Chapter 17

Health Care
Facilities

17.1 Introduction

This chapter addresses applications of ultraviolet germicidal irradiation (UVGI) in
health care facilities, including laboratories and animal or veterinary facilities. This
chapter does not review the applicable guidelines or standards for air quality in these
facilities, which typically do not mention UVGI, but the references and Chapter 11
may be consulted for more detailed information. The types of UV systems covered
in this chapter have been addressed in detail in previous chapters and these designs
are not revisited here. Instead, this chapter discusses the various applications of UV
to the indicated facilities, how they have been applied in the past, what effective-
ness they have previously demonstrated, and how new UV systems may be applied
to reduce the microbiological hazards associated with each type of facility. Also
addressed here are the types of pathogens that are unique to certain facilities and, in
particular, nosocomial pathogens and the problem of increasing drug resistance.

The use of ultraviolet germicidal irradiation in hospitals to control hospital
acquired, or nosocomial, infections represents some of the earliest and most impor-
tant applications of this technology. UVGI has been used for the disinfection of
medical equipment, entire rooms, ventilation air, and surgical sites for well over
half a century, often with definitive results. New applications are being developed
even today and although UVGI is not a total solution to the problem of disease
transmission in health care facilities, it can be an effective and economic compo-
nent of any program designed to reduce hospital-acquired infections. This chapter
discusses the various ways in which UVGI systems can be applied in hospitals and
related health care facilities, including dental offices, laboratories, and veterinary
facilities. Limited mention is made in most health care literature of UVGI, although
some recent guidelines have acknowledged its potential effectiveness (CDC 2003,
ASHRAE 2008). Chapter 11 can be consulted for more detailed information on the
various standards and guidelines that address the use of UVGI in health care facil-
ities. For a complete review of codes and standards for hospital ventilation and air
quality see, for example, Kowalski (2006) or ASHRAE (2003).

W. Kowalski, Ultraviolet Germicidal Irradiation Handbook, 399
DOI 10.1007/978-3-642-01999-9_17, © Springer-Verlag Berlin Heidelberg 2009
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17.2 Nosocomial Infections

Hospital acquired, or nosocomial, infections include any type of microbiological
infections acquired in hospital environments, and since some of these have
spread to communities, this category may be considered to include community-
acquired infections also. Airborne and surface borne microbiological hazards
in health care facilities can cause infections in both patients and health care
workers. Nosocomial infections have proven to be a persistent problem in hos-
pitals and some drug-resistant infections have transitioned from being hospital-
acquired to community-acquired, including Methicillin-resistant Staphylococcus
aureus (MRSA). Nosocomial infections can have complex, multifaceted etiologies
that involve one or more routes of transmission and so the solution may involve more
than one type of disinfection system (i.e. air disinfection, surface disinfection, water
disinfection, equipment disinfection, personnel decontamination, etc.), procedural
methods, and formal standards for air quality (Kowalski 2008a).

Drug resistance among nosocomial microbes is a growing problem. Bacteria that
cause respiratory infections have developed increased drug resistance over the past
ten years. Drug resistance is defined in terms of an ICsy value, or the concen-
tration that causes 50% growth inhibition, and resistance is defined as a ten-fold
increase in the ICsg value (Andrei et al. 2004, Andersson et al. 2004). The num-
ber of microbes that have demonstrated increased drug resistance in recent years
is extensive and growing (Kowalski 2007b). The drug resistance of Streptococ-
cal infections, which can cause Scarlet Fever, has increased from 0.8% to 28%
in the past decade. MRSA has shown up repeatedly outside hospital settings and
has become a contamination problem in athletic environments. Multidrug-resistant
tuberculosis (XTB) has caused a resurgence in TB infections worldwide, and close
to a million people die each year from this disease. Strains of multiple drug resis-
tant (MDR) Haemophilus influenzae are being increasingly reported from around
the world (Jain and Agarwal 1996). Multidrug resistant strains of Acinetobacter
baumannii, Pseudomonas aeruginosa, and Klebsiella pneumoniae, have been rec-
ognized among casualties returning from battlefields (Davis et al. 2005). Various
fungi can also cause nosocomial infections and unlike viruses and bacteria, most
fungi hail from outdoors but can grow indoors (Kowalski and Bahnfleth 1998).

