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BACKGROUND AND OBJECTIVES: No data exist regarding the potential impact of a blue light system on environmental 
colonization and perioperative infections in neurosurgery. Main objective of this work was to analyze the clinical efficacy of a 
novel blue light system on the rate of environmental colonization and perioperative infections in a neurosurgical department.
METHODS: In this observational prospective cohort study, we prospectively enrolled all head/spine neurosurgical 
patients (January-December 2023) at a third-level referral center in Italy. Patients were followed after surgery in two 
separate neurosurgical wards, following normal institutional protocol. One ward was previously equipped with the 
INTEGRALIS ® (Artemide ® ) blue light (405 nm) as the primary light source and the other with common neon lights. We 
longitudinally assessed both wards for environmental colonization (contact plates, contact swabs, and air samplings) and 
for the rate of clinically manifest perioperative infections (primary end points). A dedicated questionnaire evaluated 
patient and health professional satisfaction with the new luminous system (secondary end point).
RESULTS: Nine hundred seventy-seven patients (5765 days of hospitalization, DoH) and 1252 patients (6332 DoH) were 
followed, respectively, in blue light and neon wards. From an environmental perspective, a higher incidence of plates 
with a CFU level below 25 CFU/plate threshold was found in blue light ward compared with the neon ward at 1 month 
(46.2% vs 33.3%, P = .26) and, significantly, at 5 months (68.3% vs 42.3%, P = .001). No difference was observed 
considering cultures executed at 1 year (P = .17). On a clinical perspective, the overall number of infections/10000 DoH 
was lower in blue light ward (79.0 vs 45.1, P = .02, CI 95% 1.1-2.9), with a significantly reduced rate of wound infections in 
respect to neon ward (10.4 vs 41.1, P = .001, CI 95% 1.6-11.7).
CONCLUSION: Blue light systems may in a surgical setting may help in lowering bacterial colonization and clinically 
manifest infections.
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H ospital surface contamination significantly contributes to 
the transmission of pathogens that cause healthcare-
associated infections. 1 Healthcare-associated infections 

are linked to longer hospital stays, increased morbidity, higher 
mortality rates, and elevated healthcare costs. 2 This issue is 
particularly critical in sensitive areas such as intensive care units
and surgical wards, where vulnerable patients face a higher risk of 
perioperative infections, adversely affecting their outcomes. 3-6

Attention to disinfection has been fundamental to asepsis and 
cleaning protocols in the nosocomial setting since the pioneering 
research of Lord Joseph Lister. 7 However, recent years have seen a 
renewed interest in this area, with various authors emphasizing its 
critical role in controlling hospital-acquired infections. 2,8 To this 
end, the use of illumination systems with antimicrobial properties 
has emerged in the clinical context in recent years. 9-11 Blue light 
systems have been suggested as a low-cost and effective method to 
reduce the rate of environmental colonization. Nevertheless, 
evidence supporting their potential in decreasing environmental 
bacterial load is limited, and there are few data regarding their 
clinical impact within hospital settings. In addition, no studies 
have addressed the potential for longitudinal contamination as-
sociated with these methods.
Main objective of this work was to analyze, for the first time, the 

clinical efficacy of a novel blue light system (INTEGRALIS ® — 
Artemide ® , Pregnana Milanese) on the rate of environmental col-
onization and perioperative infections in a neurosurgical department.

METHODS

Study Design and Participants
This clinical trial, approved by the local IRB of a third-level referral 

center in Italy, was conducted in the Department of Neurosurgery in 
2023, following Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines. It included patients of any age and 
sex operated on for head or spine diseases in 2023. Exclusions were recent 
infections or hospitalizations, transfers from neurological wards, central 
nervous system (CNS) infectious diseases, and SARS-CoV-2–positive 
patients. Written informed consent was obtained preoperation. No long-
term follow-up was planned, except for monitoring infections in later 
patients.

Outcomes and Procedures
Outcomes

Main end points were the following: (1) quantifying and com-
paring environmental colonization using sedimentation plates, con-
tact swabs, and air samplings in two identical neurosurgical wards, 1 
with blue lighting and the other with neon lighting and (2) quan-
tifying and comparing clinical infections in the same wards during the

same period. Secondary end points included patient and health-
worker satisfaction with the new lighting system, assessed through 
a questionnaire.

