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Abstract

Hospitals are the focus of many infections which cause the intensification of the patients’ illness and even their 
death. The number of bacteria on various hospital equipment was counted before and after being disinfected with 
manual cleaning (MC), hydrogen peroxide vapour (HPV) and ultraviolet-C (UV-C). The effectiveness of disinfec-
tion of hospital beds in intensive care unit (ICU) using the three methods MC, HPV and UV-C has been 66.67%, 
100% and 50%, respectively. Hence, the effectiveness of HPV method in the disinfection of this unit has been 
higher than others. The effectiveness of otoscope disinfection in the ICU and blood pressure meter in the operating 
room with three methods of MC, HPV and UV-C has been 0%, 50% and 100%, respectively. So, for disinfecting 
these small outfits, UV-C method has proven to be the best one. In case of programming, the correct move of 
portable UV-Cs for complete coverage of massive equipment, disinfection with UV-C method may be considered 
more effective than other methods.

Sažetak

Bolničke sredine izvorište su mnogih infekcija koje mogu uzrokovati pogoršanje bolesti kod pacijenata, pa čak 
i njihovu smrt. Broj bakterija na različitoj medicinskoj opremi analizirao se prije i nakon dezinfekcije, odnosno 
ručnog čišćenja, korištenja pare vodikovog peroksida i ultraljubičastog-C svjetla (UV-C). Učinkovitost dezinfek-
cije bolničkih kreveta u jedinicama intenzivnog liječenja, koristeći ove tri metode, iznosila je 66,67% za ručno 
čišćenje, 100% za upotrebu pare vodikova peroksida te 50% za UV-C zračenje. Dakle, učinkovitost pare vodikovog 
peroksida u dezinfekciji bolničkih kreveta bila je veća u usporedbi s ostalim metodama. Učinkovitost dezinfekcije 
otoskopa u jedinicama intenzivnog liječenja i tlakomjera u operacijskim dvoranama, korištenjem ove tri metode, 
iznosila je 0% za ručno čišćenje, 50% za upotrebu pare vodikovog peroksida te 100% za UV-C zračenje. Dakle, 
ultraljubičasto C zračenje pokazalo se najučinkovitijom metodom za dezinfekciju manje opreme. Ova metoda 
dezinfekcije, u slučaju mogućnosti programiranja te ispravnog prijenosa uređaja za dezinfekciju UV-C zračenjem, 
radi potpune pokrivenosti veće opreme, može se smatrati učinkovitijom od ostalih metoda.
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Introduction
	 Attention to hospital infections dates back to the 
years of formation of preliminaries of microbiology 
science in the early 1840s[1]. Hospitals, as a place for 
the patients' treatment, reasonably shouldn’t be a fac-
tor for the creation of diseases, but in many cases, hos-
pitals are the origin of many infections, too. Various 
pathogenic factors such as bacteria, viruses and fungi 
may be the source of hospital infections. Hospitalized 
patients, based on individual conditions, especially na-
ture of their disease, sometimes suffer from weakness 
of the immune system which causes their high liability 

for being affected by infectious diseases. In such con-
ditions, pathogenic factors, especially opportunistic 
factors are transferred to the hospitalized patient and 
cause infections in the patient[2]. Besides patients who 
have a weak immune system, these infections may in-
terrupt the process of treatment in patients suffering 
from diseases of areas of neuroscience[3-9], orthopae-
dics[10, 11], and cardiovascular diseases[12-15]. Ways of 
transfer of microorganisms in the hospital include con-
tact with contaminated surface, air and vectors such as 
mosquitos and flies[16]. So, regular disinfection of the 
patient`s environment is necessary for the reduction 
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sion pump, suction device, ventilator, otoscope, blood 
pressure meter, bed mattress, defibrillator and stetho-
scope and operating room equipment included elec-
trosurgery device, infusion pump, stethoscope, blood 
pressure meter, surgical bed, surgical lighting, anaes-
thesia device and defibrillator device and emergency 
room equipment included stethoscope, otoscope and 
blood pressure meter. The selected equipment after 
the patient`s discharge (without considering the type 
of illness of the individual) was exposed to microbial 
culture and then the number of bacteria was count-
ed. Then, all this equipment was separately disinfected 
with all three methods of MC, HPV and UV-C and 
again exposed to microbial culture and bacteria count-
ing. It should be mentioned that the bacteria investi-
gated in this study included Escherichia coli, Staphylo-
coccus aureus and Pseudomonas aeruginosa, as being 
the most common and riskier pathogens in hospital 
infections[25-28].

