
HUAIRS Outcome Study: Scanning Electron Microscopy of Operating Theatre Air

Introduction: Implementation of technologies to supplement air quality engineering controls in the operating 
rooms (OR) could aid in prevention of surgical site infections (SSI), especially those involving an implant which 
require a very small inoculum to create an infection. Ultraviolet germicidal irradiation (UVGI) systems can be utilized 
to improve indoor air quality in high risk clinical applications by inactivating microorganisms and �ltering out 
airborne particulates.  Materials and Methods:  The Illuvia 500UV, a portable HEPA Ultraviolet Air Recirculation 
System (HUAIRS) was utilized during two orthopedic surgical procedures. The �ltration capacity of the Illuvia 500UV 
was evaluated. After each surgical case the air inlet �ltration cartridge was analyzed for deposited debris via scan-
ning electron microscopy (SEM).  Results: A signi�cant number of airborne particulates was detected within the 
cartridge after each surgical procedure, with morphology consistent with microorganisms and skin cell fragments. 
Conclusion: The results of this report support the e�cacy of the Illuvia 500UV unit in removing a signi�cant quantity 
of airborne particles. This indicates the potential for reducing the risk of surgical infection for procedures involving 
implants, and improving the general quality of air for the surgical team.

Elevated microbial contamination of indoor air in 
healthcare facilities is recognized as a risk factor for 
hospital acquired infections, including surgical site 
infections (SSI) 1-5. Multiple air sampling studies have 
been conducted in ORs 6-9. Overall, currently employed 
engineering controls to improve air quality in operating 
rooms, speci�cally, positive air pressure and 20 air 
changes per hour (ACH/h) can be circumvented by high 
frequency of door openings and high OR occupancy 
respectively. This in turn serves to disrupt, resettle and 
in some cases increase airborne particulates, some of 
which are shed by the surgical team and the patient7, 

10-12. On average as many as 30% of airborne particulates 
in an OR can be bacteria laden. Surgical infection in a 
procedure involving an implant can occur with only a 
very small inoculum, due to the fact that the body’s 
primary immunological response is directed against the 
implant itself and not the presence of contamination. 
Once an organism attaches to the surface of a device, 
the bacteria will begin multiplying at a slower rate, 
which further shields the host from noticing the pres-
ence of contamination13. Consequently, implementa-
tion of technologies to reduce airborne contaminants 
would be especially useful in reducing SSI risk for surgi-
cal procedures involving implants. In addition, 
enhanced air quality in OR may also decrease surgical 
team exposure to smoke plume and other procedural 
airborne contaminants.

Ultraviolet germicidal irradiation (UVGI) is a powerful 
modality utilized by increasing numbers of healthcare 
facilities as an adjunct to manual environmental clean-
ing, and is e�ective against a broad-range of microor-
ganisms. The exposure of bacteria, viruses and spores to 
short-wavelength C-band ultraviolet light (UV-C) leads 
to signi�cant damage of the microorganism’s genetic 
material causing inhibition of vitally important func-
tions and subsequent death. UVGI technologies can 
similarly be employed as powerful adjuncts for improv-
ing indoor air quality in high risk environments such as 
operating rooms. Unfortunately, many UVGI air recircu-
lation or ”air scrubbing” units have limited disinfection 
capacity due to their compact size and large air�ow. As 
a result, the time of microbial UV-C exposure is not su�-
cient to meet minimum requirement of 0.25 sec in order 
to achieve complete microorganism inactivation12.

To address the shortcomings in current “air scrubbing” 
UVGI-enabled technologies, AEROBIOTIX has devel-
oped a portable HUAIRS (Illuvia 500UV) (Figure 1). The 
key biocidal technology is a reactor system with UV-C 
light focused over the reaction chamber �lled with clear 
cylindrical silicate crystals. The silicate crystals provide a 
solid UV-permeable media �lter to increase the expo-
sure of air bioburden to the UV light (>0.25 sec). A 
unique feature of silicate crystal is that it can be 
e�ciently penetrated by UV-C irradiation (C-UVC). 