Technical Installation of the Blue Light System
Technical installation of the luminous system occurred in April 2022. The 

system was settled to illuminate with the possibility of switching the anti-
microbial activity from lower (DAY mode, predominantly white light, fol-
lowing European directive UNI EN 12464, lower antimicrobial activity but 
permitting daily activities to health workers and patients) to higher (NIGHT 
mode, predominantly blue light, much higher antimicrobial activity but 
considered not adequate for daily activities in preliminary laboratory tests) with 
time schedulers and according to human presence with the aid of ambient 
sensors. Each lamp was engineered to effectively irradiate the surface areas of 
the rooms in which they were installed, with a blue light irradiance level (mW/ 
cm 2 ) determined through extensive laboratory experimentation. This level was 
established to ensure significant inactivation of exposed bacteria within the 
room environment (unpublished preclinical data available on request). Details 
regarding the radiance spectrum, action protocol, and installation map of the 
lighting system are provided in Figure 1. The luminous system was operated 
continuously as the main luminous source in both occupied rooms and 
common areas whereas normal clinical care and infection control measures 
continued as usual. Specifically, the same cleaning staff operated in blue light 
and neon wards during the study period, with the same cleaning protocol and 
with the same instruments, following common institutional protocols which 
adhere to the World Health Organization and Italian Ministry of Health 
regulations regarding cleaning processes and hand sanitizing in healthcare 
environments. 12 As the main objective was to assess the efficacy of the lu-
minous system in a “live” situation, patients do always have the possibility to 
switch off the blue light system during day time, manually. Safety analysis of 
the complete wavelength emission spectrum of this specific blue light system, 
with reference to relevant international guidelines, confirms the safety of this 
luminous system for clinical use (documents available on request).

Environmental Data Collection
Environmental colonization was quantified in both wards (blue light 

and neon) in areas deputed to the same clinical function (eg, rooms with 
or without private bathrooms; handles to open bathrooms; corridors and 
handrails in areas of passage and daytime work) through:

1. Passive 90-mm Petri sedimentation plates (Agar medium). Plates 
were placed in 12 positions overall, in 3 different areas: (1) a room 
with a private bathroom (4 spots), (2) a room without a private 
bathroom (3 spots), and (3) common areas such as corridors or 
rooms for patients cleaning (5 spots).

2. Active surface contact swab samplings on frequently touched 
contact surfaces (2 spots, common bathroom sink and handrail 
near main doctor’s office).

3. Aerial samplings (Sampler Air System, SAS, continued flow sample 
200 L/min up to 1 m 3 for single sampling) at 150-cm height (1 
spot in 1 patient room) (Figure 2).
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Samplings were conducted at 11 am (after clinical round and right 
before the second cleaning round) in both wards (blue light and neon) 
without altering cleaning protocols, visitor hours, or medical manage-
ment, to reflect real working conditions. To minimize bias from envi-
ronmental variability, samplings occurred at 1 week, 1 month, 5 months, 
and 1 year after the lights were turned on. External personnel (Class 
Solutions ® ) performed analyses over 5 consecutive days, with microbi-
ological assessments based on colony-forming units (CFU) counts after 
48 hours of incubation at 35°C. Both quantitative and qualitative mi-
crobial searches were conducted, targeting S. aureus, A. baumannii, S. 
marcescens, and E. coli.

Clinical Data Collection
Regarding the analysis of the effect of the blue light system on clinical 

outcomes of patients, data were collected in a local institutional da-
tabase, password protected, as usual by the quality management system 
according to the UNI EN ISO 9001:2015 standard adopted by our 
institution. We collected epidemiological and clinical data of patients 
enrolled in both wards, focusing on total number of admitted patients, 
number of patients with symptomatic infections; total days of hospi-
talization (DoH); number of admissions; N° Infected patients/1000 
hospital admissions; N° Infection/1000 hospital admissions; N° In-
fected/10000 DoH; and N° Infections/10000 DoH. In addition, for

FIGURE 2. Map of the environmental samplings. Sedimentation plates were positioned in a room with a private bathroom, in a room without a private bathroom and in
various points in common areas (blue rounds). Surface contact swabs were performed on a handrail and on a door handle in a common bathroom entrance (yellow rounds). 
The air sampling was performed at the center of a patient’s room without bathroom, between two beds at 1-m height (orange round). Legend. Blue rounds: sedimentation 
plates positioning; yellow rounds: surface contact swabs areas; orange rounds: air sampling positioning.