Evidence has been mounting over the years that the airborne transmission route
plays a significant role in nosocomial infections (Fletcher et al. 2004). It has been
estimated that the airborne transmission route may be responsible for as much as
10-20% of all endemic nosocomial infections (Brachman 1970). Airborne concen-
trations of bacteria in the OR bear a direct relationship to surgical site infections or
sepsis. Figure 17.1 plots the rate of joint sepsis versus the airborne bacterial count in
operating rooms from six hospitals. The data has been fit to a logarithmic equation
as shown.

Mycobacterium tuberculosis, long known for its airborne transmission potential,
is now a multi-drug resistant airborne pathogen that can cause outbreaks in hospitals
(Breathnach et al. 1998). Evidence exists for airborne nosocomial transmission of
Acinetobacter, Pseudomonas, and MRSA (Allen and Green 1987, Farrington et al.
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Fig. 17.1 The relationship between airborne bacteria and the incidence of joint sepsis. Adapted
from Lidwell et al. (1983)

1990, Grieble et al. 1970). Table 17.1 summarizes the various nosocomial microbes
that have airborne potential. Most nosocomial infections have been identified as
having at least some potential for airborne transmission although most of them
are primarily spread by other routes, such as direct contact. These microbes are
ranked by estimated order of occurrence and are classified as Contagious, Noncon-
tagious, and Endogenous (present as part of normal human flora). The last column
in this table indicates whether or not the microbe has demonstrated any evolving
drug resistance. It is clear from this tabulation that drug resistance is a growing and
widespread problem and that all three microbial categories, viruses, bacteria, and
fungi, have been developing such resistance. As drugs for treating these nosocomial
infections become less effective and less available, increasing reliance on engineer-
ing methods such as UVGI may be one of the few remaining means of effectively
dealing with the problem.

17.3 Operating Rooms and ICUs

Operating rooms (ORs), surgery suites, procedure rooms, treatment rooms, intensive
care units (ICUs), and related facilities generally have very high levels of surface and
air cleanliness, but these facilities are still far from being sterile. Many managers
assume that if the design requirements for ventilation are met then the air is sterile,
but this is rarely, if ever, the case. Levels of airborne contaminants in ORs are often
lower than in the general wards, but not significantly so. For hospital air, WHO
recommends the limits of 100 cfu/m® for bacteria and 50 cfu/m? for fungi (WHO
1988). There are currently no standards for OR aerobiology in the USA, but the



402

17 Health Care Facilities

Table 17.1 Potentially airborne nosocomial microbes

Annual
cases Primary Increasing

Pathogen Group Type (USA) infections resistance

Corynebacterium  Bacteria ~ Contagious 10 diphtheria Yes
diphtheriae

Acinetobacter Bacteria ~ Endogenous 147 SSI, meningitis Yes

Serratia Bacteria ~ Endogenous 479 SSI, pneumonia, Yes
marcescens bacteremia

Aspergillus Fungi Noncontagious 666 Aspergillosis Yes

Histoplasma Fungi Noncontagious 1,000 Histoplasmosis Yes
capsulatum

Haemophilus Bacteria ~ Contagious 1,162 SSI, pneumonia, Yes
influenzae meningitis

Legionella Bacteria ~ Noncontagious 1,163 pneumonia ?
pneumophila

Klebsiella Bacteria ~ Endogenous 1,488 SSI, pneumonia Yes
pneumoniae

Pseudomonas Bacteria ~ Noncontagious 2,626 SSI, pneumonia Yes
aeruginosa

Staphylococcus Bacteria ~ Endogenous 2,750 SSI, pneumonia Yes
aureus

Rubella virus Virus Contagious 3,000 rubella ?

Bordetella Bacteria  Contagious 6,564 Whooping cough  Yes
pertussis

Mycobacterium Bacteria  Contagious 20,000 TB Yes
tuberculosis

Parainfluenza Virus Contagious 28,900 flu, pneumonia ?
virus

Varicella-zoster Virus Contagious 46,016 VZV Yes
virus

Respiratory Virus Contagious 75,000 RSV No
Syncytial Virus

Streptococcus Bacteria ~ Contagious 213,962 Scarlet fever, SSI ~ Yes
pyogenes

Streptococcus Bacteria ~ Contagious 500,000 pneumonia, Yes
pneumoniae meningitis

Measles virus Virus Contagious 500,000 measles No

Influenza A virus  Virus Contagious 2,000,000  flu Yes

SARS virus Virus Contagious 10 SARS ?

