which is not
in the Table 2.2 igielicobacter pylori that cause ulcer, gastritis even stomach cancer if

cannot prevented in early stage of disease.

To prevent the contamination risks and get infeetedoscopic reprocessing should be
done meticulously and efficaciously. Although, @ssing of endoscope is highly
important, technician’s motivation and cautiouskrfprming are also have effective
role of endoscope cleaning. Moreover than repracgssarrangement of which

equipment should be disinfected or sterilized ésrtiost important constituent.



Table 2.2 Gl Tract Pathogens Potentially Encountérering Gl Procedures [16]

Other Gl
Track/Bloodborne
Gl Track Bacteria Pathogens
Clostridium difficile Norovirus
Enterococcus/VRE Hepatisis B
Enterobacteriaceae(CRHE)epatisis C
E.coli HIV
Proteus spp.
Klebsiella spp.
Enterobacter spp.
Serrotia spp.
Salmonella spp.
Citrobacter spp.
Shigella
Yersinia
Saphylococcus spp.

(including MRSA

2.4 Spaulding Classification

Every medical instrument has different physical rabteristics to determining their
resistivity under different conditions. Comparisof the refractory materials with
nondurable instruments, prearrangement of clegmiogess is extremely significant for
decontamination units in clinic. Due to applicatiohinappropriate decontamination

procedures may be the root of problematic, unwargsdlts.

Dr. Earle Spaulding made a medical instrument gleason and their decontamination
process classification which eliminate the detritnermedical devices and prevent the
contamination risks due to critical degree progsrin 1939 and that clear and rational
classification still protects its accuracy and cmied from many hospital infection

units.

Medical devices are using in clinics such as satgmols, cardiac and urinary catheters,
implants and ultrasound probes used in sterile bealyty, which penetrates sterile
tissue and vascular system are consuming as trdeaces also, they need to be
sterilized for Spaulding Classification.



On the other hand, there are some devices thatan hsing in clinic which do not
penetrates sterile or intact tissue but mucous mamelsuch as respiratory therapy tools
and anesthesia equipment, endoscopes, laryngositages, esophageal manometer
probes, cystoscopies and diaphragm fitting rings alf under semi-critical items
category due to Spaulding Classification and theguired at least high level
disinfection applying with chemical disinfectan]1

The other medical device types are used in cliriecly have carrying the lowest risk
degree are patient care items and environmenticas are taken into account as non-

critical items under Spaulding Classification [18].

Bedpans, blood pressure cuffs and computers arer winel classification of non-critical
items which do not have any contact with non-intsldh or mucous membranes the
reason of the fact that there is not any risk refmrtransmission of contagious agents

to patients [19].

One of the other non-critical element category as-aritical environmental surfaces
such as bed rails, bedside tables, food utengsts @tient furniture and floors that are
hypothetically minor transmission by infecting hanaf by healthcare workers or by

touching medical apparatus that in some way assscpatients [20].

For Spaulding Classification, it is enough to bepleg low level disinfection
procedures for non-critical items even though tevpnt their low risk degree of

contamination [21].

To get better aspect of Spaulding Classificati@finitions of sterilization, disinfection,

high level disinfection, low level disinfectionsaild be known as well.

2.5 Definition of Sterilization, Disinfection andHigh Level Disinfection Terms

Sterilization is definition of the process thatnahating of all microbial life such as

bacteria including spore forms, viruses, and furgn the surface or is with physical or
chemical agents like steam under pressure, dry Bdgtlene oxide, hydrogen peroxide
gas plasma and liquid chemical components in c[22g.

One of the sterilization instruments is autoclavéigure 2.4 that working principle is
based on effecting microorganisms under standatdugh pressure and temperature

which under 13AC 3-3,5minutes in pre-vacuumed chamber, under°’@220-45

10



minutes none-prevacuumed chamber and®@2I5minutes in pre-vacuumed chamber.
The advantage of the autoclave is the economic twasterilize instruments without
toxic effects thus, safe for environment but theme some disadvantages and limitations
of autoclave that heat and humidity sensitive niatersuch as plastic, also oily
components like soft paraffin con not be sterilingth autoclave. That is the reason of
endoscopes cannot be sterilized with autoclavetduts similar plastic material is not
appropriate for being under high pressure and tesype. As an additional information
that suffix -cide or -cidal are very common ternts £xpressing the meaning of
exterminate or wipe out the microorganisms idesdifithrough the prefix. For
occurrence, term of “germicide” means an agent Wwhiontains disinfectant and

antiseptics that eradicates germs as pathologicaborganisms.

Figure 2.4 Autoclave Device

The second sterilization instrument is dry heatilstation with the device of Pasteur.

Dry heat sterilization agent is invented by Luisstear 1863. Principle of pasteur is
based on sterilizing the mostly heat resistanthoumidity sensitive materials under dry
heat flow in standardized high temperatures whieh Jahour under 170°C, 2 hours
under 160°C, 2.5 hours under 150°C, 3 hours und@td. The advantage of dry heat
sterilization is the low expenses and easy usagkdat resistant material’'s even closed
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pots, sterilization without drying process with tretling of only one heat parameter.
However, dry heat sterilization is not approprifde heat sensitive materials such as
plastic, rubber and paper based materials dueytheht applied temperature is always
higher than their dissolving degree. As similaraagoclave, dry heat is not proper

sterilization way for endoscopes too.

One of the other sterilization techniques is ethglexide sterilization way which gets
the name from invisible, heavier then air and oderoas ethylene oxide gas compound.
Although, ethylene oxide’s biocidal property hasrided in 1859 and used to sterilize
medical aspects during World War 2, 100 % pure letleyoxide gas has highly toxic
and explosive futures. Due to reduce the toxicftyhe gas and prevent the damage to
patient and technician, ethylene oxide is usinfipim of combination with other gasses
such as CFC, HCFC, GOWith these gas combinations, ethylene oxide tasdization
can be proceed under low temperature that is higghlyer temperature comparing
autoclave, 37-55 °C with under appropriate presame humidity. Although ethylene
oxide seems to be best way of sterilization tealmigyith effective penetration quality,
toxic properties and gas residuals in lumens afteration make ethylene oxide
sterilization less preferable in clinics due togumiing effects on patients. To reduce the
gas residual effects the equipment which was stedlwith ethylene oxide should be
aerated at least 8 hours to remove the hidden geglps also, if it is possible it
aeration period should be take 24 hours too. Howethe frequency of endoscopic
applications and limits of endoscope devices inlipufiospitals reduces the aeration
times due to their frequently usage. When the pagaposed to ethylene oxide gases,
corrosion of lungs and other organs occurs in sieomh periods. On the other hand, the
other chemical effect is eye irritation and damafe&echnicians. With the combustible
and toxic properties ethylene oxide sterilizatiechinique becomes inappropriate usage

in clinics.

Control mechanisms of ethylene oxide sterilizateme substantiates with physical
control, chemical control and biological indicatevhich helps to technician if

sterilization process is applied successfully. Ehesntrol groups can be observed with
physical parameters of the device and chemicalcatdis of chemicals also the
biological indicators which properties is well knovineat resistance bacteiacillus

subtilis indicators. After observation of control mechanisimsd achievement of
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successful sterilization technician documents thsults and all information’s of

sterilized device and the process.

