
Hospital Acquired Infections (HAIs) constitute a major health threat impacting millions of people globally, and 

increase patient morbidity and mortality with an economic impact of up to $45 billion in the US alone. Gram negative 

bacteria are of particular concern, are responsible for more than 30% of all HAIs and are becoming increasingly multi-

drug resistant. These universal health concerns surrounding HAIs have driven organizations such as ASHRAE to 

investigate reservoirs of pathogenic microorganisms and the role of the HVAC in the amplification and transmission of 

HAIs. (ASHRAE HVAC Design Manual for Hospitals and Clinics). 

The objective of this study was to evaluate the role of HVAC systems serving hospital critical patient care areas, as 

potential environmental reservoirs for opportunistic Gram negative bacteria attributed to Hospital Acquired Infections.  

This prospective interventional pre and post multi-center trial was conducted in six tertiary care hospitals.  A total of 

thirteen HVAC systems were sampled for microbial loads. The hospitals were located in New York (1), Michigan (1), 

Pennsylvania (2) and Washington, DC (2). was An aim  was to determine if the installation of Ultraviolet Germicidal 

Irradiation (UVGI) systems in the HVAC equipment would reduce HVAC and patient care environment microbial loads 

and lead to reduced incidence of Ventilator Associated Pneumonia (VAP) in critically ill patients.  All thirteen HVAC 

systems demonstrated the presence of gram negative bacteria with 65 of 65 cultures testing positive prior to UVGI 

intervention. Pseudomonas species was isolated in 50.1% and Acinetobacter species in18.5% of samples cultured. The 65 

samples that were cultured 90 days post UVGI intervention demonstrated a 5 log reduction in colony forming units 

(CFU). Additional studies by the New York hospital demonstrated a reduced incidence of VAP in a high risk cohort. The 

Incidence of VAP fell from 74% (n=31) to 39% (n=18) and the number of episodes per patient decreased (control: 1.2 pre 

UVGI intervention to 0.4 post UVGI intervention). (Ryan et al) 

Hospital acquired infections (HAIs) constitute a major health threat affecting millions of people globally 

and are the direct cause of morbidity and mortality in large numbers of patients.  According to U.S. Public Health 
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and CDC publications, these infections increase the Length of Stay (LOS), culminating in the U.S. with 1.7 million 

infections and 99,000 deaths each year as well as estimated direct medical costs of up to $45 billion.
  
Additionally, 

the World Health Organization has cited a resulting emergence of antibiotic-resistant microorganisms. 

Statistics from the U.S. National Healthcare Safety Network demonstrate that Gram negative bacteria 

account for the most frequent hospital acquired infections, including 71% of urinary tract infections, 65% of 

pneumonia episodes, 34% of surgical site infections, and 24% of bloodstream infections. Infections caused by Gram 

negative bacteria are an even higher percentage of nosocomial infections in Europe.  An international study 

published in JAMA 2009, cites a rising trend of infections caused by Gram negative pathogens.   The JAMA study 

demonstrated Gram negative bacteria present in 62% of microbial isolates, with Pseudomonas aeruginosa as the most 

prevalent.  Pseudomonas aeruginosa is the leading cause of hospital acquired pneumonia (nosocomial pneumonia) 

and Ventilator Associated Pneumonia (VAP).  Multiple studies (Koenig, SM, Truwit, JD, 2006) have demonstrated 

increased duration of hospital stay, morbidity and mortality rates of up to 62% and the highest mortality in 

patients associated with Gram negative Pseudomonas aeruginosa or Acinetobacter species infection.  

Study Settings and Design 

This study design was a prospective interventional pre and post multi-center trial performed at six tertiary 

care hospitals in New York (1), Michigan (1), Pennsylvania (2) and Washington, DC (2).  The intent of this research 

was to determine if the HVAC systems, serving hospital critical patient care areas, were potential environmental 

reservoirs for pathogenic Gram negative bacteria.  A total of thirteen HVAC systems and the patient care areas 

from the six hospitals were cultured for the presence of bacteria.  Additionally, it was intended to determine if the 

installation of UVGI systems in the HVAC equipment would reduce the HVAC and patient care environment 

microbial loads.  