(China)

Cryptococcus Fungi Noncontagious  high cryptococcosis Yes
neoformans

Alcaligenes Bacteria ~ Endogenous rare SSI Yes

Bacteroides Bacteria ~ Endogenous rare bacteremia, SSI Yes
fragilis

Blastomyces Fungi Noncontagious — rare Blastomycosis ?

dermatitidis
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Table 17.1 (continued)

Annual
cases Primary Increasing

Pathogen Group Type (USA) infections resistance

Burkholderia Bacteria ~ Noncontagious rare melioidosis Yes
pseudomallei

Cardiobacterium ~ Bacteria ~ Endogenous rare endocarditis Yes

Chlamydia Bacteria ~ Contagious rare pneumonia No
pneumoniae

Coccidioides Fungi Noncontagious — rare coccidioido- ?
immitis mycosis

Haemophilus Bacteria ~ Endogenous rare pneumonia, Yes
parainfluenzae meningitis

Moraxella Bacteria ~ Endogenous rare otitis media Yes

Mucor plumbeus ~ Fungi Noncontagious  rare mucormycosis No

Nocardia Bacteria ~ Noncontagious rare nocardiosis Yes
asteroides

Nocardia Bacteria  Noncontagious rare nocardiosis Yes
brasiliensis

Pneumocystis Fungi Noncontagious rare pneumocystosis Yes
carinii

Rhizopus Fungi Noncontagious  rare Zygomycosis No
stolonifer

Note: SSI = Surgical Site Infections

current standard used in China is 200 cfu/m>, while the EU has suggested a limit
of 10 cfu/m3, based on the ISO Class 7 cleanroom limit (EU Grade B) used in the
pharmaceutical industry and as a target for ultra clean ventilation (UCV) systems
(Durmaz et al. 2005, Kowalski 2007a). It is doubtful any ORs could achieve a limit
of 10 cfu/m® unless the OR was unoccupied, but it is a target worth striving for.

Figure 17.2 is a figurative diagram showing the various sources of microbiolog-
ical contamination in an operating room. If the supply air is assumed to be sterile
(which is not always the case), then the main sources are the occupants, local inter-
nal surfaces, and infiltration. Although ORs are generally under positive pressure
with respect to external areas, this may not always be the case and even if it is, the
opening of doors can allow contaminants to enter.

The concentration of airborne bacteria in any OR is proportional to the num-
ber of personnel in the room (Mangram et al. 1999, Duvlis and Drescher 1980,
Moggio et al. 1979, Kundsin 1976). The amount of surface contamination is also
likely to be related to the level of airborne contamination since microbes aerosolize
and settle continuously during occupation and activity. Air supplied to ORs, espe-
cially through HEPA filters, may be highly disinfected or even sterile, but most of
the airborne bacteria hail from the room occupants, including the patient, and so
increasing the rates of supply air above design guidelines is an approach that brings
diminishing returns, often at high economic cost. Figure 17.3 plots the airborne con-
centrations of bacteria for six operating rooms representing measurements from 13
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Fig. 17.2 Schematic of an OR with three major sources of contamination, the occupants, the
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Fig. 17.3 Relationship between occupancy and airborne bacteria in ORs during surgery. Data
taken by author (Kowalski 2008b)

operations and two empty ORs that had been cleaned and disinfected. A curve-fit of
the data is shown.

Options for dealing with air and surface contamination coming from inside ORs
include Upper and Lower Room UVGI systems, local recirculation units, contin-
uous UV exposure systems, equipment disinfection systems, barrier UV systems,
and Overhead Surgical UVGI systems. Overhead UVGI systems have been in use
in some operating rooms since at least 1936 (Hart and Sanger 1939, Brown et al.
1996). Duke University has successfully used overhead UVGI systems since 1940
to maintain a low level of orthopedic infections (Lowell et al. 1980, Goldner and
Allen 1973). Table 17.2 summarizes the various studies that have been performed
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on operating rooms, including all those equipped with Overhead UV systems, and
these show a net average reduction of 80% (barrier system results not included).
One study showed that UVGI can reduce airborne microbial concentrations to below
10 cfu/m? in the operating room (Berg et al. 1991, Berg-Perier et al. 1992). Moggio
et al. (1979) demonstrated a 49% decrease in airborne bacteria with an Overhead
UV system. Lowell and Kundsin (1980) reports on an Overhead UV system that
produced a 99—100% decrease in aerosolized E. coli, and that resulted in a 54%
decrease in airborne bacteria during procedures.