Disinfection with manual cleaning
	 In this study, cleanliness, washing pickling smut 
and disinfection for all equipment from top to bottom 
and from clean to dirty part was performed as follows:
	 -	 hospital bed: after patient discharge, the beds 

were sprayed with intermediate-level alcohol 
spray, washed with detergent and then dried. It 
should be mentioned that 5% bleach was used for 
infectious patients;

	 -	 devices such as infusion pump, suction device, 
otoscope, defibrillator, electrosurgery device, 
ventilator, surgical lighting and anaesthesia de-
vice were sprayed with a napkin and intermedi-
ate-level disinfection solution spray;

	 -	 blood pressure meter was washed in 7-day peri-
ods with bleach;

	 -	 bed mattress: after the discharge of each pa-
tient, bed mattress was disinfected with a napkin 
soaked in 5% disinfecting solution (fast-acting 
alcohol or bleach spray) and dried. It should be 
mentioned that the mattress cover was water-
proof.

	 -	 stethoscope: after every patient, the stethoscope 
was cleaned with 80% alcohol.

	 It should be mentioned that in the case of obser-
vation of a great amount of blood after washing, the 
following method was performed:- a disposable nap-
kin was placed on contaminated surface, to completely 
cover the area
	 -	 a 1:10 bleach solution was poured and left for 10 

minutes
	 -	 with great caution, the napkin was collected and 

placed in a special garbage bag

of the risk of hospital infections. Common methods of 
disinfection include manual cleaning (MC), hydrogen 
peroxide vapour (HPV) and ultraviolet-C (UV-C)[17]. 
Therefore, this study focused on comparing the effec-
tiveness of these three methods. In MC method, the 
hospital nurse provides aid and sanitary workers clean 
the surfaces using disinfecting solutions. In UV-C 
method, the UV radiation is used on the surfaces to 
remove microorganisms and in the third method, a 
device is used that scatters HPV in the space causing 
surface disinfection.
	 Several studies have been performed on disinfec-
tion of the hospital surfaces and spaces. Kovach et al. 
were exploring the possibilities of a robot that disin-
fects the hospital surfaces with xenon light. Using this 
robot for radiation of xenon light has proved a mini-
mum 2.4% more effective than using MC method[18]. 
Gostine et al. investigated the effectiveness of UV-C in 
the reduction of contamination of keyboard of com-
puters existing in the intensive care unit (ICU). The re-
sults of this study showed that reduction of the time of 
exposing keyboards to UV-C ray from 10 to 6 minutes, 
leads to only a 0.4% increase in the effectiveness of this 
method[19]. Ghannoum et al. evaluated shoe disinfec-
tion in the hospital space using UV-C method[20]. The 
results showed that by increasing each 45-minute peri-
od in UV-C radiation, the effectiveness of this method 
increased to 6.3%[20]. Timmermann et al. investigated 
the disinfection of drinking water in hospitals using 
UV-C method[21]. The results indicated high effective-
ness of UV-C method on bacteria existing in the water. 
One among various bacteria studied in this research 
was Escherichia coli. Messina et al. conducted a study 
on a new device consisting of UV-C radiation by an 
LED lamp for automatic disinfection of stethoscope[22]. 
The results of this study showed that in one minute, 
94.3% of Escherichia coli bacteria were infected in the 
whole stethoscope except around the periphery of 
the stethoscope membranes[22]. Consequently, several 
studies were conducted on utilizing modern technolo-
gies in the improvement of the disinfection of environ-
mental surfaces and hospital rooms[23, 24].
	 The main objective of the present study was to 
compare the effectiveness of three common methods 
of hospital disinfection including MC, HPV and UV-C 
with a variety in type and number of equipment for 
disinfecting three bacteria -Escherichia coli, Staphylo-
coccus aureus and Pseudomonas aeruginosa.