Sample points cultured included the HVAC system’s cooling coils, condensate drain pans, air supply and 

return diffusers within patient care areas. Baseline cultures were taken just prior to intervention of the UVGI and 

ninety days post UVGI installation. During the period of intervention the UVGI ran 24 hours a day. The New 

York hospital conducted additional analysis to determine if the UVGI intervention would reduce the incidence of 

Ventilator Associated Pneumonia (VAP) in a level three plus Neonatal Intensive Care Unit (NICU). NICU 

Physicians and Infectious Disease personnel studied the impact of UVGI on the rates of VAP in a patient 

subpopulation consisting of patients less than 30 weeks gestational age and on ventilator support 14 days or longer. 

(Ryan et al, 2011) 

HVAC and patient care environment samples were collected using methods standardized for inanimate 

surface (AIHA: AIHA Field Guide. 1996) and were analyzed by an independent laboratory (Pure Earth 

Environmental Laboratory, Inc, Pennsauken, NJ).  Each sample collected was one square inch (2.54 x 2.54 cm) 

from the air effluent side of condensate cooling coils and drain pans of the HVAC systems. Additional samples 

were collected from the air supply and air return diffusers of patient care environment surfaces. Surface wipe 
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samples were obtained using a BBL culturette (Becton Dickinson, Franklin Lakes, NJ) with a sterile rayon-tipped 

swab that was moistened with a modified Stuart’s transport medium before sampling one square inch of surface 

area.  The completed swab specimen was placed back into its original container, sealed, placed immediately into a 

clean cooler, and shipped via next day air to the laboratory for identification and quantification of fungi and 

bacteria to the species level.  Upon arrival at the laboratory, each surface wipe was immersed in a sterile test tube 

containing 10 ml /0.338 oz of sterile distilled water.  The test tube sample was kept at room temperature for 10 

minutes and then placed in a rotary shaker (3.81 throw, 220 rpm) for one minute.  The resulting suspension or 

dilution was then inoculated (0.1 ml/.0038 oz aliquots) on a 2% malt extract agar (MEA for fungal growth) and a 

trypticase soy agar (TSA for bacteria growth).  The results provided estimates of the total number of viable 

propagules per ml of suspension.  The samples were immediately incubated at 34.5°C/94.1°F to 35.5°C/95.9°F. 

The UVGI systems selected for this study consisted of multiple horizontal rows of UVGI lamps located 12 to 18 

inches (304.8 to 457.2 mm) from the air effluent side of the condensate cooling coils and spaced 18 to 24 inches 

(457.2 to 609.6mm) apart as shown in Figure 1 and Figure 2.   The spacing of rows and distance from coils was 

dependent upon

the size and configuration of each HVAC cooling coil. The 

UVGI devices selected were configured with high output 

medium pressure UVGI lamps (Steril-Aire, Inc. of Burbank, 

CA). It was understood the selected high output devices would 

lose up to 40% of output after 9,000 hours of operation. UVGI 

intensities were calculated to deliver an adequate UVGI dose to 

prevent the establishment and growth of a biofilm on HVAC 

coils and drain pans for a period of one year. The reproductive 

characteristics of microorganisms are well understood; bacteria 

will double every twenty to thirty minutes and fungi will 

reproduce every three to four hours. Accordingly, it was 

determined to identify a specific bacterium and fungus for purposes of UVGI system design standardization. 

Pseudomonas aeruginosa and Aspregillus niger were the microorganisms selected for this purpose.  Pseudomonas 

aeruginosa is an opportunistic gram negative bacterium most attributed to VAP in critically ill patients (Vincent JL, 

et al 2009). Aspergillus niger is a spore forming fungus requiring the highest dosage of UVGI energy for inactivation 

and is problematic to immunocompromised patients.   

