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Each year, more than two million people
contract a hospital-acquired infection (HAI)
that can also be antibiotic-resistant. In 2013,
these infections resulted in at least 23,000
deaths (CDC). In fact, HAISs, kill more people
than AIDS, breast cancer and auto accidents
combined.

Emerging diseases—such as Sudden Acute
Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS)—demand vigi-
lance by healthcare facilities to protect work-
ers, facility staffs, patients and visitors from
the spread of these pathogens.

There is, essentially, a war being fought on
three fronts of infection control: HAIs, anti-
biotic resistant microorganisms (ARMs) and
emerging diseases.

Engineering for infection-control systems in
healthcare facilities plays a pivotal role in
fighting this battle. Guidelines exist, such as
the ANSI / ASHRAE / ASHE Standard 170-
2013, Ventilation of Health Care Facilities
(ASHRAE 2013); however, no single guide en-
compasses all of the information and/or proven
suggestions engineers will need.

Because Ultraviolet Germicidal Irradiation
(UV-CO) kills all known microorganisms, this
article outlines some basics of infectious dis-
eases and points to engineering-level guidance
for continuously reducing, or in some cases,
preventing infectious pathogens from growing
on or circulating in hospital spaces and HVAC
systems.
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It helps to know pathogen types and how they
are manifested as diseases (etiology), which
includes virulence (how it affects people); its
transmission (how they’re spread), and which
interventions are shown to work best for which
diseases.

Types

We'll focus on two types of pathogens that are

of concern — bacteria and viruses.

* Bacteria. Bacteria inhabit soil, water and
humans, etc. and are responsible for strep
throat, urinary tract infections and tuber-
culosis to name a few. A growing issue with
bacteria is their resistance to available
drugs, and these are known as antibiotic
resistant microorganisms (ARMs), such as
MRSA (Methicillin-resistant Staphylococcus
aureus).

* Virus. Viruses are small infectious agents
that replicate in living cells of other or-
ganisms such as in humans, animals and
plants. They are typically smaller than bac-
teria, and are difficult to treat with drugs.

Viruses include Ebola, and coronaviruses
(Enterovirus D68), SARS, MERS and colds
and flu.

Transmission

This basic knowledge provides a foundation to
design interventions that intercept or inter-
rupt, and therefore reduce the risk and spread
of infectious agents. There are many forms of
transmission; those covered are outlined below.
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Methods include (but are not limited to) the

following:

* Direct contact: Physical contact and
transfer of microorganisms that occurs
during touching, kissing, and contact with
blood and other bodily fluids (Mt. Sinai
2014).

* Indirect contact: Contact with a contami-
nated surface, such as doorknobs, bed rails
and medical instruments, etc. (Mt. Sinai
2014).

* Droplet contact: Infested droplets gener-
ated by an infected person by breathing,
coughing, sneezing or talking, and directly
reaching another person’s eyes, nose or
mouth. Droplets can also be generated dur-
ing bronchoscopy, surgery, autopsy, and
other medical procedures (Mt. Sinai 2014).

e Airborne transmission: droplet nuclei
and/or residue from evaporated droplets or
dust particles containing microorganisms,
all of which can remain and survive sus-
pended in air for long periods of time, and
some are resistant to drying out.

 Fecal-oral transmission: Digestive tract
microorganisms can be spread to food, water
or medicine and ingested by another per-
son, or spread through indirect contact with
flushing toilets and medical instruments.

e Close contact: A term used today as the
means of transmission of the Ebola virus.
According to the CDC, ‘close contact’ in-
cludes caring for or living with an infected
person; having direct contact with a pa-
tient’s respiratory secretions or bodily flu-
1ds; sharing eating or drinking utensils, or
touching someone directly. Close contact
does not include walking by a person or
briefly sitting across in a waiting room as
examples.

VIRULENCE, INFECTIVENESS AND TREATABILITY

Virulence is the potential to impact an infected
person’s health, including mortality rate or,
how many people die after becoming infected.
Apart from pathogen specifics, virulence de-
pends on many factors, including age, health,
vaccinations, and the patient’s access to health-
care.

Infectiveness is a disease’s ability to spread.
The term “reproduction number” (RO) is used

to numerically rate the infectiveness of treat-
ment. The higher the RO, the more contagious
the disease.

