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Computed tomography (CT) premises theoretically comprise one of the strategic 
points in the spread of hospital-acquired infections (1, 2). There is an increased use of 
these systems during COVID-19 pandemic as they play a key role in assisting diagno-

sis and have even been used as a primary diagnostic tool in some countries on the basis of 
case definitions (2–4). Therefore, these facilities have gained recognition as being of major 
importance during the pandemic regarding disease transmission (5, 6). Several attempts, 
mostly empirical, were undertaken to ensure microbiological decontamination in these 
units. Not only surfaces, but air in the scanning rooms may theoretically contain a signif-
icant amount of pathogenic microorganisms (1, 5). Various methods exist for atmospheric 
decontamination, one of which is the process of purification by ultraviolet (UV) radiation.

The antimicrobial effects of UV radiation have been known for a long time (7). Radiation 
is classified according to wavelength, as A, B, and C; the shorter the wavelength, the more 
severe its biological effects. Ultraviolet C (UV-C) radiation, consisting of wavelengths shorter 
than 280 nm, is completely absorbed by the atmosphere and is unable to reach the earth’s 
surface. Nevertheless, UV-C radiation is artificially produced by low-pressure mercury vapor 
discharge lamps or light-emitting diode (LED) lamps, and is used particularly to decontam-

PURPOSE 
Computed tomography (CT) premises are one of the strategic points in the spread of hospi-
tal-acquired infections. Ultraviolet germicidal irradiation (UVGI) is an effective method that could 
potentially be used to purify the ambient air in them. However, it cannot be directly used in the 
presence of humans and, therefore, it is not operationally suitable in such units with continuous 
human circulation. Newer devices have been developed to purify air with more efficient and 
shielded UV-C sources. This study aims to assess the microbial air contamination in CT scanning 
rooms and investigates the efficacy and technical considerations of shielded UV-C arrays.

METHODS
Two shielded UVGI systems, each equipped with 15 Watt UV-C LED arrays, were tested in a very busy 
CT unit. Initially, a pilot study was performed to determine ambient microorganisms under routine 
conditions before UVGI installation, followed by three basic scenarios of UVGI use under  normal and 
abnormal conditions: A, UVGI, with both air-conditioning (AC) and ventilation on; B,  UVGI, with AC on 
and ventilation off; C, UVGI, with both AC and ventilation off. Ambient air was sampled in various time 
points before and after the initialization of UV irradiation and analyzed for colony formation.

RESULTS
The mean total colony count in the pilot study was 1360±450 CFU/m3. Pre-UVGI colony count 
was 3510 CFU/m3 for Scenario A, ~10000 CFU/m3 for Scenario B and 990 CFU/m3 for Scenario C. 
Thirty minutes after UVGI, total colony counts in all three scenarios dropped to 30 to 70 CFU/m3. 
Under normal operating conditions and UVGI, the mean colony count was found as 21.4±13.5 
CFU/m3 and the average efficacy of the UVGI was found as 99.39%.

CONCLUSION
This study identified substantial microbial air contamination in CT scanning rooms during nor-
mal and abnormal operating conditions.  UV-C LED arrays effectively eliminate these microbio-
logical contaminants. This effect is also observed under abnormal operating conditions where 
no other means of ventilation or air conditioning exists. 
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inate the water sources from bacteria, vi-
ruses, fungi, and certain protozoa through 
photochemical reactions. These systems 
are referred to as UV germicidal irradiation 
(UVGI), in which naked-type mercury lamps 
are used in health institutions for tempo-
rary irradiation of environments such as 
laboratories, operating rooms, and biolog-
ical safety cabinets. However, the harmful 
effects of UV-C radiation in humans, espe-
cially on the skin and eyes, is well known (8). 
For this reason, uncovered (naked) systems 
are not directly used in the presence of pa-
tients and personnel and are not operation-
ally suitable in environments with continu-
ous patient circulation.