 Each UVGI array was designed to deliver an initial minimum intensity of not less than 1235 µW/cm² and 

741 µW/cm² after 9,000 hours of continuous operation at any point across the irradiated surfaces of the coil. (Note: 

cm
2
 = 0.155 inch

2
) These intensities allowed for a minimum coil surface inactivation efficiency of 99.9% on 

Pseudomonas aeruginosa in fewer than thirty seconds and 99.9% on Aspergillus niger in fewer than ten minutes for 

the entire 9,000 hours of operation. To achieve a 99.9% inactivation rate on Pseudomonas aeruginosa and Aspergillus 

Figure 1. UVGI System Design 
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niger requires UVGI dose of 16,486 µW -seconds/cm² and 406,339 µW -seconds/cm² respectively (Kowalski WJ, 

Bahnfleth WP, 2000). These published data would indicate that an initial 99.9% coil surface inactivation rate, of 

Pseudomonas aeruginosa, would be achieved in less than 14 seconds of exposure time (16,486 µW-seconds/cm² ÷ 

1235 µW/cm² = 13.3 seconds) and less than 23 seconds (16,486 µW-seconds/cm² ÷ 741 µW/cm² =22.3 seconds) 

after 9,000 hours of continuous operation. Similarly an initial 99.9% inactivation Aspergillus niger could be achieved 

in less than 6 minutes (406,339 µW-seconds/cm² ÷ 1235 µW/cm² = 329 seconds or 5.5 minutes) and less than 10 

minutes (406,339 µW-seconds/cm² ÷ 741 µW/cm² = 548 seconds or 9.1 minutes) after 9,000 hours of continuous 

operation.  These inactivation rates eliminated the existing biofilm and prohibited its’ re-growth within the HVAC 

system.  This in turn improves HVAC hygiene and eliminates the HVAC as a viable reservoir for Gram negative 

bacteria and other opportunistic microorganisms.   

 

 

 

 

 

 

 

Figure 2.  Typical UVGI System Location 

Microbial samples were collected from 13 HVAC systems and room air diffusers from 6 tertiary care 

hospitals.  The HVAC microbial samples were collected from the air effluent side of the condensate cooling coils 

and drain pans. The air diffuser microbial samples were collected from the patient care units being supplied air 

from the sampled HVAC systems. Baseline, Pre UVGI intervention, samples collected from the 13 HVAC systems 

was 3 three to 7 days prior to UVGI installation.  Post UVGI intervention samples were collected ninety days post 

UVGI installation.  The UVGI systems ran continuously for the entire duration of the 90 day post UVGI 

intervention period.  

The data collected demonstrated the presence of Gram negative and positive bacteria on 65 of the 65 

samples cultured from HVAC coils and drain pans as shown in Table 1.  

Table 1.  Top 9 Bacteria Percentiles Isolated From Study HVAC System Cooling Coils and Drain Pans 

Bacteria - 65 Samples Collected 

from 13 HVAC Systems 

Gram 

Negative 

Gram 

Positive 

# of Samples 

Testing Positive 

% of Samples  

Testing Positive 

Pseudomonas sp. x  33 50.1 

Bacillus sp.  x 12 18.5 
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Acinetobacter sp. x  11 16.9 

Staphylococcus sp.  x 4 6.1 

Corynebacterium  x 4 6.1 

Enterobacter sp. x  4 6.1 

Klebsiella sp. x  2 3.1 

Serratia x  2 3.1 

Stenotrophomonas sp. x  2 3.1 

 

Air supply and return diffusers demonstrated the presence of Gram negative and positive bacteria in 13 of 

the 13 samples collected as shown in Table 2. Six of the top nine bacteria isolated from the HVAC systems and 

patient care unit air diffusers were classified as Gram negative and three as Gram positive as shown in Table 1 and 

Table 2. The number one bacterium isolated from the HVAC systems and patient unit air diffusers was 

Pseudomonas as shown in Table 1 and Table 2.  

