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Research has shown that wearing jewelry is a significant contributor to hand 
contamination in the health care setting. However, none of the available studies have 
actually tested the jewelry of the test participants. Nor has the previous research tested 
methods to reduce the bacteria loads on the jewelry. This article discusses the research 
evidence surrounding jewelry recommendations and the Pilot Study that was conducted 
at a partner hospital. The study is designed to look at issues, such as bacterial carriage, 
contributions to outbreaks of infection and jewelry’s interference with proper hand 
hygiene practices.

The Nightingale Project was designed to test the theory that jewelry can be a breeding ground and repository for high bacteria 
loads thus significantly increasing the potential of the wearer to be a carrier of pathogenic bacteria. Health care workers (HCW) 
are at increased risk to being exposed to bacteria regularly in their work environment. Additionally, the Pilot study tests the Ringer 
System, a safe, convenient jewelry cleaning device developed by DHB Ventures Group and DEKA Research and Development. The 
Pilot Study tests the Ringer System’s efficacy of reducing bacteria loads.

“It may seem a strange principle 

to enunciate as the very first 

requirement in a hospital that it 

should do the sick no harm.”

— Florence Nightingale

Abstract of the Nightingale Project by the DHB Venture Group

The Nightingale Project designed to test the 
reduction of bacteria with the newly developed 
Ringer System David Bellman G.G, Dana Gagnon, and Hillary LeDuc

Background: Research has shown that hand hygiene contributes to the spread of disease 
and infection. Wearing jewelry can contribute to the amount of bacteria found on the 
hands of health care workers. The Pilot study evaluated the efficacy of the newly developed 
Ringer System on reducing the amount of bacteria loads.

Aim
To substantiate the risks associated with wearing jewelry in a hospital environment.

Methods
Six health care workers volunteered to be part of the Pilot Study. Their jewelry was 
collected and tested using the Hygiene EnSure System and ATP levels were recorded. The 
jewelry was then placed in the Ringer System; 10ml of antibacterial solution and placed in 
the dishwasher, which included standard dish washing detergent. The jewelry was given 
back to the health care workers; after a week the jewelry was tested again and the ATP 
levels recorded. This process was repeated once more a week later.

Results
The Ringer System consistently reduced the amount of bacteria found on the jewelry 
of the health care workers. At initial testing, the Hygiene EnSure System indicated the 
jewelry was Dirty to Filthy before cleaning and after cleaning ranged from Ultra Clean to 
Very Clean.

Conclusion
The study shows that cleaning and sanitizing jewelry in the Ringer System significantly 
reduces the amount of bacteria on jewelry and therefore, reducing the number of 
pathogenic bacteria that can be spread throughout a hospital by its employees.

“Of the trillion dollars that’s spent 

on the largely preventable disease, 

88% is spent on treating the 

symptoms.  We’re spending 4% on 

prevention. Doesn’t that ruffle your 

feathers a bit?”

—



Seth Braun on the economic state 
of medicine
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Hand hygiene is an area of study focusing on sanitary practices and habits relating to hands in an effort to reduce the spread of 
bacterial pathogens. Hand hygiene has been found by many clinical studies of healthcare professionals to be a leading cause of 
hand contamination, which leads to the spread of transient bacteria including pathogenic organisms such as Staphylococcus 
aureus including Methicillin-resistant S. aureus, Candida species, Vancomycin-resistant Enterococci and Gram-negative bacilli. 
Poor hand hygiene significantly increases the spread of pathogenic transient bacteria potentially causing Community Acquired 
Infections (CAI) and Hospital Acquired Infections (HAI). This paper will focus on Hospital Acquired Infections.

Hospital Acquired Infections are the #1 
environmental cause of death in America and #4 
among all causes behind modifiable behavioral 
causes tobacco consumption, poor diet and 
inactivity and alcohol consumption. Nosocomial 
infections, another name for HAIs, kill more people 
in our country each year than car accidents, fires 
and breast cancer combined. [13] Similar data 
have also been reported in Europe. [15] Currently 
in the United States, a patient dies of a hospital 
acquired infection every six minutes. [14] The 
annual medical costs of HAIs in U.S. Hospitals are 
estimated to be between $28 and $45 billion. [1] 
The Center for Disease Control (CDC) estimates 
that there were 1.7 million HAIs and 99,000 deaths from HAIs in 2002 and that 1 in 20 patients admitted to the hospital acquire 
some form of HAI. [2] Of the 99,000 deaths, 20,000 are directly contributed to poor hand hygiene. Infections that patients 
get in the hospital can be life-threatening and hard to treat. It is well documented that the vast majority of all 
nosocomial infections are transmitted by contact from patient to patient via the hands of healthcare workers 
(HCWs) and that hand hygiene is one of the most important ways to prevent the spread of infection. [17].

Reducing the occurrence of cross infection in all institutional settings is a priority, it not only 
jeopardizes patient health but has an economic impact as well. These infections affect 
the general health of patients and they are also a huge burden financially. The 
greatest contributor to these costs are the increased stays that patients with 
nosocomial infections require. The increased length of stay varies from 
3 days for gynecological procedures to 19.8 days for orthopedic 
procedures. Other costs include additional drugs, the 
need for isolation, and the use of additional studies. 
There are also indirect costs due to loss of 
work. [18]

In 2002, 99,000 deaths from Hospital Acquired Infections

AIDS, Car Accidents, and Breast Cancer totals 87,563

Hand Hygiene

Hospital Acquired Infections

FINANCIAL STATISTICS

The annual medical costs 
of HAIs in U.S. Hospitals 
are estimated to be 
between $28 and 
$45 billion.

MEDICAL COSTS

$28 to $45 billion dollars
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Hospital Acquired Infections cont.

Nosocomial Infections are characterized as an infection 
whose development is favored by a hospital environment, 
such as one acquired by a patient during a hospital visit or 
one developing among hospital staff. Such infections include 
fungal and bacterial infections and are aggravated by the 
reduced resistance of individual patients [3]. The increased 
risk factors of hospital patients are three fold [4]:

• People in hospitals are usually already in a poor state of 
health, impairing their defense against bacteria – advanced 
age or premature birth along with immunodeficiency 
(due to drugs, illness, or irradiation) present a general 
risk, while other diseases can present specific risks - for 
instance, chronic obstructive pulmonary disease can 
increase chances of respiratory tract infection.

• Invasive devices, for instance IV access devices, catheters, 
surgical drains, and tracheostomy tubes all bypass the 
body’s natural lines of defense against pathogens and 
provide an easy route for infection. Patients already 
colonized on admission are instantly put at greater risk 
when they undergo an invasive procedure.

• A patient’s treatment itself can leave them vulnerable to 
infection – immunosuppression and antacid treatment 
undermine the body’s defenses, while antimicrobial 
therapy (removing competitive flora and only leaving 
resistant organisms) and recurrent blood transfusions 
have also been identified as risk factors.

• Many types of HAIs or Nosocomial Infections are drug 
resistant such as Methicillin-resistant S. aureus (MRSA) 
and Acinetobacter. Due to the ineffectiveness of 
modern antibiotics on these bacteria, these infections 
are particularly challenging to treat and often lead to 
increased patient suffering, costs to treat and possibly 
even the death of the patient. In the United States, during 
the 5–year period from 1997 through 2001 the portion 
of methicillin-resistant S aureus causing nosocomial 
infection continuously increased from 22.4% to 38.7%. 
[12].

Current Hand Hygiene Guidelines
Healthcare providers should practice hand hygiene at key points 
in time to disrupt the transmission of microorganisms to patients 
including: before patient contact; after contact with blood, body 
fluids, or contaminated surfaces (even if gloves are worn); before 
invasive procedures; and after removing gloves (wearing gloves 
is not enough to prevent the transmission of pathogens in 
healthcare settings). Current CDC recommendations include [2]:

1. When hands are visibly dirty or contaminated with 
proteinaceous material or are visibly soiled with blood 
or other body fluids, wash hands with either a non-
antimicrobial soap and water or an antimicrobial soap and 
water

2. If hands are not visibly soiled, use an alcohol-based hand 
rub for routinely decontaminating hands in all other clinical 
situations

Additionally, the World Health Organization additionally 
discourages the wearing of jewelry

It is likely that poorly maintained (dirty) rings and jewelry might 
harbor microorganisms that could contaminate a body site 
with potential pathogens. Hand hygiene practices are likely 
to be performed in a suboptimal way if voluminous rings or 
rings with sharp edges or surfaces are worn. The consensus 
recommendation is to strongly discourage the wearing of 
rings or other jewelry during health care. If religious or cultural 
influences strongly condition the HCW’s attitude, the wearing 
of a simple wedding ring (band) during routine care may be 
acceptable, but in high-risk settings, such as the operating 
theatre, all rings or other jewelry should be removed.

However, despite recommendations and guidelines for 
healthcare workers to not wear jewelry during their shifts, 
many still do. Ward (2006) found 61% of clinical staff wore 
inappropriate jewelry [6].

Jewelry and Hand Contamination
Observation is often used to assess the wearing of rings and 
other jewelry. The relationship between wearing rings and the 
transmission of microorganisms is still unclear. The CDC guideline 
has categorized this as an “unresolved issue” in need of additional 
research [2]; the draft WHO guidelines also do not have a stated 
recommendation against the wearing of rings but note that “the 
consensus recommendation is to discourage the wearing of rings 

Nosocomial Infections 
Increase stays from 3 
days to 19.8 days.

Additional days 
increases the financial 
burden on patients.
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or other jewelry during health care.” [5] A number of 
studies have shown that ring wearing increases the 
likelihood of bacterial contamination; in particular 
these studies have demonstrated that the skin under 
rings can be more heavily colonized than areas of the 
skin without rings and can be a major contributor to 
hand contamination.

Trick et al. (2003) studied 66 surgical intensive care 
unit nurses, culturing each staff nurse’s hands before 
and after he or she performed hand hygiene; they 
found that wearing rings was associated with a 10-
fold higher median count of skin microorganisms, especially with yeast species or Gram-negative bacilli and a stepwise increase risk of 
contamination with any transient organism as the number of rings worn increased [7].

Another study states that rings were the only substantial risk factor for carriage of Gram-negative bacilli and S. aureus on the hands 
(Hayes, 2002) [8] . Salsbury et al (1997) found that there was a higher reduction after hand washing by healthcare workers without rings 
than by those with rings [9]. The study included 100 hospital health care workers who worked on general medical and surgical units, 
excluding those who had used antimicrobial soap in the previous two weeks, had artificial nails, or were receiving antibiotics. Each health 
care worker who wore rings was paired with a worker from the same unit who did not wear rings. Cultures were taken from the solution 
poured over each health care worker’s hands as they performed a 60-second friction rinse, done both before and after a routine hand 
wash. Mean total colony counts for those who wore rings were higher before and after hand washing.

Hoffman et al (1985) reports that mean bacterial counts were higher on ring-wearing fingers (1600 compared to 180 for non-ring 
wearing fingers) [10]. The survey included 50 nurses working on medical and surgical wards who permanently wore rings and studied the 
microorganisms isolated from skin under the rings. Forty percent of these nurses (20 nurses) had Gram-negative bacilli on the skin under 
their rings, and 16 of these 20 nurses still had most strains each time the nurses were sampled during the five-month study.

A similar study found that even after washing hands with povidone-iodine, those with rings had higher bacterial counts than those 
without (Wongorawatt, 2007) [11].