One of the other effective sterilization methodgas plasma sterilization method which
working principle is based on plasma induction withteractions between
electromagnetic field and some chemicals in cahichsas hydrogen peroxide or
peracetic acid thus occurrence of free radicalsymital precursors also, ultra violet
light and biocidal effects of the plasma phageseurdw temperature conditions. For
biological indicatordBacillus subtilis indicators are also using too as many sterilization
techniques. High penetration capacity of plasmasphand sterilization effectiveness
makes gas plasma sterilization method unique degpe fact that there are some
limitations of methods usage on hydrogen peroxlusoeptive structures like cellulose,
nylon surfaces. On the other hand gas plasmais&idin technique is not appropriate
for cupper-nickel compounds due to occurrence tdlgiac burnings with live wires.
One of the other detrimental area of gas plasmdizéion method usage is endoscopic
devices the reason of the fact that organic salfidk organic emulsions which gets
reactions with hydrogen peroxide easily. Thesep@riies and cost effects of gas
plasma sterilization make the sterilization mettegs unfavorable. In Figure 2.5 gas

plasma sterilization device can be seen.

Disinfection is also a cleaning process that target destroy all or many of
microorganism’s bacteria, viruses and fungi witimfiection agents such as liquid
chemicals or wet pasteurization technique but enthe sterilization, disinfection has
not sporicidal character. The significant differermetween the high level disinfection
and low level disinfection terms is based on thentical exposure time degrees to the
surface. For instance, to get the effect of deitibn exposure time of chemicals
should be about 10-12 hours, to achieve the higél ldisinfection it is enough to be
exposure less than other about 20 minutes 2%gldédrgde and to see the low level
disinfection effect exposure time should be decle®s than 10 minutes. Evidently,
effects on bacteria numbers there will be diffeeefrom each other likewise, while the
long exposure application kills many of microorgans almost all, short exposure time

application will reach to the destruction of somadi, bacteria.
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Figure 2.5 Gas Plasma Sterilization Device [23]

Another significant step for disinfection and ev&erilization procedure is cleaning
which mean the destruction of organic or inorganaterials from the surface by using
water, detergent or enzymatic. Due to prevent thetdsial growth on organic and

inorganic material cleaning process is highly intaot the reason of the fact that
organic material is perfect area for bacterial ghowith its lipid, carbohydrate, protein,

nucleic acid structures which are the keystonesafime cells to produce the needed
energy and hormones for regulation systems. Atse,highly important that inorganic

material on the surface for bacterial growth du&gasource of water, acid, base, salt,
ionic structure which con not be produced by bazténat is why required to be

obtained from the outside to regulate their baatenetabolic actions.

Disinfectants are antimicrobial agents which shdwédapplied inanimate surfaces and
should not be applied to skin or any tissue dugradibit injure of the tissue. The other
part of germicide is antiseptics germicide agenisciv should be applied to skin not
surfaces. As the clearness of the meaning, viruefdes to solution which kills viruses,

fungicide refers to agent that kills fungi and spidle means an agent which kills spores
in literature.
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For FDA (Food and Drug Administration) adequatehhigvel disinfection definition
with application of cleaning procedure is basedaohieving 6-logy kill of appropriate

Mycobacterium sp. to prevent the contamination risk of infections][24

There are some disinfection methods are been usinginics for eliminating the
damage of semi-critical items which cannot be aubéterilization techniques. Some of
the chemicals are highly effective to achieve tlsnéecting surfaces at least effecting

vegetative forms of bacteria, viruses, fungi [25].

Alcohol is one of the chemical solutions that kilgetative forms of bacteria, viruses
and fungi due to devastating protein structuretheim under diluted concentrations of
absolute alcohol approximately 60% and 70%. Althgug0% ethyl alcohol affects
vegetative bacteria rapidly easy aeration of thetem cause prolonged application
problems which limits the destruction efficiencyrithg disinfecting endoscopes are

complicated instruments with narrow lumens and oplaets [26, 27].

One of the other disinfection chemical solutions ehlorine and chlorine compounds
which are widely using in water disinfection to yeat the water-borne diseases which

sources of vegetative bacteria, viruses, mycobactemngi at all [28].

Even though chlorine has powerful disinfection effeon many microorganisms its
rigorous corrosive odor affects the operator wha ba affected by its maximum
concentration that causes a cancer [29].

One of the other chemical solution is been usingdiimc called formaldehyde which is
well known of its odor that cause corrosive damagesn under 1 ppm and the
suspicious of formaldehyde’s injuries to lungs thatise respiratory difficulties like
asthmd30].

Even formaldehyde has germicidal, sporocidal, vifalceffects on microorganisms and
using the disinfection of surgical instruments gmeparation of viral vaccines as
influenza, chemical corrosive properties detralés utilization of the solution in clinic
as well. On the other hand many studies indidededffect time of formaldehyde is
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longer than duration of gluteraldehyde which is elydusing area in disinfection units
[31].

Gluteraldehyde is one of the high level disinfegtichemical solutions which are
approved by FDA (Food and Drug Administration) doeits biocidal activity under

base conditions pH 7.5-8.5 which is the best lévgdolymerization of gluteraldehyde
molecules until 14 days to achieve the effective@ndiection level with alkination agents
as sodium bicarbonate [32]. After 14 days polynaian deactivates or blockages the
vigorous site of gluteraldehyde molecules whichdtedess effective and even non-

effective disinfection process [33].

Many study established that the 2% concentrationenod it has extremely effective
solution to abolish vegetative bacteria forms und@erminutes, Mycobacterium
tuberculosis bacteria, fungi and viruses under 10 minutes drdeoation of Bacillus
and Clostridium spores approximately in 3 hours adentical operative
accomplishments of it for the literature [34, 35].

Even results and studies showed that gluteraldeilsyttee best way to performing high
level disinfection it is highly toxic chemicals vehi is the reason of respiratory
problems, eye nose irritation, and allergic dertizatalso pulmonary problems by
corrosive effects for technicians and people whakwaith [36]. Due to reduce the
hazardous effect of gluteraldehyde solution teaghnicshould use protective gloves,
cloths and impervious mask for the odor also, amraif the room should be controlled

8-12 hours to prevent the vapor of irritation gd8&$.

One of the disadvantages of usage gluteraldehyd#idmfection is dilution rates of the
chemical are increasing with the water remains umdns come from cleaning

procedure [38].

One of the other type of chemical is approved byAR® hydrogen peroxide chemical
solution which is a stable chemical under propednditions and has a widely using
area and preferable for the disinfection of vetdils, fabrics, endoscopes and contact
lenses due to hydrogen peroxide’s destruction &ffex bacteria, yeasts, fungi, viruses,
spore forms of bacteria also, no need to be aetivathile manual and reprocessing

applications during reuse time 21 days [39-44] [45]
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On the other hand, usage of hydrogen peroxidehéghdevel disinfectant and chemical
sterilizer it is used for disinfection of drainabags due to reduce the risks of blood
carrying contamination which was successful wayingerted hydrogen peroxide to

drainage bags but not enough to eliminate the tatleiginated bacteria [46].