Table 2.  Top 9 Bacteria Percentiles Isolated From Study HVAC System Patient Care Air Diffusers 

Bacteria - 13 Samples from 13 

Air Return & Supply 

Diffusers 

Gram 

Negative 

Gram 

Positive 

# of Samples 

Testing Positive 

% of Samples  

Testing Positive 

Pseudomonas sp. x  4 30.8 

Acinetobacter sp. x  3 23.1 

Bacillus sp.  x 3 23.1 

Staphylococcus sp.  x 2 15.4 

Corynebacterium  x 2 15.4 

Enterobacter sp. x  2 15.4 

Klebsiella sp. x  2 15.4 

Serratia x  2 15.4 

Stenotrophomonas sp. x  1 7.7 

 

Baseline concentrations of bacteria for HVAC systems and air diffusers were impressive.  The mean 

HVAC bacteria concentration was reported at >1,700,000 Colony Forming Units (CFU)/cm² of coil and drain 

pan surface area; the air diffusers demonstrated bacteria concentration >1,000,000 CFU/cm² as shown in Table 3.  

The post UVGI intervention demonstrated a 5-log reduction (10
-5
) of bacteria in the HVAC systems and on 

surfaces of the patient care unit air diffusers as shown in Table 3. 

Table 3.  Pre and Post UVGI Installation Bacteria Reported HVAC and Air Diffusers 

Sample Locations  Pre UVGI Installation 90 Day Post UVGI Installation 

 Bacteria CFU/cm² Mean (SD) Bacteria CFU/ cm² Mean (SD) 

HVAC cooling coils, condensate drain 

pans & final filters 

1,736,396 

(1,348,668) 

33.3 

(115.5) 

Patient care area supply and return 

diffusers 

1,092,779 

(1,313,629) 

28.5 

(40.3) 

This table reports the mean (standard deviations) of the concentration of bacteria isolated from the HVAC systems and 

patient care area air diffusers pre and post UVGI installation. Note: 1 cm
2
 = 0.155 inch

2
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The NY Hospital’s Neonatal Intensive Care Unit (NICU) reported a greater than 50% reduction in VAP 

in a high risk patient population from pre UVGI to post UVGI installation (Ryan RA, et al 2011). Ryan reported a 

pre UVGI intervention incidence of VAP in the high risk patient population of approximately 74%. It was also 

reported that VAP was 88% polymicrobial with pathogen species similar to those isolated in the HVAC, on NICU 

surfaces and patient tracheal aspirates. Ryan reported the number of post UVGI intervention VAP episodes in the 

high risk sub set of patients was decreased to 55% after the first 6 months and to 44% after 18 months as shown in 

Table 4. Throughout the duration of the study average ventilator days, gestational age of patients, clinical practices, 

infection control protocols and housekeeping practices were unchanged as shown in Table 4.  

Table 4.  Demographic Profile of NICU and High-risk Cohort and VAP Results (Ryan RM, et al) 

 Pre UVGI Post UVGI 

All NICU patients 1/01-6/01 1/02-6/02 7/02-12/02 1/03-6/03 

Admissions, n 310 345 368 316 

Average daily census, n 42.4 46.4 46.6 39 

% Inborn 66 59 69 60 

% patient tracheal MLI ≤1 14 30 39 44 

No. of babies admitted <30 weeks 54 57 73 51 

No. of babies <30 weeks & ventilated for ≥14 days 31 (57) 25 (44) 24 (33) 18 (35)
b
 

(% of all babies <30 weeks) High-risk cohort 

(mean(s.d.))
a
 

    

Gestational age, weeks 26.4 (1.9) 25.7 (1.5) 26.2 (1.6) 26.0 (1.6) 

Birth weight, (g) 901 (173) 816 (140) 853 (105) 845 (188) 

Total parental nutrition/central-line days 37 (12) 41 (9) 45 (13) 51 (17) 

Length of stay, days 98 (57) 92 (26) 89 (24) 105 (40) 

Ventilator days 50 (33) 44 (23) 44 (27) 48 (28) 

No. of VAP episodes per high-risk patient 1.2 0.7 0.8 0.4
a
 

% with at least one VAP 74 56 54 39 

No. of VAP episodes per high-risk patients with any 

VAP 

1.7 1.3 1.5 1.1
b
 

No. of antibiotics per high-risk patient 2.6 (2.7) 1.7 (1.7) 1.9 (2.4) 1.0 (1.5)
b
 

Antibiotic days 20.9 (24.2) 17.3 (20.8) 18.8 (25.3) 9.5 (14.7) 

Abbreviations: UVGI, ultraviolet germicidal irradiation: MLI, microbial load index: NICU, neonatal intensive care 

unit: s.d., standard deviation: VAP, ventilator associated pneumonia: g, grams. 
a
 n = 2,0,3 and 1 in each time period met 

exclusions criteria (congenital heart disease, complex congenital anomalies, other NICU stays, ventilator days >200 or 

died or were transferred while on ventilator support): 
b
 p <0.01 compared with pre UVGI. 