Therefore, while organisms are slowed or trapped in the 
solid crystalline matrix, they are inactivated by the 
penetrating UV-C dosage. This has the e�ect of 
immensely increasing the inactivation e�ciency over 
current UVGI technologies. The C-UVC component is 
further augmented by placement of two �lter systems 
to physically remove air particulates (Figure 1 A, D). The 
�rst �lter system is comprised of a cartridge which is 
placed at the air inlet (Figure 1A), adjacent to the motor. 
This cartridge is exposed to high volumes of untreated/-
contaminated air, and is designed to be replaced after 
each surgical procedure. The second �lter system 
(Figure 1D) is a 99.97% e�cient HEPA �lter, which is 
placed downstream from the reaction chamber, and in 
combination with the cartridge, produces ultraclean air 
output.

This study was designed to evaluate the e�cacy of 
airborne particulate entrapment by the Illuvia 500UV 
during two orthopedic procedures in order to discern 
potential SSI risk reduction bene�t in surgical proce-
dures involving implants.
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Elevated microbial contamination of indoor air in 
healthcare facilities is recognized as a risk factor for 
hospital acquired infections, including surgical site 
infections (SSI) 1-5. Multiple air sampling studies have 
been conducted in ORs 6-9. Overall, currently employed 
engineering controls to improve air quality in operating 
rooms, speci�cally, positive air pressure and 20 air 
changes per hour (ACH/h) can be circumvented by high 
frequency of door openings and high OR occupancy 
respectively. This in turn serves to disrupt, resettle and 
in some cases increase airborne particulates, some of 
which are shed by the surgical team and the patient7, 

10-12. On average as many as 30% of airborne particulates 
in an OR can be bacteria laden. Surgical infection in a 
procedure involving an implant can occur with only a 
very small inoculum, due to the fact that the body’s 
primary immunological response is directed against the 
implant itself and not the presence of contamination. 
Once an organism attaches to the surface of a device, 
the bacteria will begin multiplying at a slower rate, 
which further shields the host from noticing the pres-
ence of contamination13. Consequently, implementa-
tion of technologies to reduce airborne contaminants 
would be especially useful in reducing SSI risk for surgi-
cal procedures involving implants. In addition, 
enhanced air quality in OR may also decrease surgical 
team exposure to smoke plume and other procedural 
airborne contaminants.

Ultraviolet germicidal irradiation (UVGI) is a powerful 
modality utilized by increasing numbers of healthcare 
facilities as an adjunct to manual environmental clean-
ing, and is e�ective against a broad-range of microor-
ganisms. The exposure of bacteria, viruses and spores to 
short-wavelength C-band ultraviolet light (UV-C) leads 
to signi�cant damage of the microorganism’s genetic 
material causing inhibition of vitally important func-
tions and subsequent death. UVGI technologies can 
similarly be employed as powerful adjuncts for improv-
ing indoor air quality in high risk environments such as 
operating rooms. Unfortunately, many UVGI air recircu-
lation or ”air scrubbing” units have limited disinfection 
capacity due to their compact size and large air�ow. As 
a result, the time of microbial UV-C exposure is not su�-
cient to meet minimum requirement of 0.25 sec in order 
to achieve complete microorganism inactivation12.

To address the shortcomings in current “air scrubbing” 
UVGI-enabled technologies, AEROBIOTIX has devel-
oped a portable HUAIRS (Illuvia 500UV) (Figure 1). The 
key biocidal technology is a reactor system with UV-C 
light focused over the reaction chamber �lled with clear 
cylindrical silicate crystals. The silicate crystals provide a 
solid UV-permeable media �lter to increase the expo-
sure of air bioburden to the UV light (>0.25 sec). A 
unique feature of silicate crystal is that it can be 
e�ciently penetrated by UV-C irradiation (C-UVC). 

Therefore, while organisms are slowed or trapped in the 
solid crystalline matrix, they are inactivated by the 
penetrating UV-C dosage. This has the e�ect of 
immensely increasing the inactivation e�ciency over 
current UVGI technologies. The C-UVC component is 
further augmented by placement of two �lter systems 
to physically remove air particulates (Figure 1 A, D). The 
�rst �lter system is comprised of a cartridge which is 
placed at the air inlet (Figure 1A), adjacent to the motor. 
This cartridge is exposed to high volumes of untreated/-
contaminated air, and is designed to be replaced after 
each surgical procedure. The second �lter system 
(Figure 1D) is a 99.97% e�cient HEPA �lter, which is 
placed downstream from the reaction chamber, and in 
combination with the cartridge, produces ultraclean air 
output.