Methods
	 Tests were performed for 8 weeks on the equipment 
in the ICU, emergency room and operating room. 
Equipment in the ICU included hospital bed, infu-
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swab was taken out and the swab cap was soaked in 
physiological serum. Then, it was drawn on surfac-
es of equipment and/or was immerged inside their 
pores so that, in case of bacterial presence, it would be 
picked up by the swab. Finally, the swab was placed in 
the capped tube. It should be mentioned that the stick 
at the end of the swab was disrupted since it was in 
contact with fingers. So, the culture was taken from all 
equipment and tubes were transferred to the microbi-
ology laboratory.
Two culture environments of blood agar and eosin 
methylene blue (EMB) agar were used for the recog-
nition of three types of bacteria Staphylococcus aureus, 
Escherichia coli and Pseudomonas aeruginosa and in 
microbiology room[1, 25-28] swabs were taken out from 
the tubes one by one and transferred to culture en-
vironments (Figure 1b). Culture environments were 
selected depending on the type of bacteria, gram-pos-
itive (Staphylococcus aureus) or gram-negative (Pseu-
domonas aeruginosa and Escherichia coli). Also, blood 
agar environment detects only gram-positive bacteria 
and EMB culture environment detects both gram-neg-
ative and gram-positive bacteria. Furthermore, the cap 
of culture environments was closed and placed in an 
incubator with temperature 37 for 48 hours (Figure 
1c) and based on the color change of bacteria in the 
culture environment, type of bacteria was recognized 
(Figure 1d)[30]. It should be mentioned that for attenu-
ation, a McFarland standard A0.5 was followed[31] and 
colony counting was performed[32]. For preparing the 
McFarland standard A0.5 in the laboratory, 0.5 mL 
barium chloride 0.48 M was mixed in 99.5 mL normal 
acid sulfuric 0.36. The durability of this environment 

	 -	 the area was washed with water and detergent
	 -	 the contaminated surface was again disinfected 

with 1:10 bleach solution.

Disinfection with HPV
	 For disinfection with HPV method, the Nocospray 
device model 1000 w was used which turns hydrogen 
peroxide (H2O2) to OH-ions with hydrogen perox-
ide vapour technology (fogging). In this method, the 
device was located in the middle of the room with all 
doors of the drawers in the room opened, and when 
the operator exited the room and the room door was 
closed. After 15 seconds, the device was turned on and 
after 15 minutes of work, the device was turned off and 
after 30 minutes the operator entered the room and 
the test was performed (Nocospray, EquipMed, OXY-
PHARM, France).

Disinfection with UV-C
	 Two models of portable and wall-mounted UV-C 
lamps are usually used in the hospitals. Before turning 
on the lamp, the room ventilator should be turned off, 
windows and glasses covered and darkened and the 
doors of all dressers and cabinets in the room should 
be left open. It should be mentioned that before the 
UV-C device is turned on from outside the room, the 
doors sealing the room should be secured. In the port-
able model, since the range of radiation is defined at 
about 1.5 m, for this purpose, the lamp was located in 
all parts of the room for 20 minutes time intervals[29].

Method design and performance testing
	 In this study, the effectiveness of three methods 
of MC, HPV and UV-C in disinfection against three 
types of bacteria (Escherichia coli, Staphylococcus au-
reus and Pseudomonas aeruginosa) was investigated. 
Blood is the best environment for bacterial growth 
since it provides oxygen, nutrients and required heat 
for the growth of bacteria. Bacteria can be cultured on 
various environments and dishes. For example, in the 
cultures where its environment is fluid, culture dishes 
have been tubular shaped and solid environments were 
also cultured both in plate and tube. In this study, a 
solid culture environment and plate dishes were used. 
For performing the culture, swabs were collected from 
each device and placed in tightly closed capped tubes 
and then placed in the autoclave with a temperature 
of 121 for sterilization[30]. After sterilization, the device 
name (Figure la) was written on every tube and was 
taken to the culture test place along with an amount 
of physiological serum which was poured into the test 
tube. For culture, at first, the test tube cab was opened, 

Figure 1a) Steel capped tubes, before culture, b) Bactria 
transfer to blood agar culture environment, c) placement 
of culture environments in incubator device, d-Escheri-
chia coli grew on culture environment.
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otoscope, blood pressure meter, bed mattress, defibril-
lator and stethoscope in the ICU, electrosurgery de-
vice, stethoscope, blood pressure meter, surgical bed, 
surgical lighting, anaesthesia machine and defibril-
lator device in operating room and stethoscope, oto-
scope and blood pressure meter in emergency room 
the affection rate of which was 0%. After disinfection 
with MC method, 100% effectiveness in the disinfec-
tion of bacteria Pseudomonas aeruginosa was related 
to the suction device in the ICU and infusion pump in 
the operating room (Figure 2c).

is 6 months and it was maintained in darkness and 
closed dishes. It should be mentioned that if sediment 
was observed in the tube, the solution would be con-
sidered expired[31].