Airborne transmission is a known route of infection for airborne diseases such aspergillosis, Legionnaire’s, 

tuberculosis, smallpox, influenza, varicella and measles (Beggs, CB 2003). Multiple studies have also implicated 

airborne transmission of bacteria (Jones AM et al 2003; Kumari DN et al. 1998), fungi (Prazmo Z et al 2003; Morey 

1988) and viruses (Sawyer LA et al 1988; Tellier R 2006).  The HVAC system has been documented to be a viable 

reservoir and amplifier of pathogenic bacteria and fungi and these pathogens can be transmitted by the way of the 

HVAC system.
   

HVAC environmental contamination has also been recognized by The Environmental Protection 
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Agency
 
(EPA) and the

 
American Society of Heating, Refrigeration, and Air-Conditioning Engineers

 
(ASHRAE).  

Studies performed by Hugenholtz and Fuerst demonstrate that even HVAC systems that appeared clean, contained 

surface bio-loads from 10
5
 to 10

7 
CFU/cm

2.
 and condensate cooling water from 10

5
 to 10

6
 CFU/ml.    

UVGI has been proven for its microbiological lethality and is recognized as an intervention that reduces 

dissemination of airborne infections (Riley RL, Nardell EA, 1989).  This study focused on the use of UVGI applied 

to the air effluent side of the HVAC cooling coils in six tertiary care Hospitals.  We sought to evaluate how UVGI 

systems, when applied to the HVAC system coil components, would decrease pathogens in the HVAC.  

Additionally we hypothesized that pathogens in the air and surface of critical care settings would be decreased with 

an ultimate reduction in nosocomial pneumonia in tertiary care settings. 

This study demonstrates hospital HVAC systems become significant reservoirs for Gram negative bacteria 

and other opportunistic microorganisms known to be associated with serious Hospital Acquired Infections (HAIs).  

The study further demonstrates hospital HVAC systems play a role in disseminating these microorganisms to 

critical patient care areas as shown in Table 1 and Table 2. The Centers for Disease Control and Prevention 

(CDC) recommends High Efficiency Particle Air (HEPA) filters be applied downstream in hospital HVAC systems 

as a means to prevent the spread of airborne microorganisms. (Sehulster LM et al. 2004) However, all filter types 

eventually become contaminated and are prone to leakage, releasing significant quantities of pathogens into the 

indoor environment.(Brickner PW et al. 2003, Woods GL et al. 1988) 

Improved HVAC hygiene with UVGI systems designed with a predetermined level of UVGI intensities 

within the energy field can prevent the HVAC from becoming a reservoir for opportunistic microorganisms. This 

study further demonstrates that improved HVAC hygiene will lead to improved environmental hygiene as shown 

in Table 3.  

Research conducted by Ryan, et al demonstrated improved HVAC and environmental hygiene, with the 

application of UVGI in the HVAC, led to a lower incidence of HAI’s and decreased patient morbidity and 

mortality. (Ryan RM et al. 2011)  

This study demonstrated the UVGI systems with a designed predetermined UVGI dose efficiency led to 

improved HVAC and patient environment hygiene.  The improved environment hygiene, in turn, led to improved 

clinical outcomes with reduced patient morbidity and mortality. Understanding that the HVAC is a significant 

reservoir and disseminator of Gram negative bacteria and other opportunistic microorganisms is critical for 

Healthcare Facility Professionals. Awareness of this common HVAC issue will help hospitals plan for, and 

improve the accreditation process with The Joint Commission. UVGI systems installed within HVAC systems 

serving critical patient care units plays a role in Healthcare facility Plans for Improvement (POC). This will further 

improve the quality of healthcare by creating a safer hospital environment for patients, staff and visitors. (HVAC 

Design Manual for Hospitals and Clinics, ASHRAE 2013). 