Although hydrogen peroxide has prevalent using anagerial compatibility to brass,
zinc, copper, nickel are under suspicious and ¢xe teffects of solution should be

considered as well.

Furthermore, FDA approved a solution which is ®b%®oncentration and 7.5pH clear
pale blue chemical 1,2-benzenedicarboxaldehyde j@BA high level disinfectant due
to its sporicidal properties even though slow dgatibn of spore germinations and
excellent compatibility of the surfaces and theiattion of amino acids, protein layers
of microorganisms easily and the effective disititet at >5-log1l0 reduction in
contradiction of of extensive variety of microorgans also, gluteraldehyde resilient
bacteria, mycobacteria aild atrophaeus spores [47, 48].

Even the biocidal activity of OPA is directly redd with the temperature and stability
quality of the chemical also, no need for additlaaaivation process raise the selection

possibility of the solution in wide range of clialcareas [49].

Moreover, many studies indicated that even OPAldaslays of reuse limits it under
minimum effective concentration (MEC) disinfectipnocess achieved completed 82
cycle of usage the solution at 0.3% concentrati@greke. Minimum effective
concentration is the term of the lowest effectiegmte of the solutions concentration
[50, 51].

As many chemicals and methods OPA has some disadpemsuch as skin and cloth
straining properties and the risk of carrying ORMains in the channels due to prevent
or eliminate the corrosive effect of solution whicause hypersensitivity in repeated
exposures, instrument rinsing procedure which wakcated in a study results that
250ml water should across per lumens which dematestrhow important the rinsing
procedure and the protective environment shouldpbmvided for technician as
protective gloves, eye mouth protective masks etveas not significant odor notified
as well also the protective clothes should be wduning the reprocessing both
manually and mechanically application [50, 52, 53].
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For the FDA approvals for OPA 5 minutes exposumeetiat 25 °C and 12 minutes
exposure time at 20 °C are the appropriate paramdta achieving the effective high
level disinfection. It is also should be known tHaPA is more expensive than
gluteraldehyde solution and it should be neutnadjaivith glycine 25grams/gallons for

safety disposal to diminish the damage to sewagiesy[54].

One of the other disinfection agents is peracetid @hich can remove organic matter
from the surface under low temperature 50-60 °C dxensively using area such as
disinfection of endoscopes, arthroscopies, deotabtalso surgical instruments except
copper, brass, bronze, plain steel structures wdmeltorroded by peracetic acid but the
elimination of corrosive effect can be reduced bglitive materials and some changing
with the pH degree [55-57].

Denaturation of the protein bonds, enzymes alsd] permeability of the
microorganism is the working principle of peracedimd oxidation process thus, with
yeasts, gram + and gram — bacteria are effectedrundninutes exposure times and
even with organic load 200-500 ppm of peracetid asienough to disinfect surfaces
[58-60].

Moreover, in many study highlighted the informatitivat all strains of Mycobacteria
spores are effectively disinfected in 20-30 minwt&sout organic load conditions [61-
63].

High cost expenses, single usage restrictions ef ghlution and the censoriously
eroding effects on eye-skin compensations anddiioi for only immersed instrument
disinfection should be considered as well with theble compatibility, rapidly

sporicidal activity and non-stable properties wheiuted concentrations are

exceedingly significant [61].

Endoscope is a medical device that is acceptedrasaitical items in the world wide
and as Spaulding classification and FDA approvehedeaning units acceptably know
that should be applied the reprocessing after esamgle endoscopic procedure with
high level disinfection technique due to reduce tbatamination risks between the
patients. Reprocessing with high level disinfattis quite different from other
sterilization and disinfection methods for semtical items like gastrointestinal
endoscopes, bronchoscopes due to their elaborsigndand elusive material structure

18



requires scrupulous scrubbing and high level desition process which should be
applied well accomplished and vigilant operator vitaal trained already and conforms

the reprocessing rules unswervingly [64].

It is highly important that as many studies illaséd the failures of endoscope
reprocessing procedure is mostly affiliated witleigtors less intention to pre-cleaning
step of high level disinfection. Especially, micrganisms are found in narrow swivel
lumens and suction channels which difficult acd@bsi points and convenient

residences for hidden microorganisms.

Gluteraldehyde an automated usage and liquid igegrdn chemicals as peracetic acid
are commonly using compounds for endoscope repsoaesn United States of
America. According to American Society for Gasttestinal Endoscopy (ASGE) and
Society of Gastroenterology Nurses and Associ&@€dNA) and American College of
Chest Physicians and multi-society guideline alB&\ Fecommended the reprocessing
under 4 steps which are cleaning, disinfectingsinig, and drying [64-69].

Each reprocessing steps have unique applicatiotruat®ns which should be
considered step by step to clarify the importaniceigh level disinfection. Cleaning
procedure is the head of reprocessing of endoscopesh is based on physical
cleaning, brushing and rubbing exterior and inteoibthe implement with organic and
inorganic coating subtraction enzymatic solutiohattcontains enzymes for lipids,

proteins and blood etc [70].

It is important that leak testing is controlled winiis the preeminent way of
understanding the apparatuses substantial situb&twre the immersion of endoscope
in to enzymatic [71, 72].

After the pre-cleaning procedure and after therietan also be sure of organic and
inorganic layers are removed visually remains aéxgent solutions should be removed
from surfaces due to not to effect the disinfectgtep which is the second step of

reprocessing of endoscopes [54].

During the disinfection procedure disinfectant feag in all parts of lumens and
endoscopes even tiny spots is the most significethanism in reprocessing the reason
of the fact that bactericidal, virucidal, germidideffects will be accomplished with
these decontaminators which are FDA sanctioned leigtl disinfection solutions that
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gluteraldehyde, peracetic acid, hydrogen peroxidéh wperacetic acid, hydrogen
peroxide, ortho-phthalaldehyde (OPA) in differeahcentration [73].

The noteworthy application is also rinsing procedbefore the disinfection step and
after both consequence of rinsing waters carryisigyrmicroorganism’s factors. During
the reprocessing all rinsing waters should be Isted or filtered water to abolish the
contamination risk from tap water which may carrany kinds of bacteria due to
drainpipes cleanliness degree. Moreover, filtereadew should also be controlled to

diminish the bacterial contamination of the filsenface [69, 74].

After the removing disinfectants from endoscopendeds to reduce the bacterial
growth lumens and channels should be dried withamoflow force after rinsing with

alcohol which evaporates easily [75].

Reprocessing procedure can be applied manually uboneated which is highly

recommended from many societies and at the encemfocessing steps high level
disinfected endoscope storage in specific cabirietiwhas protected with heap filters
due to aeration of insertion tube. For many healtine organizations cultures of
endoscopes should be controlled monthly doe tceptdahe decontamination level and

monitoring the reprocessing applications [76].

