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Abstract 

Healthcare associated infections (HCAI) are a major problem in healthcare today. Preterm 
infants have problems keeping their body temperature within normal boundaries due to heat-
loss. They therefore need special care that is administered with the help of incubators, which 
help minimise the heat loss via convection. Within neonatology the incubator has been 
identified as one of the contributing factors to HCAI due to the warm and humid 
environment, making it easy to spread nosocomial flora.  

To assess if the incubator is a factor in the spreading of HCAI this project has focused on 
ATP+AMP (total ATP) luminescence measurements to find areas in the incubator that are 
likely to contribute to the spread of HCAI and suggesting solutions to some of these. 
Adenosine triphosphate (ATP) is found in both organic debris and bacteria and is therefore a 
good indicator of a problem area due to organic debris acting as nutrients. Only the 
incubator box of the Giraffe® OmniBed® incubator was studied. 

The cleaning process was observed on multiple occasions and together with interviews 
resulted in a number of 29 hypothesised problem areas, on or within the incubator box, that 
were measured before and after cleaning. The results show that incubators collect a 
substantial amount of total ATP during its use. Measurements also show that parts that are 
cleaned by a disinfector are cleaner than those parts that are cleaned manually. Areas on the 
main compartment became more contaminated after cleaning which further indicated that 
the design of the incubator needs improving. It was also concluded that there often was 
residue from soap left on the surface of the main compartment resulting in inhibition of the 
total ATP luminescence reaction. This resulted in unrealistic low values due to the inclusion 
of foam and soap in the sample and as a result 45 out of 570 measurements were excluded. 
Caution is advised when using the Kikkoman total ATP luminescence method, especially on 
the main body (chassis) of the incubator.  

A steam vapour cleaner and flask cleanser brush could be used to better reach and clean 
areas such as cavities and around the bed heating element. The use of the steam vapour 
cleaner could also diminish or eliminate the use of surface disinfectant that causes red 
irritated eyes and dizziness in the cleaning staff. The functionality of the incubator was found 
to be excellent but major improvements can be made in the incubator design to make the 
cleaning of the incubator easier. 
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Sammanfattning 

Vårdrelaterade infektioner (VRI) är ett stort problem inom vården idag. För tidigt födda barn 
(prematurer) har problem att hålla sin kroppstemperatur inom normala gränser på grund av 
ökad värmeförlust. De behöver därför särskild vård som ges med hjälp av kuvöser, vilka 
bidrar till att minimera värmeförluster som sker via konvektion. Kuvösen som används inom 
neonatologin har identifierats som en av de bidragande faktorerna till VRI på grund av den 
varma och fuktiga miljön,  vilken gör det lätt för mikroorganismer att föröka sig. 

För att bedöma i vilken utsträckning kuvösen är en faktor i spridningen av VRI har detta 
examensarbete genomfört ATP+AMP (total ATP) luminiscens-mätningar för att på så vis 
möjliggöra identifieringen av problemområden i kuvösen samt presentera lösningar till en del 
av dessa. ATP återfinns i både organisk materia och bakterier och är därför en bra indikator 
på ett problemområde på grund av att organisk materia agerar som näringsämne för 
bakterier. Enbart kuvösboxen tillhörande Giraffe® OmniBed® kuvösen testades i denna 
studie. 

Rengöringsprocessen av kuvösen observerades vid ett flertal tillfällen. Tillsammans med 
intervjuer resulterade detta i 29 förmodade problemområden belägna på eller inne i 
kuvösboxen. Dessa ställen mättes före och efter rengöring. Studien utfördes på 
neonatalavdelningen på Karolinska sjukhuset i Solna. 