Additional evaluation and studies are needed by organizations such as ASHRAE to establish the required 

intensities for UVGI energy fields, within the UVGI system, to properly maintain HVAC and patient care 

environment hygiene. This will allow Design Engineer Professionals to correctly apply UVGI in Healthcare 

applications and transform the HVAC system into an infection prevention tool.  Finally, large multi-center 
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randomized trials are needed to further characterize the effects of UVGI on the full spectrum of adult, pediatric and 

neonatal hospital populations. 

 

We acknowledge Rita M. Ryan, MD for granting the use of data from the study conducted at the Women 

and Children’s Hospital of Buffalo, NY. Dr. Ryan is currently the Chair of the Department of Pediatrics at the 

Medical University of South Carolina, Charleston, SC. Table 4 of this study has been published in the peer-

reviewed publication, Journal of Perinatology, Nature America, Inc. (2011). 

ASHRAE. 2013. HVAC Design Manual for Hospitals and Clinics, 2nd ed. Atlanta: American Society of Heating 

Refrigeration and Air Conditioning Engineers, Inc. 

ASHRAE. 2005. ASHRAE Handbook-Fundamentals. American Society of Heating Refrigeration and Air 

Conditioning Engineers, Inc. 

ASHRAE.  2009. ASHRAE ASoH, Refrigerating and Air-Conditioning Engineers. ASHRAE Position Document 

on Airborne Infectious Diseases.  Airborne Infectious Diseases Position Document Committee. 

Beggs, C. B. 2003. The Airborne Transmission of Infection in Hospital Buildings: Fact or Fiction? Indoor and Built 

Environment. 

Brickner PW, Vincent RL, First M, Nardell E, Murray M, Kaufman W.  2003. The application of ultraviolet 

germicidal irradiation to control transmission of airborne disease: bioterrorism countermeasure. Public Health 

Rep, 118: 99-114. 

CDC. 1994. Guidelines for Preventing the Transmission of Mycobacterium Tuberculosis in Health-Care Facilities. 

Centers for Disease Control and Prevention. 

CDC. 1999. Guidelines for the Application of Upper-Room Ultraviolet Germicidal Irradiation for Preventing 

Transmission of Airborne Contagion—Part II: Design. Centers for Disease Control and Prevention. 

Chastre J, Fagon JY. 2002. Ventilator-associated pneumonia. Am J Respir Crit Care Med, 165:867-903. 

EPA. 1991. EPA, Indoor Air Facts No. 4, Sick Building Syndrome. 

Goldner JL, Moggio M, Beissinger SF, McCollum DE. 1980. Ultraviolet light for the control of airborne bacteria in 

the operating room. Ann N Y Acad Sci, 353: 271-284. 

Gundermann KO. 1980. Spread of microorganisms by air-conditioning systems-especially in hospitals. Ann N Y 

Acad Sci 1, 353: 209-217. 

Hugenholtz P, Fuerst JA. 1992. Heterotrophic bacteria in an air-handling system. Appl Environ Microbiol, 58: 3914-

3920. 

Jones AM, Govan JR, Doherty CJ, Dodd ME, Isalska BJ, Stanbridge TN, et al. 2003. Identification of airborne 

dissemination of epidemic multiresistant strains of Pseudomonas aeruginosa at a CF centre during a cross 

infection outbreak. Thorax, 58: 525-527. 

Klevens RM, Edwards JR, Richards CL, Jr., et al. March-Apr 2007. Estimating health care‐associated infections and 

deaths in U.S. hospitals. 2002. Public Health Rep;122(2):160‐166. Available at 

http://www.cdc.gov/hai/burden.html. 

Koenig SW, Truwig, JD. 2006. Ventilator-Associated Pneumonia: Diagnosis, Treatment, and Prevention; Clin 

Microbiol Rev., 19(4): 637–657. 