In order to eliminate the abovemen-
tioned disadvantages of conventional UVGI 
systems, newer devices have been devel-
oped to purify ambient air with much more 
efficient UV-C LED sources and shielded sys-
tems. The potential use of these systems in 
the crowded environments of health insti-
tutions have gained importance through-
out the pandemic period. However, the 
quantification of microorganisms in the air 
in CT scanning rooms and the effectiveness 
of UVGI was not scientifically evaluated to 
this date. This is an initial study that inves-
tigates the use and the efficacy of shielded 

UVGI systems in CT scanning rooms with 
continuous and intense use.

Methods
Setting

This study was conducted in a CT scan-
ning room located in the emergency radiol-
ogy center of a tertiary referral hospital: the 
institution is officially designated as a pan-
demic hospital. An average of 320 daily tho-
racic examinations have been performed in 
that particular unit during the climax of the 
pandemic. The CT device was a 128-slice 
scanner (Optima 660 SE, GE Healthcare). 
Usable dimensions of the designated room 
were 654×417×310 cm (L×W×H) and its 
gross volume was 84.54 m3 (Fig. 1). The 
room had a false ceiling with acoustic ceil-

ing tiles. There were two doors to the room. 
The door between the scanning and the 
control room was 210×100 cm in size and 
had a hydraulic closing mechanism to keep 
it always closed except during personnel 
passage. The main door for the patient 
entrance was 210×130 cm in size and was 
kept open for ventilation between each 
patient. The room contained two split-type 
air conditioner (AC) units. These units were 
located 250 cm above the floor, each with 
24000 BTU/hour capacity and set to 20ºC in-
ternal room temperature. Compressors and 
outdoor air intakes for these systems were 
at least 180 cm above ground (9). However, 
they run in recirculation mode to dissipate 
the heat at maximal efficiency. With the use 
of those systems, the temperature was usu-

Main points

• Air in the CT room contains a significant 
amount of microorganisms, regardless of 
ventilation, under routine working condi-
tions.

• Microorganisms are known to proliferate 
in environments where air, dust, and water 
are present, and air-conditioning may be an 
important factor leading to microbiological 
contamination. 

• Ultraviolet C radiation exerts a significant 
decontaminating effect on airborne micro-
organisms under normal and many abnor-
mal conditions with an efficacy of more than 
99.39% in routine use, reducing mean colony 
counts to clean room standards. But it should 
not be used as a stand-alone technology.

• LED ultraviolet C sources present much high-
er radiant power and with a shielded design 
they can be used while people are present in 
the room.

• In CT scanning rooms air-conditioning is 
needed to keep the ambient temperature 
below certain limits to ensure scanner’s func-
tionality, which may cause dissemination of 
SARS-CoV-2 during the COVID-19 pandemic. 
Theoretically, SARS-CoV-2 may be deactivat-
ed by ultraviolet C irradiation. Figure 1. Architectural design of the CT scanning room and placement of the devices: UVGI (blue); AC 

(green); ventilation (yellow); active air sampler (red).



ally kept below 23°C and relative humidity 
level was kept below 60% (9, 10). ACs did 
not have filtration, as they were indepen-
dent and served only the scanner room. 
The room also had two duct-type fans to re-
move ionized air. One of these fans was lo-
cated 30 cm above the floor and absorbed 
880 m3 air per hour, and the other was lo-
cated 30 cm below the ceiling and emitted 
880 m3 air per hour, hence providing more 
than 12 air change per hour for the useful 
volume of the room. Exhaust outlet from 
the room was situated above the roof level 
and arranged to minimize the recirculation 
of exhausted air back into the building (9). 

Along the long walls of the room, two 
shielded UVGI fan systems (UVC FAN-15, 
AeroRad) were positioned 250 cm above 
the floor, aligned to the approximate cen-
ter of the CT table at both sides (Fig. 2a). 
Each of these devices used a linear array 
of 3.5×3.5×1.36 mm LED elements, pro-
ducing UV-C radiation of 270–280 nm in 
wavelength and 15 Watt in power. They also 
provided air circulation at a rate of 286 m3/
hour per device. The LED arrays, used as a 
source of UV-C in these devices were po-
sitioned before the output duct of the de-
vice, and they were therefore shielded from 
outside environment (Fig. 2b). Within the 
framework of the specified system and the 
setup schematized in Fig. 1, the entire room 

volume was theoretically processed in 8.86 
minutes. 