FIGURE 1. INTEGRALIS® spectral emission and mechanism of functioning in different areas. A, Spectral emission of INTEGRALIS® in DAY
modality and in NIGHT modality. B, Patients’ rooms. A scheduler commutes from DAY to NIGHT and to DAY again. DAY mode is on from
6.30 to 22.30. NIGHTmode is on from 22.30 to 6.30. Patients are always able to recommute the mode from NIGHT to DAY and to turn off the 
system, with a manual activation. C, Corridor. A scheduler commutes from DAY to NIGHT and to DAY again. DAY mode is on from 6.30 to 
22.30. NIGHT mode is on from 22.30 to 6.30. During night-time, ambient sensors commute from NIGHT to DAY mode to allow clinical 
activities. After 5 minutes of absence of personnel in the corridor, the scheduler auto-commutes from DAY to NIGHT mode. D, Common and 
private bathrooms; emptying room. NIGHT mode always on, except when people enter in these areas (an ambient sensor commutes from NIGHT to 
DAY, and after 5 minutes of absence of people, the sensor recommutes to NIGHT mode). E, Sample from the analysis of radiance data for a common 
bathroom. Blue arrow depicts the moments of the day where the lights resulted in NIGHT mode, due to the absence of people in the area, whereas the 
white arrow corresponds to radiances in concomitance with human presence in the bathroom.
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each clinically manifested infectious event, data pertaining to culture 
tests were collected, permitting a subcategorization of infectious events 
in: urinary tract infection (UTI), respiratory tract infections, gastro-
intestinal infections, surgical site infections (SSI), bone/soft-tissues 
infections, sepsis, and CNS infections.

Healthcare Professionals’ and Patients’ Satisfaction With the 
New Blue Light System

To assess satisfaction with the new luminous system, a 9-question survey 
was given to patients and staff (physicians, nurses, healthcare workers) in the 
blue light ward monthly for 4 months after the project began. The survey 
focused on visual comfort, perception, and pleasantness of the system, and 
was administered with the light in NIGHT mode to gauge acceptance of the 
blue light system (since the white light is visually identical to neon light).

Statistical Analysis and Role of the Funding Sources
Regarding clinical analysis, incidence rate (infectious events per 10 000 

DoH) between different periods using the Z-test for 2 proportions was 
performed. A Poisson distribution was assumed, and the 95% CIs were 
computed with the “exact” method. Environmental analysis was calcu-
lated using the Pearson χ 2 test with Yates continuity correction. Statistical 
analysis was performed with R version 4.4.0 (R Foundation). For 
quantitative data, the 2-sample t-test was applied. Statistical significance 
was defined as P under 0.05.

The funder of the study (Artemide ® ) had no role in study design, data 
collection, data analysis, data interpretation, or writing of the report.

RESULTS

In total, 977 patients (5765 DoH) and 1252 patients (6332 
DoH) were included, respectively, in blue light and neon wards in 
2023 (10 patients were excluded before analysis due to SARS-
CoV-2 (6) and CNS infections (4)). No difference was found 
regarding sex of patients, with statistical significance found for 
length of surgery and age at surgery (P < .001) (Table 1).
As mentioned, environmental samplings were conducted at

1 week, 1 month, 5 months, and 1 year after turning on the lights, 
with initial samplings at t0 to establish a baseline. A higher incidence 
of plates with a CFU level below 25 CFU/plate threshold (reference 
for a clean hospital area, see in the Discussion) was found in blue light 
ward compared with the neon ward at 1 month (46.2% vs 33.3%, 
P = .26) and, significantly, at 5 months (68.3% vs 42.3%, P = .001, 
Table 2), but not at 1 week (31.0% vs 34.8%, P = .80). No difference 
was observed considering cultures executed for an entire week of 
samplings at the one-year set point evaluation (P = .17). Owing to 
limited results on specific bacteria cultures, these data were not 
included in this article. Clinically, our records showed 26 infections 
in the blue light ward in 2023 (including 5 UTIs, 6 SSIs, and 8 CNS 
infections) and 50 in the neon ward (including 8 UTIs, 26 SSIs, and
6 CNS infections). The overall infection rate per 10 000 DoH was 
lower in the blue light ward (45.1 vs 79.0, P = .02, CI 95% 1.1-2.9), 
with a significantly reduced rate of wound infections (10.4 vs 41.1, 
P = .001, CI 95% 1.6-11.7). No statistical difference was found for 
other infection types (Table 3).
To evaluate the acceptance of the new lighting system, we collected 