Mätningar visade att delar som rengörs med en diskdesinfektor är mindre kontaminerade än 
de delar som rengörs manuellt. Flertalet områden på karossen blev mer kontaminerade efter 
rengöring vilket indikerade att utformningen av kuvösen behöver förbättras. Det var ofta 
tvålrester kvar på ytan av karossen, vilket resulterade i hämning av total ATP luminiscens-
reaktion. Detta ledde till orealistiskt låga värden och att 45 av 570 mätningar exkluderades. 
Försiktighet bör iakttas vid användning av total ATP luminiscens-metoden, med Kikkomans 
LuciPac Pen, då sannolikheten för tvålrester ökar vid mätningar på karossen i kuvösen.   

En ångrengörare och flaskborste skulle kunna användas för att bättre nå och rengöra 
problemområden, såsom hålrum och runt värmeelementet i botten av chassit. Dessa redskap 
behöver dock utvärderas i framtida studier. Användningen av ångrengörare kan också minska 
eller eliminera användningen av ytdesinfektion, som orsakar röda irriterande ögon och yrsel 
hos städpersonal, om effektiviteten uppmätts hålla sjukhusets krav på renhet. 
Funktionaliteten hos kuvösen fanns vara utmärkt, men förbättringar behövs i utformningen 
av kuvösen för att möjligöra effektivare, lättare och bättre rengöring. 
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1 Introduction 

Healthcare associated infections (HCAI) are a major problem in healthcare today. A literature 
study by Allegranzi [1], funded by the World Health Organisation (WHO), shows that HCAI 
occurs all over the world [1]. The approximations of the European Centre for Disease 
Prevention and Control (ECDC) estimated that 4.1 million patients in Europe will be affected 
yearly and from them about 37 000 will die due to HCAI [2]. 

In Sweden, about 3.7 billion SEK (2006) is spent yearly on HCAI [3]. A project called  
‘Innovation mot Infektion’, funded by Vinnova, was initiated in 2012 aiming to identify the 
areas within healthcare where new solutions can make a great difference by helping to decrease 
the amount of HCAI [4]. In a pre-study performed within the project, the neonatal incubator 
was identified to be a possible contributing factor to HCAI and this resulted in the initiation of 
this master thesis. 

This master thesis focuses on the neonatal intensive care unit (NICU) incubators used at the 
neonatal department (NEO) at the Karolinska University Hospital in Solna (KS). The ATP 
luminescence method has increased in popularity and has been used in 12 studies, which are 
summarized by Amandio and Dino in 2013, in order to investigate microbial contamination 
(cleanliness) in the hospital by measuring the amount of ATP [5]. Further interviews 
performed, within the ‘Innovation mot Infektion’ project, with staff and others involved 
showed that the incubator causes some issues during cleaning like reachability and vapour from 
alcohol creating dizziness and redness of the eyes. This identification revealed the importance 
to investigate the incubator and identify areas of improvement [6]. 

1.1 General aim 

The general aim of this master thesis project is to answer the question: 

“What changes can be implemented in the intensive care neonatal incubator used at Karolinska 
University Hospital in Solna and its cleaning process, to increase the usability and hygiene in 
order to decrease the risk of infection of neonates using the amount of ATP as an indicator of  
bacteria and organic debris, to identify problem areas?” 

1.2  Specific aims 

The specific aims of this master thesis are listed on next page: 
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• Identifying problem areas in the incubator by measuring the amount of bacteria 
and organic debris with the ATP luminescence method, before and after cleaning. 

• Identify weaknesses in the cleaning process of the incubator, the incubator itself 
and the sluice room in order to propose solutions to make the problem area(s) 
easier to clean, more user-friendly and help to decrease the risk of infection. 

Disinfectant is applied on all the parts washed by hand [6]. Since the vapour causes side effects 
like red irritated eyes and dizziness, observations were made with the consideration to work 
environment issues. Based on the results from this thesis some suggestions concerning the 
design of the incubator, criteria for the next purchase and additional cleaning tools will be 
presented in the discussion. 