Pilot study and operating scenarios
All studies were conducted in the same 

room during four separate workdays with 
almost equivalent workloads. Initially, a pilot 
study was conducted to determine the actual 
presence of microorganisms in the air of the 
CT scanning room that may merit decontam-
ination, as well as their variability in numbers 
and types. In this pilot study, UVGI was not in-
stalled yet, and AC and ventilation were on as 
usual. The pilot study lasted for 6 hours, from 
noon to 6 PM. During that run, 57 patients 
were examined and the number of scans was 
94. During the pilot study, 18% of the scans 
were thoracic examinations for COVID-19.

During the operating scenarios, three ba-
sic tests representing normal and abnormal 
operating conditions were investigated: (i) 
Scenario A (normal): UVGI, AC, and venti-
lation on; (ii) Scenario B (abnormal): UVGI 
and AC on, ventilation off; (iii) Scenario C 
(abnormal): UVGI on, AC and ventilation off. 
The room continued to be in routine use 
as each of the scenarios was run. Each sce-
nario, except Scenario C, lasted for 6 hours, 
from noon to 6 PM. Number of patients im-
aged during these test periods were 45, 52, 
and 16, and number of scans were 73, 88, 
and 23, respectively. 

During the operating scenarios, approxi-
mately 28% of scans were thoracic examina-
tions for COVID-19. During the pilot study 
and the operating scenarios, all patients, irre-
spective of their COVID-19 status suspected 
or confirmed, were provided with dispos-
able medical masks upon their arrival for CT 
imaging and were admitted to CT scanning 
room after covering their mouth and nose 
(11). Gantry and the patient couch of the CT 
scanner was cleaned and disinfected after 
encounter with such patients by focusing on 
high-touch surfaces and by using a fast-act-
ing disinfecting solution that contained 5% 
2-Propanol (CAS registry number: 67-63-0) 
and 2% didecyldimethylammonium chloride 
(CAS registry number: 7173-51-5) as active 
substrates. The floor of the scanning room 
was cleaned and disinfected three times a 
day with 1/10 diluted sodium hypochlorite 
solution with 6%–14% active chlorine (6, 4, 
11, 12). Neither surface nor floor decontam-
ination took place during the actual micro-
biological sampling. A terminal cleaning and 
disinfection of the scanning room occurred 
at the end of each day.

Air sampling
Air measurements were performed with 

a device known as an active air sampler 
(Hytest Air, Diatek). The sampler was brand-
new and had factory-certified initial calibra-
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Figure 2. a–c. Study environment and devices. Panel (a) shows the CT scanning room and UVGI system (arrow); panel (b) shows the placement of the 
UV-C LED elements behind the fan (arrow); panel (c) shows the air sampling device and blood agar.

a b c
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tion before its use. This equipment is used 
to sample a previously determined quan-
tity of air of between 10 and 1000 liters to 
quantitate the microbiological status of air 
in the environment. There is no internation-
ally recognized standard for air sampling in 
the radiology units (13). Therefore, choice 
of media, sampling volume, frequency, 
sampling position, and incubation time 
were based on a recent paper of Stauning 
et al. (14) on operating rooms and recom-
mendations from infection control staff at 
our institution. A sampling volume of 1000 
L, as suggested for nonradiological settings 
was not possible since a pilot study with 
this volume returned all samples with too 
many colonies to give reliable counts (15). 
We have therefore used a sampling volume 
of 100 L as recommended by Staunning et 
al. (14). Under each of the conditions de-
scribed above, the sampler was placed in 
the center of the room on the patient couch 
and the air were sampled on blood agar 
plates with 5% defibrinated sheep blood 
immediately before (0 minutes) and 30, 60, 
120, 180, 240, 300, and 360 minutes after 
initialization of UVGI (Fig. 2c). Samples for 
“0” minutes were obtained in order to get a 
“reference value” of ambient bacteria condi-
tions for each scenario. For that reason, the 
scenario conditions -other than the UVGI, 
were in place for 2 hours before the initial 
reference sampling at 0 minutes was per-

formed. The UVGI, on the other hand, was 
completely operational at all times except 
during each testing period of 6 hours and 
was made operational immediately after 
obtaining initial reference sampling at the 
beginning of the experiment (i.e., 0 min).