monthly data from 15 healthcare professionals and 10 patients, yielding 
a total of 75 and 50 responses, respectively (Supplemental Digital 
Content 1, http://links.lww.com/NEU/E696). Overall, the visual 
perception of the blue light system was deemed acceptable; however, a 
notable number of participants reported experiencing a sense of dazzle 
or flashing, with 77.5% of healthcare professionals and 83% of patients 
indicating such effects. Space perception was rated lower with blue light 
compared with white light, particularly among nurses and doctors, as 
only a mean of 7% of healthcare personnel reported that space per-
ception improved with the blue light system. Aesthetically, 50% of 
patients and 37.7% of healthcare professionals found the new lamps 
appealing. One surgeon reported mild erythematous reactions on both 
forearms while using the DAY mode, which resolved without inter-
vention. No other adverse events were documented.

DISCUSSION

In this work, we demonstrated that blue light technologies may 
represent a safe and viable option to reduce the overall rate of envi-
ronmental microbial colonization and clinical infections in a neuro-
surgical department, when summed to normal cleaning protocols. To 
the best of our knowledge, this is one of the first applications of such a 
technology in a clinical setting and the very first in neurosurgery.
Hospital environments are major sources of nosocomial pathogens. 

Among disinfection methods, blue light (400-470 nm) has

TABLE 1. Baseline Characteristics of the Prospective Cohort

Epidemiological data
Blue light
group

Neon
group

Statistical
comparison

Admissions 977 1252

Hospitalization days 5765 6332 

Sex

Male 501 (51.3%) 625 (49.9%) P = .5524

Female 476 (48.7%) 627 (50.1%) 

Age (y)

>65 244 (25%) 413 (33%) P < .001 a

<65 733 (75%) 839 (67%) 

Length of surgery

>2 h 655 (67%) 551 (44%) P < .001 a

<2 h 322 (33%) 701 (56%)  

Preoperative ASA class

>/=3 0 (0%) 0 (0%) N/A  

<3 977 (100%) 1252 (100%) 

N/A, not available.
Data are absolute numbers and (%). P < .05 (bold) was considered significant, χ 2 test. 
a Ten patients excluded.
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TABLE 2. Environmental Results at the Different Time Checkpoints

Intervals of
CFU per plate
24 cm 2

1 week 1 month 5 months 1 year

Total no. of
samplings

Absolute
numbers

Incidence
for 100

samplings
Absolute
numbers

Incidence
for 100

samplings
Absolute
numbers

Incidence
for 100

samplings
Absolute
numbers

Incidence for
100 samplings

Blue light 
group

0-15 5 31.034 483 10 46.15 385 18 68.33 333 18 32.0

16-25 13 14 23 6

26-50 13 22.413 793 3 5.769 231 12 20 32 42.66 667

>50 27 46.551 724 25 48.07 692 7 11.66 667 19 25.33 333

Total
samplings

58 100 52 100 60 100 75 100 245

Neon group

0-15 9 34.848 484 9 33.333 333 15 42.30 769 18 44.615 384

16-25 14 8 7 11

26-50 21 31.818 181 5 98. 039 215 14 26.92 307 16 24.61 538 462

>50 22 33.333 333 29 56.862 745 16 30.76 923 20 30.8

Total
samplings

66 100 51 100 52 100 65 100 234

CFU, colony-forming units.
Data are reported as absolute numbers and incidence for 100 samplings (%).

TABLE 3. Infections Occurred in Blue Light and Neon Groups in 2023

Type of infection

Blue light
2023

Absolute numbers (n of infections/
10000 DoH)

Neon
2023

Absolute numbers (n of infections/
10000 DoH)

Statistical comparison
(z-statistic)

Urinary tract infections 5 (8.67) 8 (12.63) 0.507

Urosepsis 1 (1.73) 0 (0.0) 0.295

Respiratory tract infections (upper 
and lower)

1 (1.73) 1 (1.58) 0.947

Gastrointestinal infections 0 (0.0) 1 (1.58) 0.340

Surgical site infections 6 (10.4) 26 (41.06) 0.001 a

Bone and soft tissues infections 1 (1.73) 5 (7.90) 0.128

Sepsis 4 (6.94) 3 (4.74) 0.615

Central nervous system infections 8 (13.88) 6 (9.48) 0.477

Total 26 (45.1) 50 (79.0) 0.019 a

DoH, days of hospitalization.
Data are absolute number and incidence rate (number of infections per 10 000 DoH). 
a P < .05 with Z statistics was considered to be significant.
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demonstrated antimicrobial activity, 13 particularly at 405 nm. 14 Al-
though less germicidal than ultraviolet-C light (100-280 nm), blue 
light selectively inactivates pathogens without harming human cells, 
offering a safer alternative. 15 These methods affect microbial growth 
through indirect mechanisms, such as photodynamic therapy, which 
generates reactive oxygen species, 16 or through direct photo-
disinfection. 17,18 The INTEGRALIS ® system complies with all in-
ternational safety protocols, ensuring that its antimicrobial output 
poses no blue light hazard in occupied environments. The 405-nm 
wavelength is biocidal but below the harmful blue light wavelengths 
(440 nm, associated with photoretinitis, and 480 nm, which affects 
circadian rhythm). 19

Preclinical studies have demonstrated the safety and efficacy of 
violet-blue light (VBL). Halstead et al 20 found that 71% of 34 
bacterial strains exhibited a decrease of over 5 logarithmic units when 
irradiated with 54 to 108 J/cm 2 , revealing a significant correlation 
between VBL sensitivity and the bacteria’s ability to produce thicker 
biofilms. Similarly, Kumar et al 21 analyzed the sensitivity of various 
bacterial pathogens toward irradiation with progressively longer 
wavelength lights (405-460-520 nm) in relation with different ex-
posure times and irradiation distances, finding that 405-nm light 
significantly reduced the microbial populations, whereas 460-nm and 
520-nm lights produced only partial or no photodynamic inacti-
vation. Other authors confirmed the inactivating power of VBL 
against bacterial strains and mycotic pathogens more frequently 
associated with nosocomial infections, such as methicillin-resistant 
staphylococci, Clostridium difficile, and Candida albicans. 22-25

The clinical significance of these results is complex because of the 
less controllable nature of clinical environments, which include 
confounding factors such as local host defense mechanisms. Variability 
in microenvironments (eg, temperature, aeration) complicates stan-
dardization, diminishing the relevance of preclinical findings. Limited 
studies have examined VBL in clinical settings. Bache et al found that 
405-nm high intensity-narrow spectrum–light environmental de-
contamination system reduced surface bacteria by 22% to 86% in a 
13-bed burn unit, 26 whereas Maclean reported a 90% reduction in 
unoccupied isolation rooms and a 56% to 86% reduction in rooms 
occupied by methicillin-resistant staphylococci patients. 6

Our environmental data align with previous findings. Although no 
statistical difference was found at 1 year, the blue light ward had a higher 
percentage of plates with CFU below the 25 CFU/plate threshold 
compared with the neon ward, particularly at 5 months (68.3% vs 
42.3%, P = .001). Specifically, the 25 CFU threshold follows Italian 
Ministry of Health regulations for hospital disinfection. Although 15 
CFU applies to surgical theaters and angiographic rooms, 25 CFU is set 
for sterilization centers and clean areas. No thresholds exist for adjacent 
environments such as doctors’ offices or wards, so our data may be 
underestimated because of this strict standard, which is atypical for a 
surgical ward. As a further step, for the first time, we examined whether 
reduced environmental colonization correlated with fewer clinical in-
fections. In 2023, the blue light ward had fewer infections per 10 000 
DoH (P = .019) and significantly fewer wound infections compared 
with the neon ward (P = .001). Interestingly, the types of infections that 
were reduced the most were infections that could be associated with

possible external garrisons, such as SSI infections, further increasing the 
clinical interest that these lamps may add to neurosurgical field and to 
surgery in general. Regarding the latter aspect, we think that this finding 
may be partly justifiable through the bactericidal effect that blue light 
treatment exerts not only on environmental surfaces but also on devices, 
such as external ventricular/spinal leads, and during surgical scar 
medications in the ward. We voluntarily did not compare 2023 results 
with historical results in our institute since, from a preliminary analysis, 
every year is very different regarding number and types of infections. 
Hence, we felt that this comparison would have created a huge selection 
BIAS, difficult to be corrected.
As a last aspect, this blue light system, in its NIGHT mode, was 

sufficiently well accepted among healthcare professionals and patients, 
except for what concerns depth perception, that was considered in-
sufficient from patients, and, especially, healthcare professionals.

Limitations
Such study owes clear limitations. Regarding environmental sam-

plings, it should be stated that in blue light and neon ward, the same 
vascular and oncological pathologies are currently treated but by 
different surgeons. This, for sure, represents a frank selection BIAS 
because every surgeon, by himself, may be linked to a different number 
of complications and, consequently, of infections. 27 After this aspect, it 
should be underlined how a blindness of the staff to the use of blue 
light lamps was not possible, as a consequence of the design of the 
study. Lamps were installed in only 1 ward. This aspect could have, 
hypothetically, motivate people (sanitary and cleaning staffs) to operate 
better in this specific ward. Nevertheless, we are confident that this 
aspect should be mitigated by the fact that both medical/nurse activities 
and cleaning staff processes were carried throughout the entire length of 
the study following common institutional protocols, not introducing 
any difference in common practice. From an architectural perspective, 
we selected the most comparable areas between the two wards (rooms 
with identical functions, similar sun exposure, ventilation, and bath-
rooms). Sampling was conducted consistently in the same locations 
and times, following the same cleaning protocols without altering our 
usual activities. However, we cannot claim that neon light rooms are 
exact replicas of their blue light counterparts. Nevertheless, this aspect 
was taken into consideration when designing the study, given that we 
performed controls ad t0 in both wards. In addition, we are aware that 
the two groups could not be considered completely equivalent, as 
depicted in Table 1. Nevertheless, it should be underlined how blue 
light ward patients were submitted, overall, to longer surgeries in 
respect to neon ward (P < .001) and this aspect may be considered, in 
turn, a strength point of our work. It is known that the progressive 
length of a surgery is a known factor linked to a higher risk of 
perioperative infections. In this light, finding a clear antimicrobial 
property exactly in the ward with a higher “a priori” risk of infections 
further increases the interest regarding our results.
Despite the limitations, our primary goal was to evaluate this 

blue light system in real-world conditions. This study is one of the 
few to assess both its environmental and clinical impacts in a 
hospital, with more extensive and longitudinal environmental 
sampling than similar research. 1,28-30 Further studies with longer
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durations, larger patient groups, and broader settings (eg, In-
tensive Care Unit) are needed.

CONCLUSION

Nosocomial infections in vulnerable patients, such as those in 
neurosurgery, remain a significant health and economic issue. Our 
data showed a reduction in environmental bacterial loads and 
CNS and SSI infections in a neurosurgical ward using a blue light 
as the main light source. This suggests that blue light systems may 
help contain infections in clinical settings.
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COMMENTS

T his interesting industry-funded study compares the burden of en-
vironmental contaminants and postoperative wound infections in 

two separate neurosurgical wards over a 1-year period. One ward was 
fitted with a special 405-nm blue light system with antimicrobial 
properties and the other with standard neon lighting. The blue light ward 
patients experienced statistically fewer wound infections, and environ-
mental contaminants were measurably lower.

The prospect of a simple, passive, and presumably low-cost technology 
that mitigates the risk of postoperative infection is enticing. This study 
introduces an option that may hold promise. It is hard to imagine, 
however, that it would be possible to blind the hospital personnel to the 
use of the blue light, and therefore, performance bias cannot be

completely excluded. For example, despite the expectation of adherence 
to standard protocols, staff might be more vigilant with hand washing and 
surface cleaning in the blue light ward. It also seems that patients were not 
randomized to one unit or the other, and therefore, there could be some 
selection bias.

Still, the blue light technology seems like an obvious application of a 
long-known antimicrobial property of short wavelength light. It will be 
interesting to see if the results improve as the understanding of ideal dose 
and delivery improve. The blue light is close to the ultra violet spectrum 
and may have some harmful effects with long-term exposure. The authors 
should be encouraged to further their study.

Joel D. MacDonald 
Salt Lake City, Utah, USA
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