As it is obvious that reprocessing of endoscopeotsonly about operator it is related
with the concentration of disinfectants, their exqp@ times, enzymatic application way
and all chemicals expiration dates and the qualitsinsing water are all combined to
each other [77, 78].
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CHAPTER 3

MATERIALS AND METHODS

In this section materials of thesis will be menddnwhich are Pseudomonas
aeruginosa, Gastro endoscopic device, appropriate medium Hacterial culture,

incubator and shaker incubator, autoclave, 2%glldehyde and 3% peracetic acid.
3.1 Materials:
3.1.1 Bacterial strains:Pseudomonas aeruginogd CC27853

According to the Centers for Disease Control anevémtion of America’s study 2
million of people suffer from hospital acquired enfions (HAIs) and almost 100.000
pernicious incidences are seen which are direathated with leaks of medical
treatments, surgical operations and implanted naédievices also medical applications

like endoscopic procedures, urinary catheters#&e3p].

It is known that 200.000 case is originates fromsgital acquired infections which are
mainly originates from nosocomial infections anhwal USA. According to the World
Health OrganizatiofPseudomonas aeruginosa is one of the nosocomial infection reason
multi-drug resistance bacteria which character resrg— bacilli and aerobic human
pathogen that cause inflammation and sepsis eveantbe fatal if critical organs

effected like lungs, urinary track, kidney [83-85].

The reason of high level resistance deudomonas aeruginosa is the bio film

constitution capacity which protects the microotigan from unwilling destructive
environments like chemicals, heat even cold andaup5-80% rate of nosocomial
infections are originated by biofilms which impeyus antibiotic anti-biotic cell

membrane the reason of drug resistance.
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Moisturized areas are most loved placesHseudomonas aeruginosa the reason of the
fact that medical instruments like gastro-endosspg®onchoscopes, and urinary
catheters that cause cross-infections in hospatadisclinics are appropriate and widely
countable places for grape shape and oHEssudomonas aeruginosa which has
pearlescent view and hidden special colors insideas can be seen in Figure 3.1. The
identification of Pseudomonas types basically fitadi based on the colors on the
surface area which are originates from special pigsisuch as the fluorescent, which
gives green color and all Pseudomonas specieshhagniaterial the other color given
ingredients are red-brown color produces pyorulmd specialized structure for only
Pseudomonas aeruginosa is pycocyanin which gives green-blue view to theface

where it placed which can be even artificial plagegironment.

Figure 3.1 Pseudomonas aeruginosa [86]

Besides of the shape and color identification, rdesbn of hemoglobin at the medium
represents the existence Bdeudomonas aeruginosa due to white areas on the blood

mediums and beta hemolysis occurrence can be sdéagure 3.2 as well.
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Figure 3.2Pseudomonas aeruginosa beta-hemolysis blood agar [87]

On the other hand milk is also perfect surfacegi@mwth of Pseudomonas aeruginosa
due to the nutrient ingredients of it and the reasiogreenish colors on the milk is also
Pseudomonas aeruginosa bacteria the structure of florescent and pycoayarAlso, a
Pseudomonas bacterium is known as hydrocarbon usicrgorganisms (HUM). With
the highlighters’ of these informationRseudomonas aeruginosasATCC27853 is used
during this thesis study due to illustrate thestesice of the bacteria and to clarify the
importance of nosocomial infections for endosc@gplications.

3.1.2 Gastro-endoscopic Medical Device Properties

In this thesis, GIS Series endoscope (Upper Gasérstinal Fiberscope Series) which
has 10.5mm outer diameter and 1030mm working lealgity 1350mm total length was
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used which is a flexible endoscope type that haxidwending capacity lumens with

easy hand usage apparatus as can be seen in Bigure

Figure 3.3 Gastro-endoscopic device

3.1.3 Laboratory Equipment’s

As all cultural studies refrigerator, incubationbira shaker incubator, -80 freezer,
autoclave, centrifuge device, laminar flow, shaker used in this thesis study too. Also,
for bacterial incubation 50ml and 15ml disposalesilare chosen. For the bacterial
growth of triptych soy agar and triptych soy brotlediums are used as well. Unique
different material is special endoscope washingnbesused high level disinfection

cycles of the study.

As a high level disinfection solutions 2%gluterdigde and 3% peracetic acid also
aldehyde free enzymatic is used for pre-cleaning tdason of mostly preferred

effective chemicals in clinic.

Enzymatic is an aldehyde free liquid, limpid yelistv chemical solution which
contains enzyme mixtures includes amylase, protems® lipase. On the other hand
there are three chemical compounds which are mbyleeeglycol,

benzalkolyumchlorid, alcohol ethoxylate too. Altlglh enzymatic solution is not
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flammable material, wearing of protective clothe anggested by the company as well.
Also, to reduce the irritation risks wearing plastor rubber glows and for the
characteristic odor respiratory precautions aregssigd too. Enzymatic solution is a
stable chemical under appropriate conditions anmt/&asient solution of rust inhibitor
for non-ionic active surfaces. Also, enzymatic solu should be diluted before sending
drainage system due to prevent the undergroundr wgttem soiled. On the hand, it
should be noticed that enzymatic solution expirai®until 24 hours due to its losing

cleaning impression.

2%gluteraldehyde solution is a colorless liquidmleal solution which has toxic odor
and corrosive effects on respiratory system, eyeb skin. If the contact with this
solution surface should be washed with water andtiaa of the room should be
controlled. Although gluteraldehyde is a stablensival solution it should be remove
from hot places or flammable structures. Also, A%eghldehyde solution is highly
toxic for microorganisms in the water. Due to pravéne destruction of water life
system gluteraldehyde solution should be inactivatgh 6 gram glycine or sodium
bisulfide per liter before throwing in to drainaggstem. Due to the instructor of
solutions, 2%gluteraldehyde solution should be aegdl in 15 days due to its
misplacing disinfection efficiency.

3% peracetic acid is also liquid colorless chemaaltion which has characteristic

odor and corrosive effects on skin and respiragystem. According to the instructor

protective cloths, specialized aeration filter nsaskould be used while working with

peracetic acid. Also, aeration of the room showduell organized to prevent the toxic

effect on respiratory system. As usually peracatid should not send away to drainage
system however, it is not important for this stutlg reason of the fact that diluted

concentrations of peracetic acid will be used dutime study. Also, 3% peracetic acid
should be replaced after 24 hours due to not theeldhe disinfection effect.

3.2 Methods

In this thesisPseudomonas aeruginosaATCC27853 gram negative bacteria is used for
contamination of endoscope with one and single nteo due to compare the
effectiveness of chemical solutions which are us$ed disinfection and cleaning.

Method’s time schedule is represented in next [Eig4.
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Figure 3.4 Time schedule of thesis study
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In the Figure 3.4 every block represents 1 day lwiscthe illustration of every single
day application during this study. To not to losret during the study broth and agar
mediums should be prepared before the experimastdge. After the preparation of
mediums they should be stored at the refrigerator2éhours before used. After the
preparation of PBS experimental stage can be pdoasewnell. Detailed processes are

highlighted in next titles.
3.2.1 Medium Preparation

Before the contamination of endoscope to not te lime during the study it is
important to prepare triptych soy agar and triptgoy mediums are self-organized
from stock cultures due to reduce the cost expenfsesady-mediums. For the Triptych
soy agar preparation 40 gram culture medium is lygemized with 1000ml distilled

water and autoclaved at 121 °C approximately du2ibgninutes.

On the other hand autoclaved process takes an toousise the temperature and
sterilization process also decrease the temperatifier the autoclave became unlock
sterilized liquid culture medium is divided intorgons on empty petri dishes which are
sterilized under UV light about 20 minutes befdre placement of medium. After the
preparation of triptych soy agar medium petri dsststored 24hours inside of the
laminar flow chamber due to get cool and elimirtag occurrence of vapor top of the
petri dishes. The next day of the medium prepama#ll petri dishes are stored in

refrigerator at 6 °C.

To be get ready to the high level disinfectionl¢riand to not to lose time triptych soy
broth liquid medium should be prepared too which nised for Pseudomonas
aeruginosaATCC27853 cultural growth increasing and dilutioogess too. As the agar
medium TSB medium preparation is almost same wiieps are 30 gram TSB culture
medium is homogenized with 1000ml distilled wated autoclaved at 121°C for 20
minutes too. Moreover, the basic difference betwemparation of TSA and TSB is
after sterilized liquid form of TSB there is no petishes spilled process. TSB stores in
its own glass bottle due to eliminate the contatmmarisk the reason of if the
contamination occurs medium cannot be used agdter e sterilization process of
TSB medium and getting cooler it should be stomredhe refrigerator too as same

conditions as TSA.
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3.2.2 Phosphate Buffered Solution Preparation

The phosphate based saline buffered solution telkeep bacterial number unchanged
without killing them but not to providing suitabjgace for growth. For the preparation
of phosphate buffered solution 8 gram NaCl, 0.20gkCL, 1.44 gram Na2HPO4 and
0.24 gram KH2PO4 is used in this thesis. All commutsiare homogenized in 800ml
distilled water with magnetic fish which is turnirgound with magnetic force to
helping faster homogenization. After the homogeizasolution should be filled until
1 liter with distilled water. pH of the solution &ranged in 7.4 with NaOH and NacCl.
After the preparation of solution and removing metgnfish out of the solution it
should be autoclaved at 121°C for 20 minutes PB&iea is ready. These properties of

solutions are the best futures Pseudomonas aeruginosaATCC27853.

3.2.3 Stock Culture Preparation

Bacteria CFU/ml can be calculated with extractiast ICFU/mI| from the first CFU/ml
numbers. To calculate the bacteria colony formini and to evaluate the disinfectants
efficiency stock culture preparation is highly innamt. During this study streak plate
method is used for isolated cultures. Streak platire methods are the technique that

dilution of bacteria concentration and reveal $@ated colonies.

Due to get the pure culture stocked bacteria url@rrC is cultured with streak plate
technique and then incubated 37°C incubator forh@drs. During the streak plate
cultured application only sterile or sterilized pso are used due to prevents the
contamination risks. After the incubation bactec@onies have greenish color and
grape shape on the medium as seen in Figure 3.4hwhkithe pure colonies of
Pseudomonas aeruginosaATCC27853. Only one colony is contaminated with
endoscope and nearby colony’s CFU/mI is calculaligel to get the efficient numbers
but calculating of bacterium colony counting methedgoing to be highlighted in
Colony Counting method section.
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Figure 3.5Pseudomonas aeruginosaATCC27853 colonies

3.2.4 Contamination of Endoscope

To eliminate the infection risk all protective caus are noted during this study which
IS wearing protective nitrile gloves and protectoleths also, aeration of the laboratory

was under the control.

One of the other issues that were considered tlaat mighly important to prevent
infectious remains in the endoscope channels dwedtine the risk of infection risk
only endoscope’s tip part which contains lenses;efos, and air suction and water
channel part is contaminated wiHseudomonas aerginosaATCC27853 gram negative

bacteria during this thesis study.

The reason of getting comparable results while amoimation process at first multi
colonies and then single bacterial colony was ukezlto see the differences between
bacterial numbers. The results of this trial amevainin Table 4.1 in results part.

As a contamination material sterile swabs was us&dthe suspicious of declining
bacterial number swab using is canceled and thetacovnation of endoscopes are
performed directly especially to the forceps poawttich has a small gap on edge.
During this study between the contamination andnfiistion processes there is no

holding period for dehydration of bacteria.
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3.2.5 Preparation of High Level Disinfectants and Bzymatic

In this thesis study we bought our endoscope wgdbasin and disinfectants which are
aldehyde free enzymatic, %2 gluteraldehyde and 8&¥agetic acid from one of the
company which working area specialized in Hospitdlection Control Products,

Disinfection and Hygiene Products, antisepticsskin and hand, Industrial Cleaning
Products and Genetic Laboratory Devices and Predddso, hand-skin antiseptics and
all instructions of solutions are provided by tb@mpany during this study. Also, in this
study all pre-cleaning procedures applied withoutishing and scrubbing due to

showing only chemicals efficiency on 1 bacterisoogl

According to usage instructions enzymatic solutan be used for manual application
and ultrasonic devices in different concentratiamsl different exposure times. We
obey the instructions only for manual applicatiosages. It is suggested that 0.5%
concentration of enzymatic is appropriate applazatiuring 5 minute is the appropriate
usage way for 1 liter. After the contamination afdescope withPseudomonas

aeruginosaATCC27853, 0.5% of enzymatic is prepared as addingl enzymatic

solution to 1 liter distilled water for the cleagimprocess of high level disinfection

method and contaminated endoscope immersed intoafie and waited for 5 minutes.

After cleaning with enzymatic, endoscope is washét distilled water for 3 minutes

due to remove the detergent from the surface aal itthmersed in 2%gluteraldehyde
solution which is ready to use solution for 15 niewuin different endoscope washing
basin. After chemical cleaning endoscope washel avitition water due to remove the
chemicals from the endoscope and culture samplehakithe remain of one water drop
is taken into triptych soy agar medium be incubated to illustrate the efficiency of
high level disinfection. This was the high levesidiection which 2%gluteraldehyde is

used in this process.

Also, to compare the different chemical solutioe®ect 3% peracetic acid is also
prepared with 30ml of enzymatic for 1liter whichsisggested concentrations according
to the using instructors for manual applicationsfteA the same processes of
contaminating the endoscope and cleaning with eatignendoscope and washing
period’s endoscope immersed into 3% peracetic &d10 minutes. After the

disinfection step with 3% peracetic acid endoscopshed with fresh distilled water
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too to eliminate the chemical residues from theosndpe. And then the same taking

bacteria culture to the triptych soy agar procedsiagpplied too.

3.2.6 Culture incubation on TSA and TSB

One water drop taken in to agar medium is cultamd streak plate technique is applied
and incubated under 37 °C for 24 hours. After theubation process if there is a
bacterial growth it is seen in oval yellowish cdemon the dishes as seen in Figure 3.5
with characteristic smell oPseudomonas aeruginosaATCC27853. Colony growth
illustrates the failure of disinfection method aihdhere is not any colony occurrence

that means disinfection procedure was proceed ssftdly.