Data analysis
For the analysis of bacteria an incubation 

period of 48 hours is required. Therefore, 
plates were incubated for 48 hours at 35ºC 
and were photographed at the end of that 
period (Fig. 3). They were read by a medical 
microbiologist blinded to the experimental 
settings. Laboratory analysis was done to 
determine the total amounts of bacteria 
and fungi and to identify 3 major species 
of bacteria (i.e., diphtheroids, bacilli sp., 
Staphylococcus spp.) that was indicated in 
relevant literature (1). These types were also 
found to be prevalent in our pilot study and 
they were known to have particular resis-
tance to low level of disinfection (12). The 
limit of detection (LOD) of this sampling 
and analysis method was 1 colony forming 
unit (CFU) per 100 liters. Therefore, colony 
counts were indicated as CFU per 100 liters 
(CFU/100 L) of air. However, data regarding 
total colony count were transformed to CFU 
per metric cube (CFU/m3) by multiplying 
them with 10 to allow comparison with 
relevant literature. The incubation of fungi 
takes up to 7 days for differential analysis. 

Therefore, samples were further incubat-
ed at room temperature up to 7 days and 
re-photographed at the end of that period 
for better visual demonstration of fungi.

Data were presented using descriptive 
methods. Minimum, maximum, mean ± stan-
dard deviation for total colony counts were 
indicated for each scenario. The efficacy (E) 
for each scenario was calculated as described 
below and was based on the average number 
of total colony counts at 30 to 360th minutes 
during each scenario and the number of total 
colony counts at 0 minute for each scenario 
which served as the control count. 

Research ethics standards compliance
The study was approved by Insti-

tutional Review Boards (Approval no: 
17073117_050.06_E.114 and 2020-06-
15T16 _41_08). This study was not a clinical 
investigation on human subjects or a labo-
ratory experiment animal subjects, sample 
collection did not prolong the radiological 
examination or alter the scanning protocols 
and UVGI was not a part of regulatory or 
customary air purification measures for the 
premise where the study was conducted. 
Informed consent was obtained for radio-
logical investigation precluding these fac-
tors. 

Results
The mean total colony count in the pilot 

study was 1360±450 CFU/m3 (Fig. 3, Table 
1). Pre-UVGI total colony count (i.e., refer-
ence value) was 3510 CFU/m3 for Scenario 
A, 10000 CFU/m3 for Scenario B and 990 
CFU/m3 for Scenario C. Thirty minutes after 
UVGI, colony counts for Scenarios A, B and 
C were dropped to 30, 70, and 60 CFU/m3, 
respectively. At the end of six hours, colo-
ny counts of Scenario A and B were 40 and 
20 CFU/m3, respectively. In Scenario C, in 
which AC was disabled, the room tempera-
ture reached 26.8ºC at 120 minutes. Since 
maximum permissible room temperature 
for CT system was 27ºC, the study was dis-
continued at that point in time (Fig. 4, Ta-
ble 2). According to Table 2, total colony 
counts for Scenario A were between 0 and 
40 CFU/m3 (21.4±13.5 CFU/m3). Total colony 
counts for Scenario B were between 10 and 
70 CFU/m3 (37.1±26.3 CFU/m3). Total colony 
counts for Scenario C were between 30 and 
60 CFU/m3 (46.7±15.3 CFU/m3). The num-
ber of colonies detected during each test 
period continued to be at very low levels (at 
most +1 colonies per 100 L of air compared 

Figure 3. Appearance of the medium in the pilot study exposed to air sampling with one hour intervals.



to colony count at 30 min for same volume) 
despite the intense use of the room and 
subsequent flow of patients (45 patients for 
Scenario A, 52 patients for Scenario B and 
16 patients for Scenario C) and personnel in 
and out of the room (Fig. 3). 