Treatability i1s an informal term that means
the difficulty to treat an infection with vac-
cinations or medicines. Viruses are difficult to
treat, bacterial infections once treatable with
antibiotics are now mutating into multidrug-
resistance forms (WHO 2014).

THE WAR

As previously mentioned, the war against dis-
eases 1s being waged on three fronts — hospital-
acquired infections; anti-microbial resistance
to known drugs and emerging diseases.

Hospital-Acquired Infections (HAIs)

HAIs are high in U.S. hospitals. Research on
U.S. acute-care hospitals by the CDC found
that in 2011, about 1 in 25 patients had at
least one healthcare-associated infection. This
amounts to about 722,000 HAIs during 2011
and about 75,000 of those infected, died during
their hospitalizations. More than half of these
infections occurred outside of an intensive care
unit (Magill 2014).

Furthermore, diseases normally spread via air
or by contact, can also spread by alternative
transmission routes. For example, the Clostrid-
ium difficile (C. diff) bacterium, a common HAI
pathogen, 1s usually spread through fecal-oral
transmission. However, several studies have
found that it can become airborne during room
cleaning to spread both within and outside a
room (King 2012, Best 2010).
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ANTIBIOTIC RESISTANCE

Resistance of pathogens to medicines is occur-
ring at a shocking rate, and no major new anti-
biotics have been developed in the last 30 years
(WHO 2014). The situation elicited a warning
from the World Health Organization: “Without
urgent action we are heading for a post-antibi-
otic era, in which common infections and minor
injuries can once again kill” (WHO 2014).

In 2014, the President’s Council of Advisors on
Science and Technology released a report on
antibiotic resistance (PCAST 2014) stating that
the “evolution of antibiotic resistance is occur-
ring at an alarming
rate and is outpacing
the development of

EMERGING DISEASES

Emerging diseases are a threat because they
skirt treatment by masquerading as known dis-
eases with similar symptoms. Instead of being a
known variant of, say the cold or flu, it may be
a new pathogen or disease, more virulent and/
or infectious genetic variant of a known disease.

The impact of emerging diseases is not always
1dentical in different countries. U.S. healthcare
workers exposed to SARS did not contract the
disease. However, in other countries, there
were infections, sufficient to close a hospital.

Ebola has been ex-
tremely detrimental
Red to healthcare work-
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It’s unclear when the focus on antibiotic-resis-
tant bacteria will take place or whether it will
yield results. While these efforts are ramping
up, hospitals will need to continue to refine
their protocols and infrastructures to protect
against antibiotic-resistant bacterial infections
and outbreaks.

To help fight this battle, and the battles on

the fronts of emerging diseases and hospital-
acquired infections, engineers have one major
and extremely well-tested tool they can turn to,
Ultraviolet Energy in the “C” band, a broadly-
used technology that kills bacteria and virus in
room air and in HVAC supply air streams and
surfaces.

(WHO 2014-2).

llustration: UV Spectrum - 253.7 nm is UV-C Wavelength

INFECcTION CONTROL

The UV-C waveform is a supplemental and
extremely effective approach to fighting infec-
tious diseases (Memarzadeh 2010). No known
microorganisms are completely resistant to the
physical effects of the UV-C frequency.

UV-C can be installed inexpensively throughout
healthcare facilities by using upper-room units
for interior spaces, lamps in HVAC ducts and
exhaust systems for airstream disinfection and
1n air handlers to disinfect airstreams, coils,

air filters, drain pans and other potential reser-
voirs for microbial growth and proliferation.
The following is intended for applications that
focus on airborne transmission and transmis-
sions that have airborne components.

ForTiricaATION

UV-C supplements infection-control protocols
for disinfection, sterilization and manual clean-



(UV-C and Infection _

ing. In addition to their 24/7 operation of kill-
ing pathogens, they also provide some level of
protection when staffs do not, or cannot follow
protocols, or if existing protocols are side-
stepped by emerging diseases and when HVAC
or room-pressurization systems are compro-
mised.

A “fortification” approach is another level of
protection. Again, UV-C is effective against all
pathogens from either emerging or known dis-
eases, and it does not contribute to drug resis-
tance or secondary contamination.