The Overhead Surgical System implemented by Ritter et al. (2007) consists of
a series of UV lamp fixtures suspended overhead in the OR in recessed lighting
troffers. This system includes 8 UV lamps that produce a net average of about 25
wW/cm? at operating table height. According to Ritter et al. (2007), this system
was able to reduce the surgical site infection rate from 1.77 to 0.5%. The study did
not report airborne concentrations of bacteria in the ORs but it is possible that this
system could reduce airborne levels significantly, even with personnel present. It is
likely that this UV system inhibited both airborne transport and survival of bacteria
on surfaces, including microbes that settle on equipment, on personnel and on floors.
Since the irradiance of the UV in this system exceeds ACGIH limits, personnel
are required to be completely covered, including eye protection, during operating
procedures. Systems can be operated for short periods during surgery, but can also
be operated for longer periods when the operating room is unoccupied to provide
area decontamination between procedures. Figure 17.4 shows a diagram of how
the UV lamp fixtures are located relative to the operating table. In older systems,
UV lamp fixtures were often hung below the ceiling directly above the operating
table.

Lower Room UV systems also have potential value in ORs, since most noso-
comial bacteria will gravitate towards the floor, may settle, and may be stirred up
again by activity. Figure 17.5 shows an example of how a Lower Room UV system
may be applied to an operating or procedure room. Such systems will keep the floor
and lower air (below about 18 in.) virtually sterile and turn the most contaminated
portion of the room, the floor, into the cleanest area. Legwear would be required,
depending on the irradiance produced, but UV levels above 18 in. would be below
ACGIH/NIOSH 8-hour limits and upper body coverings and eyewear would not
necessarily be required.

17.4 Isolation Rooms

Isolation rooms, like ORs, incorporate pressurization control to protect those inside
or outside the room and often include supply air filtration. Isolation room systems
are essentially 100% outside air purge air systems, and their performance charac-
teristics are similar to ORs except that airflow rates and filtration levels may be
different. Isolation rooms can be classified in three basic categories:

e Negative Pressure Isolation Rooms
e Positive Pressure Isolation Rooms
e Dual Purpose Isolation Rooms (Positive or Negative)



17.4 Isolation Rooms

407

Operating Room

=

| —

O

UV Lamp Fixtures

Operating Table

ol | [

[

UV Lamp Fixtures R E

O

Fig. 17.4 Diagram of typical placement of recessed UV lamp fixtures in an operating room. Lamps

are often located in recessed troffers in the ceiling

Operating Room

or Procedure Room

=
pr

Fig. 17.5 Lower Room UV units can be used to disinfect floors and maintain high levels of dis-
infection in ORs without undue exposure hazards to occupants. UV levels above 18 in. would be

below ACGIH TLVs and NIOSH RELs

The modern approach to designing isolation rooms is to include an anteroom that
separates the isolation room from the corridor of the facility, thereby maintaining
pressurization integrity during access (ASHRAE 1999). Air is supplied to the isola-
tion room and typically exhausted from both the isolation room and the anteroom.



408 17 Health Care Facilities

TB rooms are isolation rooms that maintain negative pressure so as to protect those
outside the room. TB rooms often include internal recirculation units situated above
the patient’s bed which draw air across the bed. These recirculation units may
include HEPA filters and UV lamps.

Schneider et al. (1969) applied in-duct UV for the supply air of an isolation
ward and simultaneously irradiated the surrounding corridors, effectively control-
ling pathogens in the wards. UV recirculation units are routinely used in TB isola-
tion rooms. Options for applying UV in isolation rooms are the same as those for
ORs: Upper Room systems, Lower Room systems, Area Disinfection systems, After
Hours systems, UV Barrier systems, and UV recirculation units can all be applied
to improve conditions and reduce the risks to both patients and health care workers.