The most abundant (3100 CFU/m3) mi-
croorganism observed at the beginning 
of Scenario A was the diphtheroid bacil-
lus. In Scenario B, with the ventilation sys-
tem turned off, Staphylococcus sp. were 
more common (9000 CFU/m3). In Scenario 
C, in which the ventilation and AC turned 

off, there was no significant predomi-
nance of any specific microorganism (Fig. 
4, Table 2).

According to these findings, total efficacy 
of the UVGI fan system was highest in Sce-
nario B (99.63%), and lowest in Scenario C 
(95.28%). In normal operating conditions 
(i.e., Scenario A) the efficacy was 99.39%, 
almost equal to the efficacy in Scenario B.

Discussion
This study demonstrates that the air in the 

CT room contains a considerable amount of 

microorganisms in routine working condi-
tions. Conventional ventilation systems can 
theoretically reduce particles suspended in 
the air by removing contaminated air from 
the room and providing fresh air in return 
(16). In this regard, they may act as a simple 
measure against infection by diluting indoor 
air and evacuating infectious agents from 
around a source (17). In fact, in Scenario B 
during which ventilation was deactivated, 
the initial number of ambient microorgan-
isms in the environment was significant-
ly above the numbers in normal working 
conditions (10000 CFU/m3 vs. 3510 CFU/m3, 
respectively). However, even in well-venti-
lated rooms, number of microorganism in 
the air is still very high, as shown in the pilot 
study (mean, 1360 CFU/m3), and at the start 
of Scenario A (3510 CFU/m3). Moreover, the 
primary role of the ventilation systems is not 
to control the infection but to provide fresh 
air to patients and workers and, at least for 
the country where this study was conduct-
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Figure 5. Mold colonies on day 7. Aspergillus 
colony was observed at 60 min in Scenario B 
during which AC was fully operational. This is 
a major fungal microorganism with airborne 
transmission in healthcare facilities (20).

Table 1. Colony count and its distribution at 48 hours in the pilot study

Experimental 
condition

Time point 
(min) UVGI Ventilation AC

Temperature 
(°C)

Humidity 
(%)

Total 
colonies 
(CFU/100 L)

Diphtheroid 
(CFU/100 L)

Bacilli sp. 
(CFU/100 L)

Staphylococcus 
species  
(CFU/100 L)

Fungi 
(CFU/100 L)

Pilot study

0 None On On 23.7 49 198 19 2 176 1

60 None On On 23.6 49 113 9 10 93 1

120 None On On 23.8 49 94 25 6 63 0

180 None On On 24.1 50 109 22 6 80 1

240 None On On 24.1 47 114 31 12 71 0

300 None On On 24.0 48 187 51 20 116 0

Mean None On On 23.8 48.7 136 26 9 100 1

UVGI, ultraviolet germicidal irradiation; AC, air conditioning; CFU, colony forming unit.

Figure 4. Appearance of the medium exposed to air sampling before UV-C exposure and 30 and 
360 minutes after UV-C exposure. UV-C significantly decreases the number of microorganisms in the 
environment under all three conditions (Scenario C was brought to an end at the end of two hours, in 
which ambient air temperature had reached the maximum permissible temperature specified for the 
CT device).

Scenario A

0 min

30 min

360 min

Scenario B Scenario C
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ed, to prevent the accumulation of possibly 
negligible amount of ionized air in the envi-
ronment. These systems are deactivated by 
the technologist in very hot days to keep the 
scanner room temperature within specified 
limits, as ventilation fans emit fresh but warm 
air directly from outside. To summarize, ven-
tilation plays only a collateral role in infection 
control, but it still complies with the recent 
advice of World Health Organization (WHO) 
that recommends CT scanning rooms to be 
adequately ventilated, and if aerosol-gen-
erating procedures are to be performed at 
least 12 air changes per hour to be provided 
(6, 18). 