1.3 Limitations 

This study is performed on the GE Healthcare Giraffe® OmniBed® incubator; a closed 
incubator for intensive care use. This project does not include the whole incubator, but only 
within the micro-environment of the preterm infant. This includes the in- and outside of the 
box where the infant is treated. Other surrounding equipment is neither studied nor taken into 
consideration. Fungal growth has been observed by the staff on the chassis on occasions when 
humidity settings exceeded 85% in the incubator [6]. The existence of fungi was not measured 
in this study. 

The project does not deal with patient data, staff data or similar information. Therefore no 
ethics application is needed nor performed. All involved parties have been informed. 

1.4 Thesis outline 

The outline of this report is as follows; background information about ATP luminescence, 
preterm infants and why incubators are used can be found in Chapter 2. The methodology 
concerning interviews, observations and ATP-measurements is described in Chapter 3. The 
results are presented in Chapter 4. Results are discussed in Chapter 5. Concepts, suggested 
solutions and future work are also presented in Chapter 5. Finally, the conclusions of this 
master thesis are presented in Chapter 6 followed by discussions regarding future work in 
Chapter 7. 

References are written according to IEEE standard with one exception: References placed 
before the full stop only apply to that sentence and references concerning a whole paragraph 
are positioned after the last full stop of that paragraph.  
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2 Background 

This chapter describes the preterm infants followed by heat loss and infant incubators. After 
this, the NEO at KS is described followed by HCAI, ATP and will end with a short 
introduction to ‘man technology organisation’ (MTO or known as human technology 
organisation, HTO). The background is written to those with a relatively limited amount of 
knowledge in the area. 

2.1 Preterm infants 

Babies that are less than 30 days of age are called neonates [7]. Of these neonates some are 
born premature and are defined as preterm infants if born before the completion of the 37th 
week of gestation [8]. Preterm infants have not undergone all the preparations needed to be 
able to live outside of the womb, and are therefore not sick, but they are inadequately equipped 
[9]. Preterm infants are usually defined by gestational age or size [10]. The gestational age (GA) 
is defined as the number of days since the first day of a woman's last menstrual period [8]. The 
size is usually an easier classification because the birth weight is directly measured after birth 
and the information is more accessible than the GA [10].  

A drawback of using the weight as a defining factor is that there is no distinction made between 
premature infants and small for gestational age (SGA) infants [10]. The reason for the infant 
being SGA is often because of a congenital syndrome, chromosomal aberration, a genetic 
syndrome and/or the mother's use of alcohol during the pregnancy [10], [11]. Because SGA 
infants can be full term with fully developed organs and only small for their age, it is important 
to distinguish between SGA infants and preterm infants when classifying by weight due to the 
fact that they often need very different care. 

Preterm statistics 

There are large differences between how big the risks of having a preterm infant are [12]. 
Between 13 and 15 million preterm infants are estimated to be born each year (2010) [13], [14] 
and these represent more than 10% of all births [13], [15]. In Europe, the preterm rate among 
live births fluctuates between 5.5% (Finland) and 11.1% (Austria) [16]. 

There is a difference in statistics from Europe (including Sweden) compared to worldwide 
statistics; the preterm period differs from GA week 22 to 37 for Europe and GA week 24 to 37 
worldwide [16]. 
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In Sweden, in 2012, a total of about 113 000 babies were born [17]. Of these, 6 344 were born 
before a GA of 37 weeks [17]. The amount of preterm infants that are born creates a clear need 
for neonatal departments with expertise care. These departments need functional, 
unproblematic to clean and well-designed incubators that are more ergonomical in both 
disassembly and cleaning, in order to effectively care for the preterm infants. 

The underdeveloped body 

Preterm infants have a big head in comparison to the small and thin body. The fraction of 
water in the body is 80-90 % which is higher than the amount of water in term babies, which 
have a water content of 75%. Due to the high amount of water, oedema on the legs and instep 
(topside of foot between the toes and ankle that has the shape of an arch) are common [18]. 