Figure 3.6 Pseudomonas aeruginosaATCC27853 colonies

To get the bacteria colony numbers one colony shbel placed in TSB medium to
widen the one colony and make it to be countereck 1 increase the aeration of broth
medium incubation process applied in shaker inarbfar 24 hours under 37°C. We
incubated single bacteria colony in 5 ml triptyaby foroth medium for every broth

medium cultured during this study.

After 24 hours of incubation process, broth mediwms blurry yellow color from
unblemished yellow one. Bacterial growth existemegises indistinctness in broth

medium.
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To separate the medium from bacterial coloniestmmushould be centrifuged in
3000rpm (root per minute), in 4°C for 10 minutegoCarea is important due to not to

support the bacterial growth again.

After the centrifugation process bacterial remaumsch has white residues lay in tip of
the tube and medium is separated from bacteridl.aftee remains are the widened 1
bacteria colony which has still uncountable baatérside of it. To prevent the bacterial
growth and not to kill them also, broth medium ddobe removed from the tube.
Removing procedure can be proceed by spilling riéfcély or automatic pipes can be

helpful to not to destroy the bacterial residues.

After the removing broth medium phosphate salinéelbed solution should be added as
same ml as preferred while adding broth mediumhenhiacterial residues. We added
5ml PBS as same as broth volume and homogenizdd skidker and the solution

became white fuzzy view.

3.2.7 Dilution of Bacteria for a Viable Count

The bacterial population can be determined witfedght techniques which are directly
microscopic examination and viable growth cellsptates of agar. Direct microscopic
account is not as sensitive as viable counting atktbvent its rapid performing.
Advantage of the viable counting is after the coyghimethod one bacterium can be
seen naked eye due to its growths and divides anragdium. These colonies help to
determination of the colony numbers in the susmpensiThe non-diluted bacterial
suspension is uncountable thus, to get the couwntadudterial number and to determine
the colony numbers in the solution serial dilutroathod should be applied.

During the study we used triptych soy broth mediiamdilution solutions. 1 ml of
bacteria suspension should add into 9 ml mediumkislavhich total volume is reached
10 ml and then 1 ml of solution from first mediudarik should add into second 9 ml
medium blank and the series goes on like thishAtend bacterial suspension is diluted

in 10* rates for every blank. Dilution blanks is illuged in Figure 3.7.

Spread plate method is the viable count of diluteethod that we used during this
study. Spreading 0, 1 ml of diluted cell suspersiom the surface of the agar plate with
L shaped glass rod bent which is sterilized wigdmié for every usage. After the spread
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plate method application all agar plates incubatader 37 °C for 24 hours. It is
expected to meet with uncountable colonies for fin& diluted blanks however,

approximately 20-30diluted blanks’ incubated colonies become cousetéin.

To get the colony forming unit of the suspensidatdd numbers can be calculated for
1ml suspension. For instance, if we diluted thepsasion for 6 times it means that the
suspension is diluted at 10If the countable colonies are 35 for tHeifcubated plate
agar it means that in 0,1 ml there is 35 colon@sirs 1 ml there are 350 colony is
existed but the solution is diluted as ®1Bus, our suspension colony forming unit is
350.16 equals to 35.10 Data and results of this thesis will be explairedesult

section with table charts.

Figure 3.7Dilution blanks for serial dilution metho
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CHAPTER 4

RESULTS

In this thesis, we try to evaluate the high levsirdection methods of gastro endoscope
with different aspects such as the concentratiomgif level disinfection chemicals and
+ controls of these chemicals, +control chemicéileces on different concentrations,
exposure times of these chemicals and efficiencgunfgested usage times of these
solutions by comparing the exposure rates andaadimeters’ disinfection efficiency on
the nosocomial infection source bactéPseudomonas aeruginosaATCC27853. There
will be comparable Tables of these parameters whiehgoing to be explained step by

step.

Ethyl alcohol is an effective chemical solutiontthas a widely using area in clinics for
disinfection applications. We also used ethyl atiiatue to see the effectiveness of the
solution on bacteria. On the other hand, even wgshith ethyl alcohol is the one of
the reprocessing step before the drying with @awflwe used ethyl alcohol to see the
disinfection effects oPseudomonas aeruginosaATCC27853. Also, this study was also
applied due to get the best concentration valueetbyll alcohol for disinfection

applications.

First step of the reprocessing of high level disatibn is washing with enzymatic which
helps to remove blood, urine, lipid structures frtdme endoscope surface. Moreover,
cleaning step with enzymatic is applied manuallyhwhe assisting of technician who
scrubs and brushes the endoscope even reproceggilication continues in automatic
device. The reason of why we examined the enzynaaiicto see the effectiveness of

the solution orPseudomonas aeruginosaATCC27853 stand-alone too.

All exposure times and concentration values werangied according to the instructors
for use book. For instance, aldehyde free enzymudtich is the detergent for first step
of reprocessing is suggested for manual applicad? for 5 minutes and for

ultrasonic automatic devices 0.5 % enzymatic shaadapplied for 3 minutes. Also,
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instructors for use book also suggest that conagoitr value and exposure time can be
increased due to its required. Enzymatic solutiexiiration hour is 24 hours which

means every 24 hours solution should be replaced.

One of the other suggestions of the high Ilevel nikstion solutions is
2%gluteraldehyde solution. The 2%gluteraldehydetsmis’ expiration date is 15 days
which means solution should be replaced every 1¥s.d&lso, other suggested

information is solution can be replaced if dirtypaprance comprised.

The other high level disinfection solution is 3%rametic acid which is suggested
manual application concentration is 3% for 10 ma&sutnd for automatic washing
device also 3% for 5 minutes. As enzymatic soluBéf peracetic acid solution should

be replaced in 24 hours.

However, there is no suggested frequency of th@assdor any solutions. Due to

investigate the frequency usage efficiencies we @smined these solutions too.

As the beginning of this study we wanted to seedisenfection efficiency of well-
known disinfectant ethyl alcohol used in clinicsdely comparing in different
concentrations and exposure times on single cadmaymulti colony as can be seen in
Table4.1

The term of the “no bacterial growth” means thaermthe dilution method incubated
plates were completely clear which can be idemtifig naked eyes. Also, there is not
any bacterial growth after disinfection with 70%dtalcohol as can be seen in Figure
4.1..

Due to the Table 4.1 illustration, 70% of ethyldadol is very effective disinfectant even
under low exposure time usages. Also, when we estldbe concentration of ethyl
alcohol solution lost its efficiency even for siagbacterium. The reason of why we
made this experiment due to see the effectivenéssthyl alcohol with different
concentrations thus, we used 70% of ethyl alcoboldisinfecting the endoscope tip
before every contaminating process and after thk l&vel disinfection to prevent the
contamination risk may occur from period studies.it other words, sterilization with
70% ethyl alcohol is our guarantee for contamimatemks of the study as + control of
the high level disinfection solutions.
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Figure 4. 1 No bacterial growth dishes

On the other hand, this result also suggestecettaisure time of the 70% ethyl alcohol
which is 5 minutes is effective to disinfect thafage of the endoscope. Thus, total
application of high level disinfection procedurendéi can be reduced under these
circumstances. Reduction of the process perioggtgyhimportant due to increasing the
endoscopic application rates in a day. If the mkfetween the reprocesses can be

condensed, the endoscopic application rates willdoalates in clinics.

Table 4.1 Comparison of 70 % and 35 % ethyl alcamdifferent exposure times for
single and multiPseudomonas aeruginosaATCC27853 colonies.

Percentages 70% 70% 35%
of Alcohol | Ethyl Ethyl Ethyl
(CFU/mI) | Alcohol | Alcohol | Alcohol
Exposure |10 min. | 5 min. 10 min.
Times
Single No No 2,865.13°
Colony bacterial| bacterial

growth |growth
Multi No No
Colony bacterial| bacterial

growth |growth
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One of the other studies of this thesis is the @gplon of the enzymatic solution’s

efficiency onPseudomonas aeruginosaATCC27853 bacteria due to notice if there is
any helping effects on disinfection process. Awais mentioned before cleaning with
enzymatic step is the first step of the reprocgssinendoscopes. Although, enzymatic
Is using as a cleaning detergent there is no @siitn effect on bacteria according to

our results is shown in Table 4.2.

Table 4.2 Efficiency of 0.5% Aldehyde Free enzymat single and multi-colony of
Pseudomonas aeruginosaATCC27853

Percentage of
Enzymatic 0.5% Aldehyde
(CEFU/ml) Free Enzymatic
Exposure Time 5 min.
Single Colony 18- 10°
Multi Colony >10’

In this study the percentages of aldehyde free raaig and the exposure times were
chosen according to the production companies steye®ncentration of the solution.
For manual applications company suggests 0.5% wdigefiee enzymatic for 5 minutes
and for ultrasonic devices 3minutes for the samaceotration. Towards of the

Table4.2 clarification that enzymatic does not etftee bacteria in disinfection way.

Although, enzymatic has 24 hours efficiency acaggdo the industrial companies and
instructor usage book, Table 4.3 shows the eff@yaresults of the frequency of using
enzymatic in the 22hour onPseudomonas aeruginosaATCC27853. On the other hand
bacteria CFU/MI is 2, 12.F0without any chemical process.

Bestowing of the results given in Table 4.3 baatetumber increasing progressively at
the end of 2% hour also, we can roughly say that bacteria casfureneven can

proliferate in the enzymatic solution which is c¢leay detergent.
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Table 4.3 Comparison of frequency usages of 0.5#greatic at 24 hours.

Comparison of frequency usages of 0.5% enzymatic at 24th
hours.
e 36,18
36
35,02

35
o 33,72 34,05
o
—134

33 -

BYEE

2 3 .
Frequency of Usage of %0,5 Enzymatic

After the comparison of the frequency usage of eratic, we studied on
2%gluteraldehyde solution which is the most suggkdtigh level disinfectant in
clinics. The results and the efficiency of the 28tgtaldeyhde were fascinating as can

be seen in Table 4.4.

Table 4.4 Comparison of HLD with %2gluteraldehyde &FU/mL single and multi-
colony of Pseudomonas aeruginosaATCC27853

Without With 2%
Disinfection | Gluteraldehyde
Single No Bacterial
Colony(CFU/ml) 10™-10" Growth
Multi No Bacterial
Colony(CFU/ml) >10® Growth

Gluteraldehyde which is 2% concentration form hHecéve disinfection effects on
Pseudomonas aeruginosaATCC27853. As also can be seen in Table4.4 afeerhigh
level disinfection with 2%gluteraldehyde there i3 bacterial growth on the plates.
Also, the term of “No Bacterial Growth” means thihere is no bacterial remains on

medium plates after high level disinfection with @4ieraldehyde.

As other studies we examined the expiration datésen2%gluteraldehyde solution too
which are given in Table 4.5. Also, it should beowm that bacteria CFU/mI is
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2,12.16" without any chemical process too. The reason ofdhethat we studied with
2%guluteraldehyde on Talay is suggested expiration date is 15 days fsthution.

According to the instructors using book there isfreguency usage rate suggested for
2%gluteraldehyde however, when we applied high llewdsinfection with
2%gluteraldehyde solution for 5 times at™@ay we realized that chemical’s

disinfection effects continues successfully.

Table 4.5 lllustration of the efficiency of 2%gluédehyde solution during HLD at
10th day.

CFU/ml 10th Day of the
2%Gluteraldehyde usage
Frequency of usage

1% application No Bacterial Growth

2"%application No Bacterial Growth

3" application No Bacterial Growth

4t application No Bacterial Growth

5" application No Bacterial Growth

Another high level disinfection solution is peraceacid which suggested effective
concentration rate is 3% in clinics and industaeta. To evaluate the peracetic acid
efficiency we also examined the 3% peracetic acftecess on Pseudomonas
aeruginosaATCC27853 for high level disinfection of endoscopas.

Efficiency of 3% peracetic acid also the frequerafyusage of the solution with

expiration of hours is highlighted in next tables.t
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Table 4.6 Comparison of HLD with %3 Peracetic ACIEU/mL single colony of
Pseudomonas aeruginosaATCC27853

Disinfectant Without 3% Peracetic
Concentrations Disinfection Acid
CFU/mI 5,34.1¢ 2,05.18*

Although, 3% peracetic acid is a high level disotémt which is widely preferred in
clinics disinfection effect is highly unexpectededto the diminution of the bacteria
colony forming units according to the Table 4.6eBWB% peracetic acid reduced the
bacteria numbers, there is a big amount of bacterraains after the high level

disinfection on endoscope tip.

Table 4.7 Comparison the effectiveness of HLD WHI3 peracetic acid after 24-48-120

hours later
Solution Without 24 48 Hours| 120 Hours
Concentration Disinfection | Hours Later Later
Hour CFU/ml Later
Contamination
3% Peracetic Acid 2,536 |1,42.16% 5,36.16°

On the other hand, the expiration hours were sugddsy the production company as
24 hours for a day high level disinfection process.the information is given in the
instruction 3% peracetic acid solution should bangfed due to the obscure rate of the
solution view. As the results can be seen in Tdbleve examined the efficiency of 3%
peracetic acid for 24-48 and 120 hours due toogen disinfection effect. Also, the
colony forming units of without disinfection baateare inserted the Table 4.7 too.

The application of High Level Disinfection proceduafter 120 hours incubated plated
were contaminated and bacteria colonies were nontable. The reason of the

occurrence of contamination ought to be the sahstiost efficiency.
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Due to improve the high level disinfection methoel tied to increase the concentration
of peracetic acid after 24 hours and applied thmesaeprocessing steps for the
endoscope after the contaminating wiRkeudomonas aeruginosaATCC27853. The
tick concentration of peracetic acid was not usefbie for the high level disinfection
procedure as far we investigated in the literatanel the result of our trial is in
Table4.8.

Table 4.8 Relationship between the frequency ofj@sand the efficiency of 6%
Peracetic acid after 24 hours Bseudomonas aeruginosaATCC27856

Without 1st 2nd 3th 4th 5th
_ | Disinfection| application application application application application
Concentration
CFU/ml | CFU/ml | CFU/ml | CFU/ml | CFU/mI
Frequency
No Too many| Too many| Too many| Too many
Bacterial to be to be to be to be
6% Peracetic 2,12.10"

Acid Growth counted | counted | counted | counted

As a conclusion of Table 4.8 even the concentrgiEnacetic acid increased it is not the
effective disinfection solution for destruction nbsocomial infection origin bacteria
Pseudomonas aeruginosaATCC27853 due to the results of our independentystu
Burdens of the study and future works will be ithased in discussion part of the thesis.

Also, too many to be counted dish is illustrateéigure 4.2.

Figure 4. 2 Too many to be counted colonies
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DISCUSSION

R. Knieler compared the efficiencies of enzymatid agluteraldehyde omBacillus
subtilis or Saphylococus aureus contaminated sheep blood on the surface of méttd p
in 2001 [6]. On the other hand, bacteriocidal éfficy, sporicidal efficiency, odor
characteristics of the solutions are also illustlatAlso, Knieler's studies main idea to
evaluate the physical cleaning efficiency only wgthteraldehyde and enzymatic based
solutions. Knieler used serial dilution methodoalae used too. The major difference
with our study is we used real gastroendoscopecdaluring this study instead of metal
plate. Also, we evaluated different kinds of higkél disinfection such as 3% peracetic
acid. On the other hand, in our study exposure diwfethe solutions and expiration

dates of the solutions are highlighted too.

According to these results of our study, aldehyge tompounds have no disinfection
effects as enzymatic which are called detergeniso,Aacteria can survive and keep
growing under enzymatic conditions as can be seemesult section Table 4.2.
Moreover, if there is a patient who has contagidisease, illness can transport to next
patient with enzymatic solution the reason of na@diection effects of the enzymatic.

This is the unacceptable risks for hospitals, ctirespecially for patients.

During the thesis study we did not achieve the spaper or study such ours. Although,
limitations of similar study there are lots of sguthat focusing on the difficulties of
endoscope reprocessing steps and focusing on gheldwel disinfection directions in
H. Martiny, H. Floss, B. Zuhlsdorf’s study whichpsiblished in 2004 [7]. In this study,
design of the endoscope, bioburdens of endoscopdsiraportance of qualified

reprocessing system is also highlighted too.

In one of the study which was published in 20131l A. Rutala et al. made an
overview of the disinfection and sterilization inde aspects [88]. In this study the
properties of different chemical compounds andedéiht methods for sterilization and
disinfection were evaluated. Also, chemicals adsget and disadvantage futures
highlighted too.

According to Rutala’s study, critical degrees of tmedical devices are highly

important also; their disinfection or sterilizatitechniques are significant too. One of
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the similar study is W. A. Rutala and D. J. Webstisdy which is also focusing on the
Spaulding Classification and methods of steril@atand disinfection in 1999 [5]. In
this study, they evaluate the efficiency of differehemicals in different exposure times
on C.parvum, Helicobacter pylori, E.coli, Micobacterium tuberculosis. One of the
results of this study is after the high level disagtion application with peracetic acid,

strains were still resistant to chemical solution.

Although, industrial suggested and widely prefempedacetic acid have not disinfection
effect neither. Even it has small amount of desirep effects onPseudomonas

aeruginosaATCC27853 after the high level disinfection procexlbacteria can survive
and contaminate next patient. Diluted concentratiohperacetic acid may not disturb
the bacteria as well however; condensed forms @gaic acid still cannot destroy the
nosocomial bacteria either as shown in Table 4.8reldver, intensive concentration
form of peracetic acid which is at 6% degree dgsiloall bacteria on the surface
however, when we checked the solution accordingstérequency usage disinfection
application was failed. In other words, intensivan@entration of chemicals may not

always the best solution for disinfection applioat as can be seen in Table 4.8 too.

The fulfilment of the successful disinfection pedare was the high level disinfection
with 2%gluteraldehyde even under contamination waihlti-colony task. Also, even
enzymatic does not any disinfection pressure ortebac 2%gluteraldehye cleared
whole bacteria remains from the endoscope surfd¢een the 2%gluteraldehyde
solution is forced to disinfect after 10 days witbnning usages of high level
disinfection, efficiency of disinfection was sfgérforming.

Due to comparison of well-known chemical solutiook high level disinfection
procedure 2%gluteraldehyde is extensively moreessfal than 3% peracetic acid even

6% concentrations of it.

Additionally, it should be known that, as a studgup of this thesis, we visited one of
the high level disinfection production companiesovdeveloped the automatic washing
machine for endoscopes in Turkey. We illustratesl dBpects of our study in several
meetings. Moreover, company director also stated they are very glad to have a
chance to work with our department also they aeag#d to have a chance to working

with us. After multiple interviewing’s we decided improve this study with using high
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level disinfection automatic washing device in et studies which can be supported

with other projects.

CONCLUSIONS AND RECOMMENDATIONS

In this thesis, it was decided that to evaluatehilyé level disinfection methods and the
widely using chemicals destructive efficiency orsmcomial infection origin bacteria
Pseudomonas aeruginasaATCC27853. With the efficiency of high level disattion

solutions concentrations frequency of usages ak lghtened too due to clarify the
information that given by the product companiesonemendation. The reason of the
fact that, even the chemical is suggested to bé fmsea day or 15 days, frequency of
these solutions definitely effects the efficiendyhagh level disinfection. This study is
highly important for specialized endoscopic appiaa clinics where the application
rates are very high centers. According to resufarts, industrial product company

should suggest the frequency usage rates to chmdsaisers.

In this study manual approach of the high levelndigstion is illustrated even under
non-real endoscopic procedures. One of the impbisane that there is no organic or
inorganic material used during this study only ltlaeteria colonies mostly one colony is
contaminated little tiny piece of endoscope. Onethaf benefit of this study is we
illustrated widely preferred chemicals which aretba stage of high level disinfection
applications, without injected inside of the Ilumenosly the surface of high

contamination risk area.

It should be considered that will enzymatic solataestroy or remove the all organic
and inorganic layers from the surface efficientlgrwmanual or automated high level
disinfection reprocessing? To get the knowledge tloé enzymatic efficiency

reprocessing should be applied with organic andyauaic matters in future works.

Additionally this study can be improved with usiagganic or inorganic structures to
make a real endoscopic application picture or targe similar properties of stomach
flora. However, due to the contamination of endpscavith organic and inorganic
materials high level disinfection reprocessing stiooe applied automatically with

specialized automatic washing machines.
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On the other hand to improvement of this study lsarapplied with resistant bacteria
not only Pseudomonas aeruginosasATCC27853. Even though, studying with spore
forms of bacteria will cause many problems suchresstivity to the solutions,

producing biofilms.

To sum up the all informations, parts of this stutBeds to be considered as the
illustration of evaluating high level disinfectiomethods not the improvement

statements for endoscope reprocessing.
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