In Scenario C, in which ventilation and AC 
were simultaneously deactivated, the ini-
tial number of ambient microorganisms in 
the air was much lower than in Scenario A 
during which these systems were fully oper-
ational (990 CFU/m3 vs. 3510 CFU/m3). This 
observation indicates that AC may actually 
be an important factor leading to microbio-
logical contamination. Microorganisms are 
known to proliferate in environments where 

air, dust, and water are present, and AC sys-
tems can be ideal environments for micro-
bial growth if not properly maintained (18). 
Partly for that reason and partly because 
of their perturbation effects on ambient 
air layers, these systems are not permitted 
by many guidelines during the pandemic, 
if not working at very low flow levels (19). 
However, such an operating condition (i.e., 
operating without AC) is not practical, as 
it is impossible to keep the scanner room’s 
temperature within specified limits during 
intense use and in very hot days without 
cooling the ambient air. 

Not only total numbers, but also pre-
dominant species were noted to vary be-
tween different operating conditions. In 
that context, Staphylococcus sp. became 
more prevalent and significantly increased 
in number after deactivating the venti-
lation and normalized after deactivating 
AC units. It is known that accumulation of 
dust and moisture within heating-ventila-
tion-air-conditioning (HVAC) systems in-
creases the risk for environmental fungi and 

bacteria, and clusters of infections caused 
by Aspergillus spp., P. aeruginosa, S. aureus, 
and Acinetobacter spp. have been linked to 
poorly maintained and/or malfunctioning 
air conditioning systems (20, 21) (Fig. 5). In 
that context, it may again be hypothesized 
that a high capacity ventilation dilutes and 
partially removes such microorganisms but 
cannot effectively eliminate them.

Four different methods are currently used 
to reduce the amount of microorganisms 
in the air, hence the risk of airborne trans-
mission, including pressurization, dilution, 
filtration, and purification. As stated in the 
introduction, UVGI is an important method 
used under the latter method. Studies on 
the use of UV-C lamps in health facilities 
have been conducted in the past (22). It has 
been determined that UVGI was especially 
effective against infectious agents in the 
air, preventing the replication and disrupt-
ing vital cellular functions of bacteria and 
viruses by damaging nucleic acids (22, 23). 
These studies were based on the longterm 
irradiation with mercury UV-C lamps in hu-

Table 2. Colony count and its distribution at 48 hours in three different experimental conditions

Experimental  
condition

Time point 
(min) UVGI Ventilation AC

Temperature 
(°C)

Humidity 
(%)

Total colonies 
(CFU/100 L)

Diphtheroid 
(CFU/100 L)

Bacilli sp. 
(CFU/100 L)

Staphylococcus  
species  

(CFU/100 L)

Scenario A
(normal condition)

0 Off (1) On On 20.3 48 351 310 15 25

30 On On On 20.7 49 3 0 0 2

60 On On On 21.4 49 2 0 0 1

120 On On On 21.9 47 1 0 0 1

180 On On On 21.8 47 0 0 0 0

240 On On On 21.8 48 3 0 1 0

300 On On On 21.2 48 2 0 0 1

360 On On On 20.8 49 4 0 3 0

Scenario B  
(abnormal  
condition)

0 Off  (1) Off  (2) On 19.3 56 ~1000 40 5 ~900

30 On Off On 19.2 53 7 0 0 7

60 On Off On 19.1 53 1 0 0 1

120 On Off On 19.3 52 7 0 0 7

180 On Off On 19.1 50 3 0 0 3

240 On Off On 19.6 49 5 0 0 5

300 On Off On 19.8 49 1 0 0 1

360 On Off On 19.9 50 2 0 0 2

Scenario C  
(abnormal  
condition)

0 Off  (1) Off  (2) Off  (3) 22.5 43 99 58 1 39

30 On Off Off 23.4 46 6 2 0 4

60 On Off Off 25.1 46 5 0 0 5

120 On Off Off 26.8 44 3 0 1 2

UVGI, ultraviolet germicidal irradiation; AC, air conditioning; CFU, colony forming unit.
(1) UVGI was activated only during the test periods; (2) Ventilation was deactivated  2 hours before the test; (3) AC was deactivated immediately before the test. 



man-free environments. The current study 
differs from other studies in four main as-
pects: (i) it was conducted in a CT scanning 
room, (ii) in routine use, (iii) under three dif-
ferent scenarios representing normal and 
abnormal working conditions, and (iv) us-
ing shielded type LED UV-C source (22, 24).

This study demonstrates that UV-C expo-
sure, the biological mechanism of which is 
summarized above, has decontaminating 
effect on airborne microorganisms under 
normal and many abnormal conditions. 
This effect reaches up to 99.39% under 
normal conditions where the CT scanning 
room is functioning in the specified manner 
(i.e., ventilation and AC on), with equipment 
routinely operating and with the specified 
number of personnel present. Although 
the routine flow of patients and personnel 
continued in the CT scanning room, the 
ongoing UV-C exposure preserved the level 
of microbiological decontamination not to 
exceed 1 CFU/100 L in colony count. Due 
to human circulation in the indoor environ-
ment and the presence of two doors, indoor 
and outdoor air were constantly mixed and 
it was theoretically impossible to reduce the 
number of microorganisms in the air to ab-
solute zero in normal conditions. However, 
the mean total colony count of 21.4 CFU/m3 

during normal operating conditions was still 
within the limits for industrial clean rooms 
and may be classified microbiologically as 
U.S. Customary Class of 10000 according to 
former Federal Standard 209E (25). It is also 
within the recommended limits of current 
ISO Class 8 (26) and Grade C of European 
Union Guide to Good Manufacturing Prac-
tices (27). Within the context of healthcare 
facilities, there is no internationally recog-
nized standard for air contamination levels 
in radiology units. However, there are cer-
tain but varying recommendations for oth-
er healthcare units. As an example, accept-
able air contamination in operating rooms 
varies from 180 CFU/m3 as suggested by the 
Healthcare Infection Society to 100 CFU/m3 

which is widely used by the Scandinavian 
health authorities (15, 28, 29). In the present 
study, CFU levels that were reached after 
UVGI were lower than these levels that are 
designated for good surgical practices. This 
is even true for abnormal conditions. In this 
study, UVGI effectively lowered total colony 
counts in Scenario B and C, and decreased 
Staphylocococcus sp. colonies almost 1000 
folds after ventilation was deactivated (i.e., 
from 9000 CFU/m3 to 10 CFU/m3, in Scenar-

io C). Ventilation by itself is not as effective 
as UVGI, as in Scenario B, the reference col-
ony number for Staphylocococcus sp. was 
250 CFU/m3. UVGI, therefore significantly 
decontaminates the air with regard to sev-
eral microorganisms even in the absence 
of proper ventilation. This observation is 
also valid for the absence of proper AC with 
ventilation and may act as a contingency 
measure in case of disruption of such con-
ditions. Reactivation of ventilation and AC 
systems are known to cause a transient 
burst of microorganism and necessitate all 
air filters to be changed (20). UVGI, may also 
counteract such burst as it was shown to ef-
fectively eliminate several microorganisms 
within 30 minutes in all scenarios. On the 
other hand, as stated above, the use of AC 
systems with air recirculation are not rec-
ommended during the pandemic (19). Nev-
ertheless, in CT scanning rooms that houses 
scanners with high scan rates, they need to 
be present to help cool the machine. UVGI 
efficiently eliminates total number of micro-
organisms in such situations and reaches to 
over 95% efficacy as shown in Scenario C. 

Direct exposure to UV-C radiation is harm-
ful to human health (8, 30). The most com-
mon precaution against these effects is the 
placement of UVGI systems near the ceiling 
and screen their lower sections (i.e., upper 
room irradiation) (16, 17). Another method is 
to hide the UV-C source inside the ventilation 
device or ducts (i.e., duct irradiation) (20, 24, 
31). The UVGI system used in our study was 
designed according to the second method, 
which does not require personnel or patients 
to be removed from the room during irradi-
ation. Therefore, active use of the room can 
be continued and a great operational advan-
tage is achieved. Another advantage of the 
second method is that, when combined with 
LED technology, it grants the opportunity to 
apply radiation at much higher levels in ac-
tively used rooms, thereby irradiating sus-
pended particles more intensely and inacti-
vating them faster (16). LED systems present 
much higher radiant power and allow emis-
sion of higher doses in shorter periods of 
time. An important point to be considered in 
shielded systems is that the air flow through 
the device must not exceed 6 air changes 
per hour (16). This is because faster air flow 
shortens the amount of time the particles 
are exposed to UV-C radiation. Therefore, in 
the UVGI systems used in our study, the rate 
of air changes per hour was adjusted to be 
approximately 3.4 air changes per hour for 

each device. The specified level should be 
calculated and adjusted independently for 
each space. Since the purification effect de-
pends on air mixing via convection between 
the room’s irradiated upper zone and the 
lower patient-care zones, this should be tak-
en into account during calculations (32, 33). 

Apart from contamination of bacteria 
and fungi, air in CT scanning rooms may 
theoretically contain viral microorgan-
isms. However, very few of them are con-
sistently airborne in transmission (i.e., are 
routinely suspended in an infective state 
in air and capable of spreading great dis-
tances) and hospital-infections of airborne 
viral diseases are very limited (20). There-
fore, infection-control measures used to 
prevent spread of these viral diseases in 
healthcare facilities primarily involve pa-
tient isolation, vaccination of susceptible 
persons, and antiviral therapy as appropri-
ate rather than measures to control air flow 
or quality (34). As such, in COVID-19 inter-
national guidelines recommended droplet 
and contact precautions to be followed as 
droplets are known not to stay in the air for 
such distances, and droplet transmission 
followed by contaminated surfaces are 
believed to be the main modes of spread 
for SARS-CoV2 in radiology suites (11, 35, 
36). However, the disease is known to have 
high concealment and rapid transmission 
(37). Aerosol propagation, therefore, is 
another theory yet to be proved (5). Such 
mode is thought to be important for prem-
ises where aerosol-generating procedures 
such as cardiopulmonary resuscitation or 
non-invasive ventilation are performed (6). 
These droplet nuclei can be suspended in 
the air for longer periods and be transport-
ed over longer distances (38). Also, it is rec-
ommended to turn off all ACs to prevent 
air contamination as tested in Scenario 
C (5). However, in CT scanning rooms AC 
systems are needed to keep the ambient 
temperature below certain limits to en-
sure scanner’s functionality, and this may 
theoretically cause dissemination of the 
infectious agent. There is a limited num-
ber of studies on the sensitivity of SARS-
CoV-2 towards the germicidal effect of UV 
radiation. Studies on the effects of UV-C on 
members of the coronavirus family, includ-
ing members of SARS-CoV, have demon-
strated high efficacy of this radiation on 
the specified microorganisms (39, 40). In 
experiments, the necessary UV dosage for 
SARS-CoV reduction was investigated and 

Ultraviolet germicidal irradiation in CT rooms • 299



300 • March–April 2021 • Diagnostic and Interventional Radiology Yıldırım et al.

it was found that UV-C light completely 
inactivated the SARS virus at a distance of 
3 cm for 15 minutes at 4016 μW/cm2 (39). 
The fact that the genome of SARS-CoV-2 is 
80% homologous with SARS-CoV suggests 
that SARS-CoV-2 could be deactivated by 
UV-C of similar magnitude and duration 
(41). 

In conclusion, during the COVID-19 pan-
demic, many national and international 
recommendations for disinfection of ra-
diology departments have been published 
and constantly updated, most of which are 
based on empirical approach (6). In light 
of the findings in this study, shielded UV-C 
LED fan systems stand out as an effective 
method in the decontamination of air in 
CT units for several microorganisms, where 
contact with certain or potential cases is 
inevitable. This effect is observed both 
for normal and abnormal operating con-
ditions where no other means of ventila-
tion or air conditioning exist or permitted. 
However, it should be kept in mind that 
decreasing germ numbers may not neces-
sarily decrease the number of airborn con-
tagious diseases in patients and workers. 
This technology, therefore, should further 
be evaluated regarding the end results 
and the protection of workers and patients 
from airborn contagious infections should 
be demonstrated on large scale compara-
tive studies. Also, more specific studies on 
protection from COVID-19 infection are 
needed. 
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