17.5 General Areas

Various types of UV systems have been applied successfully to hospitals to reduce
infection rates in the General Areas, including In-duct airstream disinfection sys-
tems, Upper and Lower Room systems, and UV Barrier systems (Kowalski 2007a,
Dumyahn and First 1999). Barrier systems in doorways between isolation wards
were found to be effective in preventing the spread of chickenpox (Wells 1938).
Barrier systems were found to reduce cross-infections across patient cubicles (Del
Mundo and McKhann 1941, Sommer and Stokes 1942, Robertson et al. 1943).
Upper room UVGI systems have been used successfully to control disease trans-
mission in hospitals (see Fig. 17.6).

Upper Room systems were used at The New England Deaconess Hospital, The
Infant and Children’s Hospital in Boston, The Cradle in Evanston, and St. Luke’s
Hospital in New York, for the control of respiratory infections, which decreased by
a net average of 50% (Overholt and Betts 1940, Del Mundo and McKhann 1941,
Sauer et al. 1942, Higgons and Hyde 1947). Table 17.3 summarizes the results

Fig. 17.6 Upper Room UV
system (located on wall
below ceiling) in a hospital
ward. Image provided
courtesy of Chuck Dunn,
Lumalier, Memphis, TN
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of field trials of Upper Room systems, and these show a net average reduction
of infections of 70%. The Home for Hebrew Infants in New York successfully
brought a halt to a Varicella epidemic using UVGI (Wells 1955). The Electric Power
Research Institute (EPRI) Community Environmental Center funded the installa-
tion Upper Room fixtures in the VA Medical Center in Memphis in 1993 (EPRI
1996). The Memphis VA hospital found that the UV installations provided cost-
effective protection against airborne pathogens. New York Central Bronx Hospital
installed Upper Room UVGI systems in 1995 to successfully control TB and noso-
comial infections, in a project that was supported by The New York Power Authority
(NYPA), who provide electricity to all the NYC Health and Hospitals Corporation
facilities (EPRI 1997).

Lower Room UV systems have not previously been used in hospitals ( to this
author’s knowledge) but Wheeler et al. (1945) and Miller et al. (1948) used lower
room UV systems to reduce respiratory infections at a Naval barracks, in conjunc-
tion with upper room systems. Since most bacteria and spores tend to settle down-
wards over time (and to get re-aerosolized by foot traffic) it is likely that Lower
Room UV systems could have a major impact on airborne microbial contamination
and should be able to help reduce infection rates.

In-duct air disinfection systems have been used in hospitals but there is no epi-
demiological data available on their effectiveness, although it is likely they would
contribute to overall improvements in air quality of general areas (Luciano 1977).
Another application in which hospitals may find UVGI beneficial is to reduce micro-
bial contamination of cooling coils, an approach which pays energy dividends and
saves costs (Keikavousi 2004). The latter approach can be combined with UV air
disinfection to provide both cost savings and improved air quality. Also available for
use in health care facilities are area decontamination units such as the one shown
in Fig. 17.7, which is designed for rapidly disinfecting areas of MRSA and other
microorganisms.

17.6 Hallways and Storage Areas

Hallways and storage areas surrounding operating rooms and ICUs can be a source
of biocontamination that may be tracked into the ORs and isolation rooms by foot
traffic. Hallways are also often used as storage areas (see Fig. 17.8) and both types of
areas can accumulate microbiological contamination due to the greater surface area,
which can act as both a microbial substrate and as protection (i.e. from sunlight or
desiccation). The greater the total surface area in any given environment, the greater
the potential for accumulated microbial contamination, which may include bacteria,
fungal spores, and viruses.

Storage areas for supplies and equipment are often located adjacent to ORs and
ICUs so that materials may be delivered expediently. Such storage areas can provide
vast amounts of surface area on which microbial contamination may accumulate
over time. Since such areas are only transiently occupied, UV area decontamina-
tion systems may be appropriately applied to provide high levels of cleanliness and
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Fig. 17.7 Portable UV area
disinfection system suitable
for decontaminating entire
hospital rooms. Photo of
Tru-D disinfection unit
provided courtesy of
Lumalier, Memphis, TN

Fig. 17.8 Hospital hallways
and other areas used for
storage provide increased
surface area for the
accumulation of
microbiological
contamination

sterility, and to augment manual cleaning and disinfection procedures. In such areas
it is also feasible to apply Upper Room systems which will not only disinfect the air
but will tend to disinfect the lower room surfaces over time via the stray irradiance.
Although the stray irradiance is below ACGIH/NIOSH limits for human safety, the
accumulated dose to surfaces over time will provide fairly high levels of disinfection
(see Chap. 9).