This study was designed to evaluate the e�cacy of 
airborne particulate entrapment by the Illuvia 500UV 
during two orthopedic procedures in order to discern 
potential SSI risk reduction bene�t in surgical proce-
dures involving implants.
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Figure 1. In-room C-UVC/HEPA Ultraviolet Air Recirculation System - 
Illuvia 500UV. The unit was developed to accommodate the 450 ft3/min 
(CFM) air�ow for placement in standard operating room (OR) environment. 
The 24x18 inch (61x46cm) air intake is located at the lower side of the device 
supplemented with air �ltration cartridge (Performance level 1) (A) adjacent 
to the blower/motor unit (B). The C-UVC (254nm) reactor (C) is located in the 
middle of the system along the path of the air�ow. The silicate crystals within 
the reactor form a solid UV-permeable media prolonging C-UVC exposure of 
airborne pathogens for maximum killing of viable bacteria, viruses and 
spores. The 24x12 inch (61x30.5 cm) clean air exhaust/HEPA �lter assembly is 
positioned at the top of the device (D).

MATERIALS AND METHODS

New Illuvia 500UV Performance Cartridges were placed 
in an OR HUAIRS unit supplied by AEROBIOTIX (Dayton, 
OH). The device was operating at 450 ft3/ min (CFM) 
air�ow during two surgical procedures: a hip arthro-
plasty and a spinal fusion. After each surgical proce-
dure, the air inlet cartridge was removed and examined 
under scanning electron microscopy (SEM) to deter-
mine the nature of airborne particle contamination.

Figure 2. Scanning electron microscopy of contaminating debris found 
on Illuvia 500UV Performance Cartridge  after a single orthopedic 
surgical procedure. Representative images of deposited debris: A) planar 
fragments; B) granular, possibly cellular fragments; C) spindle-shaped, 
possibly squamous fragments. Scale bar 500 μm.

Figure 3. Scanning electron microscopy images of Illuvia 500UV Perfor-
mance Cartridge after continuous air recirculation during a single 
spinal fusion procedure. Representative images of deposited planar, 
granular and possible cellular debris at various magni�cations: A) 100X – 
scale bar 1mm; B) 200X – scale bar 500 μm; C) 500X – scale bar 200 μm; (D- F) 
Representative images showing contaminated �lter �bers, scale bar 500 μm.

RESULTS

The SEM analysis of used inlet �ltration cartridge 
showed a signi�cant number of captured airborne 
particulates. Identi�ed debris was classi�ed as planar, 
granular and spindle-shaped, possibly cell-derived 
fragments (Figure 2).
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Furthermore, the extent of cartridge particle contami-
nation after each use in air recirculation unit appears to 
be consistently high irrespective of the procedure type: 
spinal fusion (Figure 3) and hip replacement (Figure 4). 
Due to the particulate load in the cartridge after each 
procedure, the requirement for per procedure or daily 
use cartridge change was validated.

DISCUSSION

The e�cacy of AEROBIOTIX Illuvia 500UV air recircula-
tion biocidal system has been con�rmed in multiple 
studies. The adoption of this HUAIRS technology is 
recommended as an adjunct to current air quality engi-
neering controls in operating rooms, especially where 
procedures involving implants are performed.
This study examined the nature of airborne particle 
contamination in an OR by identifying the type of 
particulate debris captured by air inlet �ltration 
cartridge of the Illuvia 500UV system. Signi�cant parti-
cle burden was evident after each orthopedic proce-
dure. Various types and morphologies of captured 
particles suggest that they originated from multiple 
sources. Suspected cell-derived fragments were 
evident. It is well established that humans naturally 
shed skin scales/particles carrying microorganisms 
contributing to airborne bioburden and that on aver-
age 30% of airborne particles can be laden with bacte-
ria1, 4, 14-17.

The results of this report provide evidence of the e�ca-
cy of the Illuvia 500UV unit in removing signi�cant 
numbers of airborne particles during each of two ortho-
pedic surgical cases, thereby improving OR air quality. 
The �ndings further validate the requirement for air 
inlet cartridge exchange after each surgical procedure 
or daily use.

Figure 4. Scanning electron microscopy images of Illuvia 500UV  Perfor-
mance Cartridge after continuous air recirculation during a single 
arthroplasty procedure. Representative images of deposited planar, 
granular and possible cellular debris at various magni�cations: A) 100X – 
scale bar 1mm; B) 200X – scale bar 500 μm; C) 500X – scale bar 200 μm; (D- F) 
Representative images showing contaminated �lter �bers, scale bar 500 μm.
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