A study conducted on 66 surgical intensive care unit nurses.

Jewelry Hygiene
Jewelry Hygiene is an area of study focusing on sanitary practices 
and habits relating to jewelry in an effort to reduce the spread of 
bacterial pathogens in particular jewelry’s effect on hand hygiene. 
There are four key elements to optimally sanitizing jewelry: steam, 
hot water, water pressure and an anti-bacterial cleaning agent. 
To maintain visibly clean and sanitized jewelry, Jewelry Hygiene 
pioneer David Bellman G.G recommends each piece of jewelry 
be cleaned at least once every two weeks. “Jewelry worn in an 
everyday setting acts as repository for everything you touch, 
door handles, food preparation, any public place. Your jewelry 
then becomes a carrier for any potential pathogenic bacteria 
you come into contact with. The research has shown that even 
common methods of hand washing do not get the jewelry clean. 
This is of particular concern for Healthcare Workers as they, more 
specifically their jewelry, become potential vehicles for the spread 
of harmful bacteria.”

Currently, the best way to keep jewelry visibly clean and sanitized 
is to bring it to your local jeweler to have it professionally cleaned 
with equipment costing in excess of $5000. Very few people find 
this option viable due to the inconvenience, however current in-
home options are very limited and are essentially ineffective in 

leaving the jewelry visibly 
clean or sanitized or both. 
In an effort to provide a 
convenient and affordable 

solution to the jewelry-cleaning problem, DHB Ventures Group 
and DEKA Research and Development have partnered to design a 
Jewelry Cleaning System named the Ringer System for healthcare 
workers to use in their home or office kitchen.

DHB Ventures group has conducted a number of initial studies 
including visual inspection with a high-powered magnifying lens 
as well as Standard Plate Count tests of jewelry. These studies 

Nurses after performing 
hand hygiene, not 
wearing jewelry.

Nurses after performing 
hand hygiene, wearing 
jewelry.

10 x increase in 
microorganisms.
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have been conducted to specifically 
investigate the efficacy of jewelry 
hygiene methods on control of micro-
organisms. These results have been 
obtained in non-hospital settings, and 
are generalizable to anyone who wears 
rings and other jewelry. The standard 

plate count results, conducted by an independent lab, found most 
jewelry items to contain high levels of microorganisms. These 
results are preliminary, and do not identify species-specific data. A 
pilot study at a partner hospital was conducted to specifically test 
the jewelry of health care workers and the efficacy of the Ringer 
System. The Pilot Study is detailed below.

Pilot Study Methods:
Testing Procedures

Six health care workers volunteered to be part of the Pilot Study. 
Initially, their rings were collected and placed in labeled envelopes. 
A technician wearing gloves collected the rings. They were each 
tested using the Hygiena EnSURE system and ATP levels were 

recorded. If a volunteer had more 
than one ring on the same finger, the 
rings were swabbed together and 
considered one piece. The rings were 
then photographed.

Later that evening, the rings were 
placed in the newly developed Ringer 
System; 10ml of an anti-bacterial 
agent, with the active ingredient 
Surcide PCMX-USP (0.05%), was 
dispensed in a small compartment 
located on top cover of the Ringer 

Unit. The Ringer Unit was placed in the dishwasher to run the 
normal 129 minute cycle, which included a standard dishwashing 
detergent.

After being cleaned in the dishwasher, the rings were tested again 
using the same Hygiena EnSURE system and ATP levels were 
recorded. The rings were given back to the health care workers 
the following morning the volunteers were instructed to wear 
their jewelry as usual.

One week later, the health care workers returned to have the 
ATP levels tested again with the Hygiena EnSURE system and 
ATP results were recorded. The rings were swabbed with gloved 
hands at the hospital and given back to the healthcare workers 
immediately to wear as usual for an additional week.

One more week later or two weeks after the initial test, the health 
care workers returned to have the ATP levels tested again with 
the Hygiena EnSURE system and ATP results were recorded. The 
rings were swabbed with gloved hands at the hospital and given 
back the healthcare workers immediately to wear as usual for an 
additional week.

One more week later or two weeks after the initial test, the health 
care workers returned to have the ATP levels tested again with the 
Hygiena EnSURE system and ATP results were recorded. The rings 
were swabbed with gloved hands at the hospital and given back 
the healthcare workers immediately to wear as usual.

ATP Testing System
The Hygiena EnSURE was the instrument used to collect, analyze, 
and report the ATP levels. The Ultrasnap/Aquasnap swab tests 
made for the Hygiena EnSURE system were utilized to measure 
the ATP levels on each piece of jewelry. ATP or Adenosine 
Triphosphate is an organic molecule that is used by living cells 
as energy. Cells including bacteria, yeast, and mold cells produce 
and break down ATP in order to drive several biological processes. 
If ATP is present on a surface, it indicates that the surface is not 
clean and could contain numerous bacteria. The presence of ATP 
can also indicate that bacterial growth is supported.

Ultra-Clean
Sterile surfaces and food prep areas 0-10

Very Clean
Critical touch points 11-30

Hygiena Suggested ATP Levels of Clean

Good Clean
Floor req’mt, and typical microfiber towel 
performance

31-80

Somewhat Dirty
Caution: Surface should be cleaned and 
has some risk of contamination from 
disease-causing bacteria (typical mop-
ping practices perform in this range)

81-200

Dirty
Warning: Surface needs cleaning and 
has medium risk of contamination from 
disease-causing bacteria

201-500

Very Dirty
Danger: Surface needs cleaning and 
has medium to high risk of contamina-
tion from disease-causing bacteria

501-1000

Filthy
Danger: Surface needs cleaning and 
has high risk of contamination

1000 >

The Hygiena EnSURE luminometer system works by detecting 
small amounts of light generated from chemical reactions that 
take place after a sample is taken. An ATP reaction looks like:
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Luciferin/Luciferace (buffer) + ATP= Light
The Hygiena EnSURE numeric readings are displayed as Relative 
Light Unit (RLU) values. The light produced by the Luciferin/
Luciferace and ATP reaction produces light in the form of photons. 
Photons are a particle and the basic unit of light. The Hygiena 
EnSURE system detects the photons and converts them into RLU 
values. The more light, the higher the RLU reading. The higher the 
RLU readings are, the higher the amount of contamination on the 
sample.

To perform each ATP test, a swab is removed from a new test tube 
and rotated on the surface of one piece of jewelry to capture a 
sample. Once the swab (sample) is placed back in the test tube, 
the plastic Snap Valve is broken to release the buffer down the 
swab shaft. While in the buffer reagent, any ATP contained on the 
swab is released. The ATP is now available to react. The test tube 
is shaken for 5 seconds and then placed in the Hygiena EnSURE 
device and the lid is closed. The EnSURE device is held upright 
until a number is available. If ATP is present, light is produced and 
reflected in the number.

Anti-baterial Cleaning Agent
The Ringer System utilizes an anti-bacterial cleaning agent with 
the active ingredient Surcide PCMX-USP (0.05%). Surcide PCMX-
USO is a broad spectrum antimicrobial which is effective against 
bacteria (both Gram positive and Gram negative) and fungi (yeast 
and molds). It is bactericidal in addition to bacteriostatic, and is 
used to formulate a variety of antimicrobial handwash products.

Ringer Unit
The Ringer Unit is a device developed by DHB Ventures Group 
and designed by DEKA Research and Development as the main 
component of the Ringer System. The unit used in the testing is 
a prototype. The Ringer Unit utilizes the dishwasher dishwasher 
detergent plus the anti-bacterial agent to create an environment, 
which is capable of sanitizing jewelry. The unit is designed to 
securely hold the jewelry though the dishwasher process and is 
also designed to be conveniently and easily used in the home or 
office dishwasher.

Pilot Study Results:
The results of the initial testing showed that ATP levels on the 
participants’ rings ranged from levels that indicated that they 
were Dirty to Filthy before cleaning and after cleaning, ranged 
from Ultra Clean to Very Clean. Photographs of the rings before 
the cleaning show built up grime and debris, especially in areas 
underneath the stones and in most crevices.

Figure 1. Actual photo of a 
ring before it was placed in 
the Ringer System.

Figure 2. Actual photo of a 
ring after it was placed
in the Ringer System.

The initial phase of testing show significant bacterial colonization 
with 5 of 6 rings measuring Very Dirty to Filthy and 4 of 6 rings 
measuring Filthy. The average reading was an ATP score of 1,250 
meaning the rings average above a rating of Flithy. After cleaning 
the jewelry with the Ringer System the average reading was 20 
meaning an equivalent rating of Very Clean or sanitary. Additionally, 
6 of 6 rings rated clean or better with 4 of 6 rating Very Clean 
(sanitary) or better and 3 of 6 rating Ultra Clean (sterile).

The results of testing 1 week after cleaning displayed an increase in 
bacterial colonization with only 1 of 6 rings rating clean or better. 
Additionally, 4 of 6 rings rated Somewhat Dirty or worse with 2 of 6 
rings rating Dirty, with an average rating of 146, the equivalent of a 
Somewhat Dirty rating.

The results of testing 2 weeks after cleaning again displayed a 
continued increase in bacterial colonization with no rings rating 
clean or better. Additionally, 5 of 6 rings rated Dirty or worse with 
1 of 6 rings rating Very Dirty, with an average rating of 343, the 
equivalent of a Dirty rating.

Week 3 and 4 figures are estimates and were extrapolated using a 
linear growth estimate based on the growth from week 1 to week 
2. It is estimated that the average rating would be 540 and 737 for 
week 3 and 4 respectively with both rating falling in the very dirty 
range.
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Pilot Study Conclusion:
The goal of hand hygiene is a sufficient reduction of microbial 
counts on the skin to prevent cross-transmission of pathogens 
among patients. Our study shows that cleaning and sanitizing 
jewelry in the Ringer System can reduce the number of bacteria 
on jewelry and therefore, also likely reducing the number of 
pathogenic bacteria or antimicrobial-resistant organisms that can 
be spread throughout a hospital by its employees. Additionally, 
the results show that bacteria colonization of jewelry increases 
significantly in a very short period of time, thus demonstrating 
the need for regular jewelry sanitization with a device such as the 
Ringer System.

Discussion:
The published research appears to show that jewelry is a 
significant vehicle for the transmission of pathogens and a driver 
of hand contamination [6] [7] [8] [9] [10] [11]. The results of the 
pilot study support the previous research. The results of the Pilot 
Study were conclusive that a full clinical trial and further study 
focusing on the jewelry of healthcare workers is warranted. It is 
recommended that future studies also conduct strain specific 
tests to better understand the potential for transmission of 
pathogenic bacteria. Further, it is also recommended to test the 
efficacy of the Ringer System over a longer period of time with 
three test groups: a group that does not use the Ringer System, a 
group that uses the Ringer System once at the start of the study, 
and a group that uses the Ringer System regularly throughout 
the study.

Additionally, current behavior change methodologies 
(regulations, guidelines, polices, etc) to get healthcare workers to 
not wear jewelry has proven ineffective [6]. It is recommended 
that alternative methods of behavior modification be considered, 
specifically, identifying a way for healthcare workers to best clean 
their jewelry on a regular basis. Hurdles to adoption of behavior 
modification practices would likely be convenience, affordability, 
and a proper support/follow-up system such as implementing an 
auditing protocol using the Hygiena EnSURE system for periodic, 
random ATP testing.
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