UV-C installations are positioned in key spaces
and/or HVAC equipment where pathogen
sources and pathways exist. Interior and pe-
rimeter spaces are protected using upper-room
units. Air handling systems serving high-risk
areas are protected using airstream-disin-
fection systems. And areas of HVAC systems
known as reservoirs of pathogens are bathed
with surface-cleaning UV-C systems.

UpPPER-AIR UNITS

Infections from airborne pathogens (which fall
out or plate out onto equipment surfaces and
floors) are sourced by people (Nardell 1999).
Upper-air UV-C systems reduce these microor-
ganisms by effectively intercepting them in the
room air (First 1999).

Another use is to intercept microorganisms
from other sources or where cross-contami-
nation pathways exist. They kill pathogens
circulated into its plane by drafts, pressure
differentials or the movement of people, such
as entering or leaving a room or from cleaning.
They are also effective against droplet nuclei
from coughing, sneezing or the changing of bed
linens.

Upper-room units are installed in patient
rooms, emergency rooms, waiting rooms, 1so-
lation rooms/wards, surgery suites and child-
care rooms—anywhere infectious agents exist.
Guidelines are available from the National
Institute for Occupational Safety and Health
(NIOSH 2009) or from manufacturers.

AIR-STREAM DISINFECTION

Airstream disinfection systems employ UV-C
lamps to target pathogens from outdoor and/or

return air (which contain airborne pathogens).
Kill ratios over 99.9% on a first-pass basis have
been modeled and, as air is re-circulated, con-
centrations are further reduced by each subse-
quent pass (mass balance).

Airstream disinfection is used in high-risk
areas, such as surgical suites, neonatal care
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Photo: Upper Air Fixtures mounted in waiting room

centers and isolation rooms/wards. Guidance
may be found in ASHRAE handbooks, as well
as the Ultraviolet germicidal irradiation hand-
book (Kowalski 2009).

Notable applications include the Pentagon for
protection against bio-terror agents, the CDC
for protection against catastrophic spillages
of infectious agents and the isolation units at
Emory University hospital, where Dr. Kent
Brantly and Nancy Writebol, who both were
infected with Ebola, were taken to recover.

HVAC Surrack CLEANING

Surface-cleaning UV-C systems provide 24/7 ir-
radiation of HVAC components to destroy bac-
teria, viruses and mold that settle and prolifer-
ate on coils, air filters, ducts and drain pans.
UV-C prevents them from becoming microbial
reservoirs for pathogen growth and subsequent
entrainment into airstreams. They also provide
first pass kill ratios of airborne pathogens of
up to 30%, with ancillary benefits of restored
cleanliness, heat exchange efficiency and en-
ergy use (ASHRAE 2011- Fencl 2013/2014).
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HAIs AND MEDICARE

THE PREVALENCE AND COSTLINESS OF HOSPITAL-ACQUIRED INFECTIONS HAS NOT GONE UNNOTICED BY MEDICARE
ADMINISTRATORS. TWO MEDICARE PAYMENT ADJUSTMENTS HAVE BEEN PUT IN PLACE TO INCREASE PRESSURE ON HOS-
PITALS TO REDUCE HAIS THROUGH PREVENTIVE MEASURES.

THE FIRST WAS ESTABLISHED IN 2006 wiTH THE DEFICIT REDUCTION ACT (DRA) THAT CONTAINED LANGUAGE SUCH
THAT AFTER “OCTOBER 1, 2008, HOSPITALS WILL NOT RECEIVE ADDITIONAL PAYMENT FOR CASES IN WHICH ONE OF
THE SELECTED CONDITIONS WERE NOT PRESENT ON ADMISSION.” (NCSL 2008). THIS BEGAN, IN COLLABORATION
wiTH THE CDC, TO ESTABLISH TRACKING AND NONPAYMENT OF SELECTED HAIS. THE PROGRAM WAS DEVELOPED TO
INCREASE IN STRINGENCY OVER TIME.

THE SECOND WAS ESTABLISHED IN 2013 WHEN THE CENTERS FOR MEDICARE & MEDICAID SERVICES (CMS) INSTI-
TUTED THE HoSPITAL VALUE-BASED PURCHASING PROGRAM, WHICH PAYS MORE TO HOSPITALS WITH PERFORMANCE
INDICATORS ABOVE A THRESHOLD CONSIDERED “GOOD” AND LESS TO HOSPITALS BELOW THE THRESHOLD (CMS 2014).
IN THE PROGRAM, PAYMENT ADJUSTMENTS ARE DEVELOPED USING A METHODOLOGY THAT INCLUDES “HOSPITAL AC-
QUIRED CONDITIONS,” SOME OF WHICH ARE SELECTED HOSPITAL-ACQUIRED INFECTIONS. IN 2014, 1,451 HOSPITALS
BEGAN A PERIOD OF RECEIVING REDUCED PAYMENTS FOR EACH MEDICAID PATIENT THEY TREAT FOR ONE YEAR BEGIN-
NING OCTOBER 1, 2014. BONUSES IN PAYMENTS TO 1,231 HOSPITALS WILL ALSO OCCUR DURING THE SAME TIME
PERIOD (RAU 2014). INCREASING STRINGENCY OVER TIME ALSO IS EXPECTED IN THE PROGRAM.

HVAC surface-cleaning was recently docu- variety of ways that UV-C can be applied en-
mented in a neonatal intensive care unit ables engineers and operators to tailor UV-C
(NICU) case study at the University of Buffalo technologies to meet desired outcomes, and do-
Women and Children’s Hospital (Ryan 2014). ing so within real-world budgets.

The study found substantial reductions in mi-
crobial loading on NICU surfaces to near 0 cfu
after four months of operation. The study con-
cluded that “decreased HVAC microbial colo-
nization was associated with reduced NICU
environment and tracheal microbial coloniza-
tion. Significant reductions in VAP [ventilator-
associated pneumonia] and antibiotic use were
also associated with UV-C” in this study.

As examples, Upper-Air UV units cost as little
as $2.50 - $3.10 per square foot of treated
space. Air-stream Disinfection systems range
from $0.60 - $0.80 per cfm and HVAC Surface
Disinfection systems are approximately $0.10

- $0.15 per cfm, literally bargains when com-
pared to human lives, lost productivity, health-
care costs and healthcare resources.

SUMMARY

Healthcare leaders are uniting in this war
against infectious diseases. The toll in hu-
man lives, lost productivity, healthcare costs
and healthcare resources is huge. Although
focused efforts are underway to address new
medicines, surveillance systems, and diagnos-
tic procedures, the outcome of these efforts is
unknown, and, there will always be the need
to circumvent any new measure from error,
negligence and the unceasing genetic muta-
tions and evolutions that bacteria and viruses
can undergo.

UV-C systems are a cost-effective, proven, and
a readily available means to address all three
fronts of the war on infectious diseases. The For article references, contact info@uvresources.com



UV-C Infection Control Products

GLO™ Upper Air UV-C Fixture: Provides increased levels of ultraviolet
germicidal irradiation (UVGI) protection through its exclusive, computer
designed, high spectral Alanod aluminum reflector that helps to signifi-
cantly reduce internal UV energy losses. The GLO exceeds the performance
guidelines established by the U.S. Department of Health and Human Ser-
vices and the Center for Disease Control and Prevention (CDC) for hospital
and healthcare applications.

RLM Xtreme UV-C Lamp System: Delivers high-output ultraviolet
energy to air-streams or cooling coils to destroy mold, bacteria, and viruses
in demanding, high-volume HVAC (heating, ventilation and air condition-
ing) environments. This modern UV-C system is designed to help improve
air quality, while creating a more energy-efficient HVAC system that does
not need to waste energy to distribute properly conditioned air to the space.
The system can be installed in most any position to generate 360-degree
UV-C irradiation to where energy is needed the most.

Shortcuts to Infection Information:
Hospital acquired infections: http:/www.cdc.gov/hai/
Antimicrobial-resistant microorganisms: http://www.cdc.gov/drugresistance/
Emerging diseases: http://www.cdc.gov/ncezid/
Ebola: http://www.cdc.gov/vhi/ebola/

Middle East Respiratory Syndrome (ERS): http://www.cdc.gov/coronavirus/mers/

Non-polio Enterovirus 68: http://www.cdc.gov/non-polio-enterovirus/index.html

Morbidity and Mortality Weekly Summary Report: http://www.cdc.gov/mmwr/

Coronovirus (including SARS and MERS): http://www.cdc.gov/coronavirus/about/index.html
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