Bacteria and spores tend to settle downwards over time and accumulate near
the floor, and are re-aerosolized by traffic or tracked into hallways by foot. The
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Fig. 17.9 Hallways surrounding Operating Rooms can be continuously irradiated with Lower
Room UV Systems

placement of Lower Room UV units along the walls in several places will maintain
the hallway floors under sterile conditions. NIOSH RELSs for human exposure would
not be exceeded above a height of about 18 in. if the system is designed appropri-
ately. Lower Room units will produce no hazardous levels of UV above 18-24 in.
and do not require any special protection other than normal leg attire and footwear.
Figure 17.9 shows an example of how Lower Room UV systems may be applied in
hallways surrounding a group of ORs, and which will help protect the ORs against
contamination brought in from foot traffic.

17.7 Dental Offices

Dental offices have needs that are similar to operating suites except that the hazards
are generally considered to be less severe. These hazards include airborne pathogens
settling on open wounds during dental surgery or procedures, settling on equipment
and being transferred to open wounds, and inhalation of microbes from patient to
dentist. Face masks are in common use by dental workers and these are adequate
for the most common threats. Dental workers are at risk for infection with various
airborne pathogens such as Mycobacterium tuberculosis, influenza, and cold viruses
(Araujo and Andreana 2002). The various types of UV systems that may be appro-
priately applied in dental offices are the same as those that are used in other health
care applications: UV recirculation units, Upper and Lower Room systems, equip-
ment disinfection systems, and area disinfection systems.
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17.8 AIDS Clinics

Acquired Immune Deficiency Syndrome (AIDS) patients need heightened levels of
protection against airborne microbes and other sources of contamination by bacte-
ria, viruses, and fungal spores. Ideally, AIDS patients require sterile air, but this is
difficult to achieve even in hospital settings. The use of air filtration combined with
UV can go a long way towards providing a near-sterile environment.

Both ambient environmental microbes and normal commensal human microflora
can present health threats to AIDS patients. A positive pressure isolation room,
as described previously, can protect immunodeficient patients from possible con-
taminants and pathogens that might otherwise enter from the ambient environment
(Linscomb 1994). Design criteria for HIV Rooms are similar to those for TB Rooms
and isolation wards (see Fig. 17.10). Air supplied to, or recirculated in, HIV Rooms
is normally filtered through HEPA filters, and UVGI systems are sometimes used
in combination. The requirements for maintaining air pressure differential are the
same as those for negative pressure rooms — airflow direction must be maintained
from the positive pressure area to the negative pressure area.

Approximately 15% of AIDS patients also suffer from tuberculosis infection,
and this presents a unique design problem (ASHRAE 1999). One possible solution
is to nest a positive pressure (HIV) room within a negative pressure (TB) room or
vice-versa (Gill 1994). Another approach is to modify a house such that the entire
building is under positive pressure while the outdoor air (which is self-sterilizing)
acts as a barrier to protect outsiders. The use of various UVGI systems can greatly
enhance the ability of any building system to reduce airborne and surface microbial
contamination. Recirculation units, Upper Room systems, Lower Room systems,
and area decontamination units can all provide greater levels of protection to AIDS
patients.

Fig. 17.10 Example of an
Upper Room UV system
(located at the ceiling) in a
TB clinic. Photo provided
courtesy of Pablo R. Antonio
Designs and Consultancy,
Inc. Makati City, Philippines




414 17 Health Care Facilities
17.9 Hospital Laboratories

Any laboratories that deal with biological agents face potential inhalation hazards
from handling mishaps and casual exposure (Kowalski 2006). Hospital laboratories
have serious risks from pathogenic microorganisms brought in with infected patients
and sometimes these risks are unknown until analyzed and identified. Therefore it is
essential that the highest levels of air and surface cleanliness be maintained. Biolog-
ical laboratories normally have a variety of systems and protocols to protect work-
ers from such laboratory hazards, including laboratory hoods, air cleaning systems,
pressurization zones, sterilization equipment, biohazard-rated facilities, personnel
protective suits, and strict procedures for handling hazardous agents.

Existing procedures are considered adequate to protect workers and these are
typically applied rigidly and diligently. All of the existing guidelines and standards
offer similar guidance about the design and operation of the ventilation or air clean-
ing systems (for a review of these documents see, for example, Kowalski 2006 or
ASHRAE 2003). Typically these guidelines recommend about 615 air changes per
hour (ACH). The use of filtered 100% outside air is generally specified as an option
and this is the most common approach taken today. Air is typically exhausted to
outside, and certain codes may require HEPA filtration of the exhaust air, although
the necessity for this is open to question. For systems that recirculate air, a mini-
mum of 50% outside air (or maximum 50% return air) is suggested by some of the
guidelines. HEPA filtration is also recommended for recirculated or exhaust air from
biosafety cabinets (ASHRAE 1999).

There are four levels for categorizing containment laboratories, Biosafety Level
1,2, 3, and 4 (DHHS 1993, CDC 2003). The basic characteristics of these laborato-
ries are summarized in Table 17.4. There are no specific requirements for the use of
UVGTI in any biosafety laboratories, but UV systems are often used in them, espe-
cially in biosafety cabinets and for equipment disinfection, and all BSL containment
laboratories may benefit from UV in various applications.

Since the use of 100% outside air systems consumes considerable energy in warm
and cold climates the question may be raised as to whether it is not more economi-
cal to recirculate disinfected air, something that may be accomplished using UVGI
combined with filtration. Filtration in combination with UVGI can also offer per-
formance comparable to HEPA filtration without increasing risks (Kowalski 2006).
Other applications for UVGI in laboratories include biosafety cabinets, equipment
disinfection, surface disinfection systems, area decontamination systems, Upper and
Lower Room systems, in-duct air disinfection, and unitary or local recirculation
systems.

17.10 Animal Laboratories and Veterinary Facilities
Animal laboratories and veterinary facilities have unique hazards from zoonotic

diseases that may be transmitted not from animals to humans but also between
animals (Besch 1980, Tuffery 1995). Laboratories that handle animals are subject
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to occupational hazards from a wide variety of infections, especially respiratory
infections (Kowalski et al. 2002, Benirschke et al. 1978). In addition to pathogenic
disease hazards, laboratory workers can develop allergies from prolonged or chronic
exposure to animals (Hunskaar and Fosse 1993).Many species of animal diseases
have the ability to transmit to humans or vice versa since the biological and phys-
iological similarities between humans and animals are sufficient to permit such
exchanges. Whenever such interspecies transmission occurs, secondary transmis-
sions are rare. Often, such interspecies transmissions occur by direct contact or very
close proximity, but airborne transmission is an ever-present possibility. Contact
transmissions may be controlled procedurally, but the control of airborne transmis-
sion requires engineered systems. Table 17.5 lists the wide variety of zoonoses that
can potentially transmit by the airborne route in animal laboratory or other animal
facilities (adapted from Kowalski et al. 2002). Most of these pathogens and aller-
gens can also transmit by direct contact and other means, such as ingestion or vie
blood contamination. Few of the zoonotic microbes in the list have been evaluated
for their UV susceptibility, but most of them are sufficiently physiologically similar
to various human pathogens that the UV rate constants for the human pathogenic
species may be used as an approximation. Genomic analysis of UV susceptibility is
also possible (Kowalski et al. 2009).

Applications for UVGI systems in animal laboratories and veterinary facilities
are much the same as for biological laboratories and are likely to be just as effective.
These applications include biosafety cabinets, equipment disinfection systems, sur-
face disinfection systems, area decontamination systems, Upper and Lower Room
systems, in-duct air disinfection, and unitary or local recirculation systems.

Table 17.5 Airborne pathogens and allergens in animal laboratories

Airborne
pathogen

Source or infected
animal

Airborne pathogen

Source or infected animal

Acinetobacter

Actinomyces
bovis
Actinomyces
israelii
Aerococcus
viridans
Aeromonas spp.

Alcaligenes

Animal dander

Avian adenovirus
(FAV)

Bacillus
anthracis

Env., soil, sewage,
Rats, swine bldgs
Hamsters

Humans, cattle,
Rabbits, hamsters
Rodents, Rabbits

Env., rodents, soil

Humans, soil, water,
swine bigs

Rats, dogs, cats,
horses, etc.

Birds

Cattle, sheep, Mice,
Horses

Mucor plumbeus
Mumps virus

Mycobacterium
africanum
Mycobacterium
avium
Mycobacterium
bovis
Mycobacterium
lepraemurium
Mycobacterium
microti
Mpycobacterium
tuberculosis
Mpycoplasma
pulmonis

Env., sewage, Guinea Pigs

Humans, primates,
Rodents

Monkeys

Env., water, Mice

Monkeys

Rodents

Rodents

Humans, sewage,

Monkeys
Rats & mice
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Table 17.5 (continued)
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Airborne Source or infected
pathogen animal Airborne pathogen Source or infected animal
Bacteroides Humans, Rodents, Newcastle Disease Birds
fragilis Rabbits Virus (NDV)
Bordetella Rabbits, Cats Nocardia asteroides Env., sewage, Rodents,
bronchiseptica Rabbits
Bovine Bovines Paecilomyces Env., Rats
adenovirus variotii
Brucella Goats, cattle, swine, Parainfluenza virus Humans, Monkeys, dogs,
dogs. rats
Burkholderia Env., Rabbits Paravaccinia Cattle, humans
cepacia
Burkholderia Env., Horses, mules, Pasteurella Rabbits
mallei nosocomial lepisceptica
Burkholderia Env., rodents, soil, Pasteurella Rabbits, Rodents
pseudomallei nosocomial multocida
Canine distemper  Dogs Pasteurella Rodents
virus (CDV) pneumotropica
Chlamydia Birds, fowl Pasteurella spp. Monkeys
psittaci
Clostridium Env., Humans, Pneumococcus Type  Rats, Guinea Pigs
perfringens Animals, soil I
Coccidioides Env., soil, Guinea Pneumocystis Env., monkeys, animals
immitis Pigs, Rabbits carinii
Corynebacterium  Mice Pneumonia Virus of Mice
bovis Mice (PVM)
Corynebacterium Mice Poxviruses Rabbits, Sheep, Swine,
kutscheri Mice, Horses, Fowl,
Goats, Cows
Coxiella burnetii Cattle, sheep Pseudomonas Env., sewage, swine bldgs
aeruginosa
Coxsackievirus Humans, Mice, Pseudomonas Rats, Guinea Pigs
Rabbits, diminuta
Hamsters, swine,
primates
Diplococcus Monkeys Reovirus Humans, birds, mice
pneumoniae
Echovirus Humans, Mice. Respiratory Humans, Chimpanzees
primates Syncytial Virus
Enterobacter Humans, Env., Reston Virus Monkeys
cloacae Rabbits
Equine rhinop- Horses Rubella virus Humans, Monkeys
neumonitis
Feline Cats Sendai virus Rodents, Hamsters
picomavirus
Francisella Animals, Hamsters Sialodacryoadenitis Rats
tularensis virus (SDAV)
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Table 17.5 (continued)
Airborne Source or infected
pathogen animal Airborne pathogen Source or infected animal
Guineapig Guinea Pigs Simian adenovirus Primates
adenovirus
Haemophilus Rodents, Guinea Staphylococcus Humans, sewage, rodents
spp. Pigs, Rabbits aureus
Hantaan virus Rodents Staphylococcus Rats
cohnii
Influenza A virus ~ Humans, birds, pigs,  Staphylococcus Rats
nosocomial haemolyticus
Junin virus Rodents Staphylococcus Rats
sciuri
Klebsiella Rodents, Rabbits Staphylococcus Rats
orthinolytica xylosus
Klebsiella Rodents, Rabbits Streptobacillus Rats
oxytoca moniliformis
Klebsiella Rodents, Rabbits Streptococcus Rodents, Guinea Pigs,
planticola pneumoniae Rabbits
Klebsiella Env., soil, Humans, Streptococcus Humans, Guinea Pigs
pneumoniae Monkeys, Mice, pyogenes

Marburg virus
Measles virus

swine bigs
Humans, monkeys
Humans, Monkeys

Theiler’s virus
Vaccinia virus

Mice
Agricultural

Micromonospora  Agricultural, moldy Yersinia pestis Rodents, fleas, Humans
faeni Hay, indoor
growth
Micropolyspora Agricultural, indoor Yersinia pseudotu- Rodents, Rabbits, Guinea
faeni growth berculosis Pigs
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