Results
	 The results of this section were registered and de-
clared for eight repetitions of each test on any equip-
ment before disinfection and also eight runs of repeti-
tion after disinfection.

Effectiveness of MC Method
	 The results showed that the greatest contamination 
with Escherichia coli has been related to hospital bed 
and ventilator in the ICU, infusion pump, stethoscope 
and surgical bed in the operating room and also blood 
pressure meter in the emergency room, with the af-
fection rate of 25% (Figure 2a and Table 1). The least 
contamination with Escherichia coli was related to oto-
scope, hospital bed, defibrillator and stethoscope in 
the ICU, electrosurgery device, blood pressure meter 
and defibrillator device in the operating room, electro-
surgery device and otoscope in the emergency room 
with zero affection rate to their contamination (Figure 
2a and Table 1). After disinfection with MC method, 
the highest effectiveness in disinfection of Escherichia 
coli has been 100% which has been related to suction 
device, ventilator and blood pressure meter in ICU 
and anaesthesia device in operating room and the least 
effectiveness was related to infusion pump in ICU and 
surgical lighting in operating room whose effective-
ness has been zero (Figure 2a).
	 Figure 2b and Table 1 showed that the greatest con-
tamination with Staphylococcus aureus of 37.5% was 
related to otoscope in emergency room and the least 
contamination to this bacteria has been related to in-
fusion pump, suction device, ventilator, blood pres-
sure meter and defibrillator in ICU, infusion pump, 
otoscope, surgical bed, surgical lighting, anaesthe-
sia machine and defibrillator in operating room and 
blood pressure meter in emergency room that the con-
tamination rate was 0%. After disinfection with MC 
method, the greatest effect has been related to Staph-
ylococcus aureus 100% relating to the hospital bed in 
ICU and electrosurgery device in the operating room 
and the least effectiveness related to otoscope and bed 
matters in the ICU, blood pressure meter in the op-
erating room, the effectiveness of which was 0% (Fig-
ure 2b). Figure 2c and Table 1 show that the greatest 
contamination has been to Pseudomonas aeruginosa 
equal to 25% which was related to suction device in 
the ICU and the least contamination to this bacteria 
was related to hospital bed, infusion pump, ventilator, 

Figure 2a) Results shown as percentage of contamination 
to Escherichia coli before and after disinfection with MC 
method, b) Results shown as percentage of contamination 
with Staphylococcus aureus before and after disinfection 
with MC method, c) Results shown as percentage of con-
tamination with Pseudomonas aeruginosa before and after 
disinfection with MC method.
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aeruginosa has been 100% which was related to an in-
fusion pump, ventilator and bed mattress in ICU (Fig-
ure 3c).

Effectiveness of UV-C Radiation Method
	 The results presented in Figure 4a and Table 3 show 
that the greatest contamination to Escherichia coli was 
related to hospital bed, suction device and bed mat-
tress in ICU, electrosurgery device, surgical bed and 
defibrillator in operating room, with the affection rate 
of 25% and the least contamination to Escherichia coli 
was related to otoscope, defibrillator, stethoscope in 
ICU, infusion pump in operating room and stetho-
scope and otoscope in emergency room, the contam-
ination rate of which amounted to 0%. After disinfec-
tion with UV-C method, the greatest effectiveness in 
Escherichia coli was related to infusion pump, venti-
lator and blood pressure meter in ICU, electrosurgery 
device, stethoscope, blood pressure meter, anaesthe-
sia machine and defibrillator device in the operating 
room and blood pressure meter in the emergency 
room that the rate of effectiveness amounted to 100% 
and the least effectiveness was related to surgical light-
ing in the operating room which was 0% (Figure 4a).

Effectiveness of HPV Method
	 The results presented in Figure 3a and Table 2 show 
that the greatest contamination with Escherichia coli 
was related to hospital bed, bed mattress and defibril-
lator in the ICU, stethoscope, blood pressure meter, 
surgical bed, surgical lighting, anaesthesia device in 
operating room and blood pressure meter in emergen-
cy room the affection rate of which was 25% and the 
least contamination to this bacteria has been related 
to infusion pump, suction device, ventilator, otoscope, 
blood pressure meter and stethoscope in the ICU with 
contamination rate of 0%. After disinfection with 
HPV method, the greatest effectiveness in disinfection 
against Escherichia coli was related to hospital bed, 
bed mattress and defibrillator in ICU, electrosurgery 
device, infusion pump, surgical bed, surgical lighting, 
anaesthesia device and defibrillator in operating room 
and stethoscope and otoscope in emergency room 
with effectiveness rate of 100% (Figure 3a).
	 The greatest contamination with Staphylococcus 
aureus was 25% which was related to suction device 
and otoscope in the ICU and otoscope in the emergen-
cy room and the least contamination with this bacteria 
was related to hospital bed, infusion pump, blood pres-
sure meter, bed mattress and defibrillator in the ICU, 
electrosurgery device, infusion pump, blood pressure 
meter, bed mattress and defibrillator in ICU, electro-
surgery device, infusion pump, stethoscope, blood 
pressure meter, surgical bed, surgical lighting and de-
fibrillator in the operating room and stethoscope and 
blood pressure meter in the emergency room with 
contamination rate of 0% (Figure 3b and Table 2). 
After disinfection with HPV method, the greatest ef-
fectiveness against Staphylococcus aureus (100%) was 
related to suction device, ventilator and stethoscope in 
the ICU, anaesthesia machine in the operating room 
and otoscope in the emergency room and the least ef-
fectiveness was related to otoscope in the ICU where, 
after disinfection, a 12.5% rate of contamination re-
mained (Figure 3b).
	 Figure 3 and Table 2 showed that the greatest con-
tamination with Pseudomonas aeruginosa was 12.5% 
which was related to infusion pump, ventilator and 
bed mattress in the ICU and the least contamination 
was related to hospital bed, suction device, otoscope, 
blood pressure meter, defibrillator and stethoscope in 
the ICU, electrosurgery device, infusion pump, steth-
oscope, blood pressure meter, surgical bed, surgical 
lighting, anaesthesia machine and defibrillator in the 
operating room and stethoscope, otoscope and blood 
pressure meter in the emergency room with con-
tamination rate of 0%. After disinfection with HPV 
method, effectiveness in disinfection to Pseudomonas 

Figure 3. a) The results showing percentage of contamina-
tion with Escherichia coli before and after disinfection 
with HPV method, b) The results showing percentage of 
contamination with Staphylococcus aureus before and af-
ter disinfection with HPV method, c) The results showing 
percentage of contamination with Pseudomonas aerugino-
sa before and after disinfection with HPV method.
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tion rate of 0%. After disinfection with UV-C method, 
the effectiveness of this method in the disinfection of 
Pseudomonas aeruginosa has been 100% which has 
been related to surgical bed and surgical lighting in 
the operating room and stethoscope and otoscope in 
the emergency room (Figure 4c).

Discussion
	 In MC method, the operator cleans the contamina-
tion from the equipment with his hands, so the oper-
ator inaccuracy and imprecise disinfection and lack of 
consistency are possible. During the use of HPV and 
UV-C method, if manual cleaning hasn’t been previ-
ously performed on the equipment, physical contam-
ination after disinfection is not easily removed with 
this method. These facts should be taken into consid-
eration when using these two methods. So, consider-
ing all the aforementioned aspects, the results of our 
tests showed that the effectiveness of disinfection on 
ventilator, defibrillator, suction device and blood pres-
sure meter in the ICU and electrosurgery device, an-
aesthesia machine and defibrillator in the operating 
room using all three methods was 100%. So, for dis-
infecting these devices, MC method which is more ac-
cessible may be easily used. According to Figure 5, the 
effectiveness of disinfection of hospital bed in the ICU 
with three methods of MC, HPV and UV-C methods 
has been 66.67%, 100% and 50%, respectively and sim-
ilar numbers for surgical bed in operating room have 
been 50%, 100% and 66.67%, respectively and similar 
numbers for hospital bed in ICU, surgical lighting in 
operating room have been 0%, 100% and 50%, respec-
tively. Then, for the disinfection of these outfits, the 
best method is HPV method.
	 Effectiveness of otoscope disinfection and blood 
pressure meter in the operating room with three 
methods of MC, HPV and UV-C has been 0%, 50 % 
and 100% respectively and similar numbers for steth-
oscope in the operating room has also been 50%, 50% 
and 100%, respectively. So, for disinfecting these out-
fits, UV-C method is the best method for disinfection 
(Figure 5).
	 The effectiveness of disinfection of infusion pump 
and suction device in the ICU with three methods of 
MC, HPV and UV-C has been 0%, 100% and 100%, re-
spectively and similar numbers for stethoscope in the 
ICU, otoscope and blood pressure meter in emergency 
room have been recorded 50%, 100% and 100%, re-
spectively. Similar numbers were recorded for infusion 
pump and stethoscope in the operating room 66.67%, 
100% and 100%, respectively. Then, for the disinfec-
tion of these devices, one of two methods of HPV and 

	 The results showed that the greatest contamina-
tion with Staphylococcus aureus of 37.5% related to 
otoscope in the ICU and the least contamination was 
related to hospital bed, infusion pump, suction de-
vice, ventilator, blood pressure meter and bed mat-
tress in the ICU, electrosurgery device, stethoscope, 
blood pressure meter, surgical lighting, anaesthesia 
machine and defibrillator in the operating room and 
stethoscope and blood pressure meter in the emergen-
cy room with contamination rate of 0% (Figure 4 and 
Table 3). After disinfection with UV-C method, the 
greatest effectiveness in disinfection of Staphylococcus 
aureus of 100% rate was related to otoscope, defibrilla-
tor and stethoscope in the ICU, infusion pump in the 
operating room and otoscope in the emergency room 
(Figure 4a).
	 The results of Figure 4c and Table 3 show that the 
greatest contamination with Pseudomonas aeruginosa 
has been 12.5% which was related to stethoscope and 
otoscope in the emergency room and the least con-
tamination was related to hospital bed, infusion pump, 
suction device, ventilator, otoscope, blood pressure 
meter, bed mattress, defibrillator and stethoscope in 
the ICU, electrosurgery device, infusion pump, steth-
oscope, blood pressure meter, anaesthesia device and 
defibrillator in the operating system and blood pres-
sure meter in the emergency room with contamina-
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	 In these three instruments, the reason for the inef-
fectiveness of UV-C has been large dimensions and the 
height of these devices since UV-C radiation could not 
completely cover all the surface. For this reason, the 
results of the effectiveness of disinfection with UV-C 
method on the hospital bed and bed mattress in the 
ICU and surgical lighting in the operating room have 
been halved, compared to the HPV method. Also, this 
number for surgical beds in the operating room has 
been 66.67%. On the other hand, in disinfection with 
HPV method, the contaminations of small devices 
such as otoscope and blood pressure meter which are 
usually in drawers are not completely removed. While, 
on the other hand, the UV-C method has been effec-
tive for disinfecting such devices. For example, for oto-
scope in the ICU, the effectiveness of disinfection with 
UV-C method has been 1.5 times of the HPV method. 
So, if moving portable UV-Cs all over the surfaces of 
these devices can be performed with correct program-
ming so that the problem of UV-C coverage on devices 
with great dimensions such as beds and surgical light-
ing is solved, UV-C method would be more effective, 
efficient and appropriate than disinfection method 
with HPV.

Study limitations and future works
	 Although during the present study the operators 
have made every effort to perform the MC process 
uniformly and accurately and they have tried to clean 
the contamination from the equipment without hand 
and with suitable tissue, it is suggested in future studies 
to pay more attention to these concerns and be more 
focused in using MC before applying UV-C and HPV 
methods. Furthermore, an improved study design in 
the future will also bring significant statistical power.

UV-C may be used ideally and according to existing 
facilities (Figure 5). Besides that for disinfection of 
suction device, ventilator, blood pressure meter and 
defibrillator in ICU and electrosurgery device, defibril-
lator and anaesthesia machine in operating room, MC 
method is an easy and accessible method but in other 
outfits other than bed, mattress and surgical lighting, 
UV-C method is the most appropriate method for dis-
infection and has had the greatest effectiveness.

Figure 4a) Results stated as percentage of contamination 
with Escherichia coli before and after disinfection with 
UV-C method, b) Results stated as percentage of contami-
nation with Staphylococcus aureus before and after disin-
fection with UV-C method, c) Results stated as percentage 
of contamination with Pseudomonas aeruginosa before 
and after disinfection with UV-C method.

Figure 5 Percentage of growth of bacteria before and af-
ter disinfection with three methods of MC, HPV and UV-C
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devices except equipment of greater volume, such as 
beds and surgical lightings, the UV-C method is the 
best and most effective. The problem of disinfecting 
massive devices is solvable with correct programming 
of portable UV-C devices. These results can be helpful 
for policy making in regard to disinfection in hospi-
tals, and the role of healthcare associated infections.
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Conclusion
	 The purpose of the present study is future improve-
ment in medical activities in key control points for 
detection of healthcare associated infections, such as 
intensive care, emergency room, operator block. Since 
the operator`s inobservance and inaccurate imple-
mentation are possible, contamination can remain on 
the devices after MC method. If all preparations are 
observed, this method is merely suggested for disin-
fection of ventilator, defibrillator device, suction de-
vice and blood pressure meter in the ICU as well as 
electrosurgery device, anaesthesia machine and defi-
brillator device in the operating room. On the other 
hand, in disinfection with HPV method, the contam-
inations on small devices such as otoscope and blood 
pressure meter which are usually stored in drawers 
are not completely removed. But for disinfection of all 

Table 1. Investigating the effect of MC method on three bacteria - Escherichia coli, Staphylococcus aureus 
and Pseudomonas aeruginosa

The growth of the bacteria after MC (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before MC 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ICU Hospital bed 1

- - - - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - √ - 50.000 5

- 30.000 - - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Infusion pump 2

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - 50.000 - - √ 50.000 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Suction device 3

- - - √ - - 50.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - √ - - 50.000 6
- - - - - - No growth 7
- - - - - √ 30.000 8
- - - - - - No growth 1

ICU Ventilator 4
- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 30.000 4
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The growth of the bacteria after MC (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before MC 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - √ 30.000 8
- - - - - - No growth 1

ICU Otoscope 5

50.000 - - √ - 50.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- 50.000 - - √ - 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Blood pressure 
meter 6

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Bed mattress 7

- - - - - - No growth 2
- - - - - - No growth 3
- 30.000 - - √ - 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Defibrillator 
device 8

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Stethoscope 9

- - - - √ - 50.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- 30.000 - - √ - 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Electrosurgery 
device 10

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
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The growth of the bacteria after MC (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before MC 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 6
- - - - √ - 30.000 7
- - - - - - No growth 8
- - - - - √ 50.000 1

OR Infusion pump 11

- - - - - - No growth 2
- - - - - - No growth 3
- - - √ - - 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - 30.000 - √ 30.000 7
- - - - - - No growth 8
- - - - - √ 30.000 1

OR Stethoscope 12

- - - - - - No growth 2
- - 30.000 - - √ 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Blood pressure 
meter 13

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- 50.000 - - √ - 50.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Surgical Bed 14

- - - - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - 30.000 - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - 30.000 - - √ 30.000 1

OR Surgical lighting 15

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Anesthesia 
Machine 16

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
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The growth of the bacteria after MC (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before MC 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Defibrillator 
device 17

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ER Stethoscope 18

- - - - √ - 50.000 2
- - - - - - No growth 3
- 30.000 - - √ - 50.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - √ - 30.000 8
- - - - √ - 50.000 1

ER Otoscope 19

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- 30.000 - - √ - 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ER Blood pressure 
meter 20

- - 30.000 - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - √ 30.000 7
- - - - - - No growth 8

Table 2. Investigating the effect of HPV method on three bacteria - Escherichia coli, Staphylococcus aureus 
and Pseudomonas aeruginosa

The growth of the bacteria after HPV (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before HPV 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ICU Hospital bed 1

- - - - - √ 30.000 2
- - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - √ 50.000 7
- - - - - - No growth 8
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The growth of the bacteria after HPV (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before HPV 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ICU Infusion pump 2

- - - - - - No growth 2
- - - √ - - 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Suction device 3

- - - - - - No growth 2
- - - - √ - 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - √ - 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Ventilator 4

- - - - - - No growth 2
- - - - √ - 50.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - √ - - 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Otoscope 5

- - - - - - No growth 2
- - - - - - No growth 3
- 30.000 - - √ - 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - √ - 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Blood pressure 
meter 6

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - √ 30.000 1

ICU Bed mattress 7

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - √ - - 30.000 5
- - - - - √ 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
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The growth of the bacteria after HPV (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before HPV 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ICU Defibrillator 
device 8

- - - - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Stethoscope 9

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - √ - 50.000 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Electrosurgery 
device 10

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Infusion pump 11

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Stethoscope 12

- - 30.000 - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Blood pressure 
meter 13

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 50.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - 50.000 - - √ 50.000 8
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The growth of the bacteria after HPV (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before HPV 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

OR Surgical Bed 14

- - - - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Surgical 
lighting 15

- - - - - - No growth 2
- - - - - √ 50.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Anesthesia 
Machine 16

- - - - - √ 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - √ - 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - √ 50.000 8
- - - - - - No growth 1

OR Defibrillator 
device 17

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ER Stethoscope 18

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - √ 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

ER Otoscope 19

- - - - √ - 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - √ - 30.000 5
- - - - - - No growth 6
- - - - - √ 30.000 7
- - - - - - No growth 8



Effect of hospital equipment disinfection    Yosra Sedaghat et al.    INFEKTOL GLASN 2019; 39(3):66-84

80

The growth of the bacteria after HPV (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before HPV 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ER Blood pressure 
meter 20

- - 30.000 - - √ 50.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8

Table 3. Investigating the effect of UV-C method on three bacteria - Escherichia coli, Staphylococcus aureus 
and Pseudomonas aeruginosa

The growth of the bacteria after UV-C (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before UV-C 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

ICU Hospital bed 1

- - - - - - No growth 2
- - - - √ 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5

30.000 - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Infusion pump 2

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Suction device 3

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - √ 30.000 5
- - - - - - No growth 6
- - - - - √ 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Ventilator 4

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - √ 50.000 7
- - - - - - No growth 8
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The growth of the bacteria after UV-C (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before UV-C 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - √ - 30.000 1

ICU Otoscope 5

- - - - - No growth 2
- - - - √ - 30.000 3
- - - - - - No growth 4
- - - - √ - 50.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Blood pressure 
meter 6

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Bed mattress 7

- - - - - √ 50.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - 30.000 - - √ 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

ICU Defibrillator 
device 8

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - √ - 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - √ - 30.000 1

ICU Stethoscope 9

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - √ - 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Electrosurgery 
device 10

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 50.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - √ 50.000 8
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The growth of the bacteria after UV-C (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before UV-C 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

OR Infusion pump 11

- - - - √ - 30.000 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - √ - 30.000 5
- - - - - - No growth 6
- - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Stethoscope 12

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - √ 50.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Blood pressure 
meter 13

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - √ 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Surgical Bed 14

- - - - - - No growth 2
- - 30.000 - - √ 30.000 3
- - - √ - - 30.000 4
- - - - - - No growth 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - √ 30.000 8
- - - - - - No growth 1

OR Surgical 
lighting

15
- - - - - - No growth 2
- - - √ - - 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - - No growth 6
- - 30.000 - - √ 30.000 7
- - - - - - No growth 8
- - - - - - No growth 1

OR Anesthesia 
Machine 16

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 50.0000 6
- - - - - - No growth 7
- - - - - - No growth 8
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The growth of the bacteria after UV-C (CFUs) Control Strain(CFUs) The growth of 
the bacteria 
before UV-C 

(CFUs)

number 
of 

samples
Section Equipment RowPseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli
Pseudomonas 

aeruginosa
Staphylococcus 

aureus
Escherichia 

coli

- - - - - - No growth 1

OR Defibrillator 
device 17

- - - - - - No growth 2
- - - - - √ 30.000 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 50.000 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - √ - - 30.000 1

ER Stethoscope 18

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - √ - - 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - - - - No growth 8
- - - - √ - 50.000 1

ER Otoscope 19

- - - - - - No growth 2
- - - - - - No growth 3
- - - - √ - 50.000 4
- - - √ - - 30.000 5
- - - - - - No growth 6
- - - - - - No growth 7
- - - √ - - 50.000 8
- - - - - - No growth 1

ER Blood pressure 
meter 20

- - - - - - No growth 2
- - - - - - No growth 3
- - - - - - No growth 4
- - - - - - No growth 5
- - - - - √ 30.000 6
- - - - - - No growth 7
- - - - - - No growth 8
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