8

http://www.cdc.gov/hai/burden.html


Kowalski WJ, Bahnfleth WP.2000.  Effective UVGI system design through improved modeling. ASHRAE 

Transactions 2000;106 (2):4-13. 

Kowalski WJ, Bahnfleth WP. 2000. Design basics for air and surface disinfection. HPAC Engineering, v72n1, pp 

100-110. 

Kumari DN, Haji TC, Keer V, Hawkey PM, Duncanson V, Flower E. 1998. Ventilation grilles as a potential 

source of methicillin-resistant Staphylococcus aureus causing an outbreak in an orthopaedic ward at a district 

general hospital. J Hosp Infect, 39: 127-133. 

Prazmo Z, Dutkiewicz J, Skorska C, Sitkowska J, Cholewa G. 2003. Exposure to airborne Gram-negative bacteria, 

dust and endotoxin in paper factories. Ann Agric Environ Med, 10: 93-100. 

Riley, RL, Nardell EA. Clearing the air.  1989. The theory and application of ultraviolet air disinfection. Am Rev 

Respir Dis, 139: 1286-1294. 

Rotstein C., Evans G, Born A, Grossman R, Light RB, Magder, S, McTaggart, B, Weiss K, Zhanel G. 2008. Clinical 

practice guidelines for hospital-acquired pneumonia and ventilator-associated pneumonia in adults. 

Ryan RM, Wilding GE, Wynn RJ, et al. 2011.  Effect of enhanced ultraviolet germicidal irradiation in the heating 

ventilation and air conditioning system on ventilator-associated pneumonia in a neonatal intensive care unit. 

Journal of Perinatology, 1-8. 

Sagripanti JL, Lytle CD. 2007. Inactivation of influenza virus by solar radiation. Photochemistry & Photobiology, 83: 

1278-1282. 

Sawyer LA, Murphy JJ, Kaplan JE, Pinsky PF, Chacon D, Walmsley S, et al. 1988. 25- to 30-nm virus particle 

associated with a hospital outbreak of acute gastroenteritis with evidence for airborne transmission. Am J 

Epidemiol, 127: 1261-1271. 

Scott RD. 2009. The direct medical costs of healthcare-associated infections in US hospitals and the benefits of 

prevention. In: Division of Healthcare Quality Promotion National Center for Preparedness D, and Control 

and Prevention. 

Sehulster LM CR, Arduino MJ, Carpenter J, Donlan R, Ashford D, Besser R, Fields B, McNeil MM, Whitney C, 

Wong S, Juranek D, Cleveland J. 2004. Guidelines for environmental infection control in health-care facilities.  

Recommendations from CDC and the Healthcare Infection Control Practices Advisory Committee 

(HICPAC).  American Society for Healthcare Engineering/ American Hospital Association. Chicago IL. 

Tellier R. 2006. Review of aerosol transmission of influenza A virus. Emerg Infect Dis, 12: 1657-1662. 

Vincent JL, Rello J, Marshall J, et al. 2009. International study of prevalence and outcomes of infection in intensive 

care units. JAMA, 302:2323-2329. 

World Health Organization. 2007. Avian Influenza, including Influenza A (H5N1), in humans: WHO interim 

infection control guideline for healthcare facilities.  http://wwwwprowhoint/NR/rdonlyres/EA6D9DF3-688D-

4316-91DF-5553E7B1DBCD/0/InfectionControlA1inhumansWHOInterimGuidelinesfor2pdf: World Health 

Organization. 

Woods GL, Davis JC, Vaughan WP. 1988. Failure of the sterile air-flow component of a protected environment 

detected by demonstration of Chaetomium species colonization of four consecutive immunosuppressed 

occupants. Infect Control Hosp Epidemiol , 9: 451-456. 

. 

 

9

http://wwwwprowhoint/NR/rdonlyres/EA6D9DF3-688D-4316-91DF-5553E7B1DBCD/0/InfectionControlA1inhumansWHOInterimGuidelinesfor2pdf:
http://wwwwprowhoint/NR/rdonlyres/EA6D9DF3-688D-4316-91DF-5553E7B1DBCD/0/InfectionControlA1inhumansWHOInterimGuidelinesfor2pdf:



