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Abstract: 

Healthcare-associated infections (HAIs) are a serious concern 
in the NICU. Alternatives or supplements to manual cleaning are 
increasingly being explored, including ultraviolet (UV) disinfec-
tion technologies. A recently-developed hybrid lighting system 
technology, designed to provide both visible white light and dis-
infecting UV-A ( λ max = 366 nm) radiation, was retrofitted into 
a hospital newborn intensive care unit (NICU). The UV-A dosing 
was set to levels calculated to be safe for continuous adult occu-
pation. The results showed that eight-hour exposures of 3 W m-2 
on counter surfaces were effective for suppressing bacteria that 
commonly cause HAIs in the NICU. Although UV-A is not as effec-
tive at inactivating viruses as UV-C, it is safe for use while space 
is occupied, making it a promising technology for consideration in 
certain areas of the NICU.  
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Introduction

Approximately 1 in 25 patients in the United States contract 
healthcare-associated infections (HAIs).(1) Patients are particu-
larly at risk if the previous patient in that room had an infection.(2, 
3) Standard cleaning procedures usually involve the manual ap-
plication of detergents, and disinfectants.(4) The efficacy of these 
manual cleaning procedures can vary considerably among hospi-
tals.(5, 6) In fact, less than 50% of the patient room surfaces are 
properly cleaned.(1)  

Given the incomplete effectiveness of manual cleaning, alterna-
tive, so-called, no-touch methods have been examined with the 
expectation that decontamination of room surfaces will improve 
when the human element has been removed. Among these no-
touch methods, the efficacy of short-wavelength optical radiation, 
from ultraviolet (UV) to blue light (100 to 410 nm), has been stud-
ied.(7-9) Short wavelengths can inactivate pathogens through 
two main mechanisms, depending upon the wavelength, dura-
tion, and amount of optical radiation(10) as well as the type of 
pathogen. The direct mechanism involves alterations to DNA or 
RNA following absorption by UV-C so that the pathogen can no 
longer replicate. The indirect mechanism involves the absorp-
tion of UV-C, UV-B, UV-A, or blue light by chromophores inside 
or outside the pathogen. These radiation-altered chromophores 
cause secondary reactions, which, like the direct mechanism, can 
inactivate replication, but more commonly, they produce chemical 
reactions that disable the virus, bacterium, or fungus. The efficacy 
of a given UV dose (intensity x duration) against a given pathogen 
depends upon the presence or absence of a cell wall, the thick-

ness of the cell wall, and the type of nucleic acid.(11) Generally, 
airborne viruses require lower doses for inactivation than bacteria 
and fungi, by one or two orders of magnitude. COVID-19, for ex-
ample, is a single-stranded RNA virus with relatively high cell wall 
transmissivity to UV-C. In contrast, many bacteria and especially 
fungi, have double-stranded DNA and low cell wall transmissivity 
to UV-C (e.g., Candida paraposilosis).

UV-C produced by low-pressure discharge lamps (ƛmax ≈ 254 
nm) been used for many decades to inactivate airborne patho-
gens. More recently, it has been implemented on mobile platforms 
that move about the hospital room through remote control to disin-
fect surfaces. The advantage of UV-C technologies for minimizing 
HAIs is that effective dosage can be achieved with short time du-
rations (<1 hour);(12) the disadvantage of UV-C is that the optical 
radiation must be applied when the hospital room is unoccupied. 
For UV-A and blue light applications, several hours of Exposure 
may be needed to reduce pathogen presence effectively, but, de-
pending upon the wavelength and dose, people can occupy the 
room without harm.  It should be emphasized, however, that all UV 
technologies are line-of-sight technologies. This means that dis-
infection can only occur from direct irradiation by the UV source.  
This works well for airborne pathogens, but those pathogens on 
shadowed surfaces, such as under a cabinet, will not be affected 
during UV application.   

With regard to human safety, Exposure to UV-A can cause ery-
thema of the skin (reddening). For wavelengths longer than about 
350 nm, however, erythemal effects are negligible.(13) Exposure 
to short wavelengths longer than about 380 nm can cause per-
manent damage to the retina; this phenomenon is known as blue 
light hazard.(14) Unlike erythemal effects, which depend upon ir-
radiance on the skin, the radiance of the source imaged on the 
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“Each patient room has a separate sink 
and counter surface for families and 
medical staff. The sink and counter area 
in the patient rooms were the primary 
focus for assessing UV-A mitigation of 
pathogens because these high-touch areas 
are most likely to contain HAIs.”
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retina must be minimized to avoid the blue light hazard,(14, 15) So 
unless the source is extremely bright, little damage to the retina 
will occur from blue light exposure. According to industry stan-
dard safety recommendations(16) then, exposures to UV-A wave-
lengths between about 350 and 380 nm can be considered safe 
for humans at doses that would still be effective for reducing HAI 
pathogens. Safe exposures of UV-A for infants has not, however, 
been defined.

The present field study was designed to evaluate a hybrid lighting 
technology that could provide both visible white light and UV-A op-
tical radiation. The site for the study was a recently-built newborn 
intensive care unit (NICU). The researchers assessed the efficacy 
of UV-A exposure for mitigating pathogens found in this unit. Oc-
cupant exposure safety was implemented by applying published 
safety limits(16) for UV-A exposures and confirmed through radio-
metric measurement.  For more information about this study, see 
Brons et al.(17)  

Study Site 

This field study was conducted in the NICU at Memorial Beacon 
Children’s Hospital in South Bend, Indiana, USA. This 39-bed 
NICU provides an advanced level of care for babies born prema-
turely or with a critical illness. The facility was designed and built 
in 2017 to minimize an institutional appearance. For example, 
rather than caring for multiple babies in one ward, premature ba-
bies have private patient rooms (Figure 1). These patient rooms 
include a private lounge, sleeping, and bathing facilities for each 
family. Each patient room has a separate sink and counter surface 
for families and medical staff. The sink and counter area in the pa-
tient rooms were the primary focus for assessing UV-A mitigation 
of pathogens because these high-touch areas are most likely to 
contain HAIs. The study was conducted in six of the NICU patient 
rooms (Figure 1). 

Cleaning

Nurses work 12-hour shifts, either 07:00 to 19:00 or 19:00 to 
07:00.  At the start of each shift (morning and night), nurses clean 

the sink and counters (PDI Super Sani-cloth germicidal dispos-
able wipes). Once a day, environmental cleaning crews attempt 
to sanitize the many surfaces in each patient room, including the 
sink area (Diversey Oxivir 1 Wipes); environmental cleaning staff 
are not responsible for cleaning the counters.

Methodology 

Hybrid Luminaires

The hybrid luminaires (“Lumination” LBU 22 Disinfection Series 
D-Light, manufactured by GE Current, a Daintree company) were 
surface mounted in the patient rooms above the counter and sink 
areas after the existing luminaires in that area were removed. The 
hybrid luminaires had two circuits that could be operated inde-
pendently (Figure 2). White light was provided by conventional 
light-emitting diodes (LEDs) controlled by the occupant using a 
dimmable wall switch. The UV-A LEDs were controlled by the 
manufacturer on a separate circuit using a remotely programmed 
time clock; the UV-A circuit was set to operate on Wednesdays 
and Thursdays for 8 hours (09:30 to 17:30). The spectral power 
distributions (SPDs) of the two luminaire channels are shown in 
Figure 3. The hybrid luminaires produced a diffuse intensity dis-
tribution. 

 Figure 1. Typical patient room sink and counter, before retrofit with a hybrid lighting system; each patient room serves one family and 
their infant(s).
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 Radiation Safety 

The manufacturer’s recommendations for implementation safety 
relied on IEC standard 62471:2006, “Photobiological safety of 
lamps and lamp systems.”(16) Standard 62471 gives thresholds 
for near-UV (UV-A; 315-400 nm), far-UV (actinic; 200-400 nm), 
and blue light (300-700 nm) exposures. For near UV, the irradi-
ance limit is 10 W m-2 on the skin or at the eyes for 8 hours. 

Following photometrically realistic simulations, confirmed by 
physical measurements, UV-A radiation emitted by the hybrid 
lighting system was limited to 10 W m-2 at 6 ft (2 m) above the 
finished floor plane, corresponding to an eye height of a very tall 
person. This safety limit corresponded to a UV-A irradiance level 
of approximately 3 W m-2 at the counter and sink heights of 3 ft (1 
m) above the finished floor plane. Because Standard 62471 does 
not provide safety guidelines for exposures longer than 8 hours 

Figure 2. Typical sink and counter space with the hybrid lighting system, providing white light (left) UV-A (center) and both (right).  The 
UV-A and the white light could be energized with separate circuits.

Figure 3. Relative SPDs of the two hybrid lighting LED channels, UV-A (λmax = 366 nm) and white light



“When curtains were retracted, the fabric 
on the exterior of this incubator did 
fluoresce, but the interior did not; this 
suggests that the incubator transparent 
cover did not transmit UV-A.”
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in a single day, the duration of UV-A operation for this study was 
limited to 8 continuous hours per day.  

Curtains 

Despite the fact that the UV-A output was set at levels deemed 
safe for adults,(16) extra precautions were taken to keep direct 
UV-A irradiance off the infant patients during the study. Weale 
showed, for example, that infants’ crystalline lenses transmit more 
UV-A than older people; thus, greater protective measures were 
needed for this population.(18) Short, blackout-type curtains were 
hung in the six patient rooms (Figure 4); the bottom of these cur-
tains was 5 ft 5 in (1.65 m) above the floor. In addition to curtains, 
nursing personnel were ordered to drape baby bassinets/incuba-
tors when occupied (Figure 4). 

Measurements 

White-light illuminance and UV-A irradiance measurements were 
obtained at three locations in patient rooms: the sink, the nearby 
counter, and the far end of the counter. These were the same 
locations where the adenosine triphosphate (ATP) samples were 
collected (see Protocol, below). 

Similar white-light illuminance levels were available at the sink 
before and after retrofit (600-700 lx). At patient room counters, 
illuminance levels at full output were higher after the retrofit (800 
lx) than before the retrofit (450 lux). 

As previously noted, the radiometric measurements confirmed 
the simulated irradiance level of 3 W m-2 at the primary loca-
tions (sink and counter). The measurement protocol focused on 
these primary locations; ancillary surfaces (e.g., counter inpatient 
rooms) far from the hybrid luminaires naturally had lower UV-A 
irradiance levels. Because the infant incubators were not close 
to the hybrid luminaires, extensive UV-A measurements were not 
undertaken of incubator interiors, but as shown in Figure 5, even 
when the curtains were retracted, and the incubator was directly 
in line with the UV-A source, the fabric inside the incubator did not 
fluoresce like those fabrics outside the incubator. This indicates 
that the visually transparent cover did not transmit UV-A.  Figure 
5: When curtains were retracted, the fabric on the exterior of this 
incubator did fluoresce, but the interior did not; this suggests that 
the incubator transparent cover did not transmit UV-A.

Protocol

A one-week protocol was repeated three times in spring 2019. 
The white light from the hybrid luminaires provided illumination 
to the counters and sinks all three weeks. The UV-A radiation 
from the hybrid luminaire was operated for 8 hours on Wednes-
days and Thursdays each week. Adenosine triphosphate (ATP) 
samples were collected at sink and counter locations mornings, 
evenings, and midnight in three occupied patient rooms and one 
vacant patient room. 

Inoculated Culture Plates

In a separate protocol, to directly assess the efficacy of the UV-A 
exposures, three pathogen types were selected for study based 
upon the following three criteria:

A. A pathogen previously identified as present in this NICU

B. A pathogen identified in 2014 by the Centers for Disease 
Control and Prevention (CDC) as among the top 10 patho-
gens of concern for HAIs(19)

C. A pathogen identified by the NICU Director as particularly 
problematic

Readers can also follow

NEONATOLOGY TODAY
via our Twitter Feed

@NEOTODAY

Figure 4. Examples of curtains in two of the six patient rooms; 
shown in foreground of left image is a baby incubator draped in 
fabric.



21NEONATOLOGY TODAYtwww.NeonatologyToday.nettJuly 2020

The pathogens selected for the follow-up study were:

1. Enterococcus faecalis (E. faecalis), a bacterium that causes, 
most commonly, urinary tract infections. This bacterium is 
particularly resistant to antibiotics.

2. Staphylococcus aureus (S. aureus), a bacterium associated 
with upper respiratory infections.(20)   

3. Escherichia coli (E. coli), a diverse group of bacteria that can 
cause a variety of maladies, including severe dehydration.  

Cultures of a given pathogen type were divided into two groups. A 
control group was placed on culture plates covered with a trans-
parent, UV-blocking cover, and an intervention group was placed 
on culture plates covered with the usual borosilicate, UV-trans-
parent cover plates (Figure 6). The two groups were placed at the 
same locations that were selected for the previous ATP sampling. 
The hybrid lighting system with the UV-A source energized was 
operated continuously for 8 hours at approximately               
3 W m-2.

Results

ATP Sampling

ATP samples were obtained from three surfaces in 3-4 patient 
rooms for each of the three weeks. An analysis of the daily change 
in ATP counts was undertaken. After 8 hours of the UV-A applica-
tion on Wednesdays there was a statistically significant reduction 
in ATP counts, with further, statistically significant reductions after 
8 hours of UV-A application on Thursday. Importantly, on Friday, 
there was a statistically significant increase in ATP counts.

Inoculated Culture Plates

Student’s one-tail t-tests comparing the UV-transmitting (interven-
tion) and the UV-blocking (control) cultures showed statistically 
significant CFU reductions for E. faecalis (t,5 = -1.98, p = 0.05), S. 
aureus (t,3 = -3.52, p = 0.02) and E. coli. (t,3 = -12.58, p = 0.0005).  
Figure 7 shows these results in terms of percent CFU reduction; 
this shows the differential impact of the UV-A intervention relative 
to the control. 

Discussion

ATP Sampling

ATP samples are routinely collected in the many units of Memo-
rial Hospital as an inexpensive technique for quality assurance 
of their cleaning procedures. The hospital NICU studied here is 

Figure 5: When curtains were retracted, the fabric on the exterior of this incubator did fluoresce, but the interior did not; this suggests 
that the incubator transparent cover did not transmit UV-A.



“From an experimental perspective, low 
ATP counts made it difficult to assess 
the pathogen mitigation efficacy of the 
UV-A radiation from the hybrid lighting 
system. Nevertheless, support for the 
effectiveness of this hybrid lighting 
technology for killing bacteria was 
obtained from an analysis of the daily 
change in ATP counts. Without the UV-A 
radiation, there was no statistically reliable 
change in ATP counts, but there were 
statistically significant reductions in ATP 
counts following the UV-A exposures. ”
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very clean, as reflected in the low ATP counts obtained during this 
study. Indeed, over the three weeks of the study, ATP counts were 
rarely over the threshold for cleanliness in this hospital. In fact, the 
NICU Director reported that his unit consistently receives internal 
recognition as one of the most consistently clean units in the hos-
pital. To better gauge the level of cleanliness in the NICU, ATP 
spot checks of public areas in the hospital were sampled; those 
results supported the inference that this NICU is particularly clean. 

From an experimental perspective, low ATP counts made it dif-
ficult to assess the pathogen mitigation efficacy of the UV-A radia-
tion from the hybrid lighting system. Nevertheless, support for the 
effectiveness of this hybrid lighting technology for killing bacteria 
was obtained from an analysis of the daily change in ATP counts. 
Without the UV-A radiation, there was no statistically reliable 

change in ATP counts, but there were statistically significant re-
ductions in ATP counts following the UV-A exposures. And, impor-
tantly, stopping the UV-A treatment led to a significant increase in 
ATP counts. After the COVID crisis abates, future demonstrations 
of the hybrid lighting technology are planned for hospital units with 
greater bio-burden. Significant reductions in pathogen counts af-
ter UV-A exposures should then be related to a reduction in HAI 
incidence.  

Inoculated Culture Plates

The inoculated cell culture analysis was important for a variety of 
reasons. First, this NICU was particularly clean, making it difficult 

Figure 6. Inoculated culture plates at patient room sink (left) and counter (right); borosilicate glass covered all test plates, and additional 
orange-colored UV-blocking film covers each control group.
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to demonstrate the efficacy of the UV-A applications. Second, ATP 
samples do not differentiate pathogens that might cause HAIs 
from other organic materials. Third, a side-by-side comparison of 
cell culture growth, ambient lighting with and without UV-A, must 
be conducted to demonstrate that UV-A exposures affect patho-
gen growth unambiguously. Specifically, the side-by-side test con-
ducted here showed that important pathogens identified by the 
CDC as problematic sources of HAIs and ones actually found in 
the NICU were directly abated by the UV-A applications actually 
used in the present field study.   

Conclusions

The field study described here was the first to examine the effica-
cy of UV-A for reducing pathogens in the context of a working hos-
pital. The hybrid lighting system used in the present study could 
independently emit visible white light, UV-A radiation, or both. A 
series of analyses support the inference that the UV-A radiation 
will reduce the burden of HAIs in doses set to minimize negative 
health effects for adult occupants (max = 10 W m-2 for 8 hours). 
The hybrid lighting system is safe to operate in occupied spaces 
under the radiation restrictions described here, but long-term and 
collateral effects on materials, and people need to be carefully 
tested before it should be widely adopted. 
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among VLBW decreased from 16.7% in 
pre-EHR era to 14% in post-EHR era. 
Among babies born less than 1,500 grams, 
rates of  necrotizing enterocolitis and cystic 
periventricular leukomalacia, were not 
significantly  affected (Table 2).  Retinopathy 
of  Prematurity  rate was significantly 
reduced from 28% to 26%, with a P-value 
of  0.0045. In the Extreme Low Birth Weight 
group, there was a decrease in mortality 
rate from 23% to 18.6% with a P-value of 
0.0268, and an increase in CLD rate (Table 
3). However,  infection control data showed 
improvement where CLABSI was 3.8% vs 
3%, with a P-value of  0.7, VAP 2.1% vs 
1.6%, with a P-value of  0.08, and CONs 
infection 2.1 vs 0.93%, with a P-value of 
0.03 (Table 4).

Discussion

Several studies have been conducted in 
ambulatory  services and less intensive 
areas, assessing the information flow and 
logistics of  electronic health care records on 
the quality  of  work performance.12,13 These 
studies claimed that the patient-related 
outcomes were better in adult patients, with 
enhanced overall patient care, less ordered 
medications and lab requests. Cordero et al 
demonstrated the advantage of  remote 
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2013-2014
(342)

2015-2016
(433)

P-Value

%%

P-Value

Mortality 23 18.6 0.0268

CLD 11.8 20.25 0.0130

Pneumothorax 5.1 5.85 0.2806

Late Onset Bacterial Sepsis 20.1 20.4 0.6420

CONS 8.2 10.4 0.3221

IVH 19.2 22.2 0.4930

ROP 35.6 33 0.0045

Cystic PVL 3.2 4.5 0.0705

NEC 8.4 8.4 0.2015

Average Length of Stay in NICU 58±63 52.5±40 0.139

Table 4.  Infection RateTable 4.  Infection RateTable 4.  Infection RateTable 4.  Infection Rate

Rate*Rate* P-Value

2013-2014 2015-2016

P-Value

CLABSI 3.8 3 0.7

VAP 2.1 1.6 0.08

LOS 3.7 2.2 0.04

CONS 2.1 0.93 0.03

* Rate = Number of cases / Number of patient days X 1000* Rate = Number of cases / Number of patient days X 1000* Rate = Number of cases / Number of patient days X 1000* Rate = Number of cases / Number of patient days X 1000

Figure 1. Overall Clinical Outcome Before and After EHS.
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“Based on the available 

literature,12,13 longer 

duration assessment is not 

an impact factor. In a 

cross-sectional study, Li 

Zhou et al, found no 

association between 

duration of using an EHR 

and improved performance 

with respect to quality of 

care. Intensifying the use 

of key EHR features, such 

as clinical decision 

support, may be needed to 

realize quality 

improvement from EHRs”