Lungs of preterm infants with a GA of 32-33 weeks are underdeveloped and often lack a 
production of surfactant [10], which is "a complex soap-like substance that normally acts to 
prevent the lungs from spontaneously collapsing from forces of surface tension" [10]. This 
generally leads to hyaline membrane disease more widely known as respiratory distress 
syndrome (RDS) [19]. Depending on the severity of the underdeveloped lungs, the child can be 
helped with continuous positive air pressure (CPAP) or a respirator can be used [19]. Infants 
with the GA of 28 weeks or less will, most likely, have assisted breathing during their stay at the 
hospital [18]. 

In the last part of the pregnancy the foetus puts on fat to prepare for the colder environment 
outside the womb. Not only regular (white) fat is put on but also brown fat. The brown fat is 
situated between the shoulder blades and around the kidneys and is a type of heat generating 
tissue. The brown fat is activated when the infant is cooled. [19] 

The epidermal barrier (top layer of the skin) [20] has a thickness of two to three layers of cells 
[21] and the stratum corneum, the outmost horny layer of the epidermis [20], is almost non-
existent at 24 weeks of gestation [21]. At 26 weeks, the stratum corneum is two to three layers 
thick and is keratinised [20] but is still much thinner than that of a term infant that has a 
thickness of 10 to 20 cells [21]. The thin skin of preterm infants results in the loss of large 
quantities of water [18]; up to ten times more than a full term infant [21]. According to Boxwell 
[20] the stratum corneum "conserves the body contents, resists noxious agents and prevents 
trauma". Damages to the skin due to the use of sticky tape and adhesive electrodes are 
common and are a gateway for infections [18]. After birth the skin matures and over time the 
skin develops to look and act similar to that of a full-term infant [18]. 
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2.2 Heat transfer 

Preterm infants have problems keeping their body temperature within normal boundaries due 
to excessive heat loss [18]. Therefore they need special care that is performed with the help of 
incubators [18]. The problem to maintain the body temperature is due to the factors listed 
below: 

• The top layer of the skin is very thin [18]. 
• Absence of subcutaneous fat [18]. 
• The high surface temperature [18]. 

• No ability to shiver [11]. 
• The large skin area in comparison to the size of the body [18], [22]. 

Adamsson and Towell [23] states that "at birth, body mass of the human infant is only about 5 
percent that of the adult, while surface area amounts to nearly 15 percent". In addition to this 
the infant is damp from amniotic fluid after delivery, resulting in a significant amount of heat 
loss due to evaporation [24]. 

The preterm infant or an infant with respiratory distress subjected to cooling, will drop in body 
temperature. When a new equilibrium takes place due to the burning of more stored energy. 
This will in time result in the loss of all stored energy. This in its turn results in difficulties with 
breathing and in some cases cyanosis. [18] 

So therefore it is very important to keep the body temperature of the preterm stable with the 
help of an incubator or other device. 

2.2.1 Thermoneutral zone 
The infant should be nursed at a temperature so that a normal body temperature can be 
sustained with the smallest amount of energy loss from the infant [11].  This is referred to as 
the thermoneutral zone, where the energy expenses concerning heat loss and heat development 
are at a minimum [11]. The infant should not be in a too hot environment because this can be 
more straining [11]. This is because the infants born before 32 weeks of gestation cannot 
produce sweat due to undeveloped glands [25]. The full term body produces sweat to lower the 
body temperature which a preterm infant is unable to do.  

2.2.2 Four ways of heat loss 
The infant exchanges heat with the environment through conduction, evaporation, radiation 
and convection [26], [27]. The purpose of an incubator is to minimize the heat loss of the 
infant [18]. 
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Conduction occurs between two solid objects with surface-to-surface contact and the heat is 
transferred from the warmer to the cooler object. This phenomenon can be used to heat the 
infant when it is placed on a warmer surface like a heating pad or be the reason of heat loss 
when contact is made with for example a cool blanket. Different materials have different 
amount of conductivity where metals conduct well and for example a mattress is less 
conductive. [25] 

Evaporation is heat loss due to the evaporation of water from the skin. The amount of 
evaporation is dependent on the relative humidity of the surrounding air. The higher the 
temperature, the higher amount of water vapour the air can hold. The result of this is more 
evaporation from the infant’s skin and an increased heat loss. [25] 

Heat radiation (radiation) takes place between two objects that are not in direct contact with 
each other [21] Heat is transferred from the warmer object for example the infant to a cold wall 
of the room [21], [28]. The closer the objects are to each other and the bigger the temperature 
difference, the higher amount of radiation will take place resulting in a greater amount of heat 
loss [21]. 

Convection is when heat is transferred between areas that are in contact but that are not of solid 
materials. In the human it occurs in multiple ways, for example from the body's core to the 
skin, the skin to the surrounding air and via the respiratory track. Subcutaneous fat is important 
and acts like an insulator, to help reduce evaporative heat loss. If the air is cooler a transfer of 
heat will take place from the infant to the air resulting in the rise of the warmer air. The heat 
loss via the respiratory track occurs when cooler air is inspired, warmed up and expired. [25] 

2.3  The infant incubator 

An incubator is often used in treatment of preterm infants. In the incubator, the infant is kept 
at appropriate body temperature with the help of warm circulating air [21]. In 1878 Stéphane 
Tarnier [29], a French obstetrician [30], was the first to invent the warm-air incubator. It was 
used at the Paris Maternité Hospital in 1880 [29]. One of the early models was heated with the 
help of jars containing warm water and humidified with a wet sponge [31]. 

2.3.1 Why use an incubator? 
In modern time the infant’s body temperature is controlled via the ambient air temperature 
inside the incubator, or via the skin of the infant with the help of a probe. Control via the skin 
temperature may be beneficial when warming the infant but ambient temperature control 
provides a steadier ambient air temperature. The two largest benefits of using an incubator are 
the possibility to maintain a constant high air temperature and a certain relative humidity. It 
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also makes it easy to observe the infant and the incubator gives some protection against 
airborne infections. A disadvantage of using an incubator is the difficulty for hospital staff and 
parents to access the infant. [21] 

Stopping heat loss via convection and radiation is one of the main reasons an incubator is used 
[25]. When the incubator has double walls the warm air on the inside heats up both sides of the 
inner wall, reducing the radiation heat loss from the infant to the incubator wall [21], [25]. Thus 
an incubator with double walls is preferred over a single wall one. 

Antonucci et al. [22] concluded in 2009 that "preterm infants should be cared at high ambient 
relative humidity (80-90%) until their skin barrier is fully developed, in order to achieve 
adequate temperature control and water balance". But Antonucci et al., 2009 [22] also states 
that there are negative aspects to the use of a high relative humidity such as condensation of 
moisture and infections [22]. 

Other negative aspects of using an incubator as treatment are that the infant is exposed to a lot 
of discontinuous stimuli such as light, cold air streams, noise and evaporation. In care of 
preterm infants the strife should be to minimize the inconvenience to the infant. [18] 

2.3.2 Giraffe OmniBed incubator and radiant warmer 
The incubators that are studied in this master thesis project are the Giraffe OmniBed 
incubators from GE Healthcare. The Giraffe OmniBed can be used as an incubator or a 
radiant warmer [32]. When used as an incubator (see Figure 2-1a) the air is heated beneath the 
bed and distributed by a fan throughout the closed infant compartment [32]. The porthole 
doors (see Figure 2-2) act as access points to the infant and are opened with the release buttons 
as illustrated in Figure 2-3a [32]. When more access is needed, the compartment walls can be 
lowered by pressing the wall release buttons (see Figure 2-3b) [32]. When used as a radiant 
warmer (see Figure 2-1b) the canopy is raised so that doors open revealing the radiant heating 
element inside [32]. This makes it possible for the infant to stay in the same care bed and not 
have to switch between an incubator and a radiant warmer [32].  
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                                a)    b)

Figure 2-1: Giraffe OmniBed in a) incubator mode and b) 
radiant warmer mode. 

 

The OmniBed has two control modes called air mode and baby mode. When air mode is chosen; 
the temperature is measured with a probe placed on one of the compartment walls. If baby mode 
is chosen; the temperature is measured via a probe that is attached to the baby´s skin. When the 
OmniBed is used as a radiant warmer the radiant heater output is controlled with either the 
control panel (manual mode) or with a probe attached to the skin of the infant (baby mode). 
When the OmniBed is in air mode and the canopy is raised the radiant warmer will automatically 
be set to the preheat level (25 %, which can be adjusted on the service screen). [32] 

The OmniBed, because of its dual functionality, has an adjustable canopy making it vary a lot in 
height. Dimensions of the OmniBed can be seen in Table 2-1 below. Terminology of areas and 
jacks situated on the front and back of the OmniBed can be viewed in Figure 2-5. The 
terminology used in Figure 2-2, Figure 2-5 and Figure 2-6 will be used throughout in this 
report. The part of the chassis illustrated in Figure 2-4 will be referred to as the basin. 
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Table 2-1: Mechanical specifications. Reproduced from GE Heathcare (Omeda Medical), 2001 
[32] with an exclusion of the weight at KS. 

 Canopy closed 

bed lowered 

Canopy closed 

bed raised 

Canopy open 

bed lowered 

Canopy open 

bed raised 

Height 147 cm 174 cm 208 cm 236 cm 

Width 69 cm  

Depth 112 cm  

Weight at KS 137 kg  (includes accessories such as two lamps and a storage drawer)

 

Figure 2-2: Side-view of the Giraffe OmniBed and areas and jacks.   
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    a) b)

Figure 2-3: Ways to access the infant without raising the canopy. a) the release 
button (A) is pushed to open the porthole door. b) The release button (B) is pressed 
to lower the compartment wall.  

 

Figure 2-4: Basin part of the chassis. 
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             a)      b)

 

Figure 2-5: a) Front and b) back of Giraffe OmniBed. 
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The canopy can be raised to its upper limit with one push of the foot pedal or the canopy "up 
switch", resulting in immediate access to the infant. The ability to slide out the mattress tray 
and rotate it increases the accessibility of the infant. The rotation of the bed is illustrated in 
Figure 2-7.  Further functions are that the bed can be tilted 12 degrees to allow head or feet up 
positioning of the infant. The whole compartment can be lowered to fit a seating caregiver or 
raised to enable standing position while caring for the baby. An X-ray tray (see R5 in Figure 
2-6) can be used to hold a film cassette making it possible to X-ray the infant inside the 
OmniBed. A scale is optional and when used it is positioned between the clear plate and 
rotating bed, as displayed in Figure 2-6. [32] 

 

Figure 2-6: Removable parts in the chassis. The scale (R3) is 
optional.  
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Figure 2-7: The rotating function of the bed. 

2.4 Neonatal department at Karolinska 

The neonatal department at Karolinska is placed in Danderyd, Huddinge and Solna. Together 
they take care of about 2200 newly born babies each year, this represents about 25% of all 
neonatal care in Sweden [33]. This project focused only on the unit in Solna. 

The unit in Solna, located in the main building of Karolinska University Hospital, is divided 
into two sections. The first one, 'Neo-IVA', has the highest level of care with twelve patient 
beds (changed to eight during the spring of 2014) [6]. The other part of the NICU, 'Familje 
Neo', is for eight neonatal patient beds with moderate intensive care [34]. 

An overview of the whole department is shown in Figure 2-8 ant the different wards (rooms) 
are numbered. The incubator disinfection room is shared by both parts of the department and 
located on the right, just before entering the NICU, next to the incubator storage room. 
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Figure 2-8: Sketch overview of 
the layout of the NICU at KS 
and its ward rooms 9 to 15. 
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2.5 HCAI 

HCAI, are one of the major challenges in western world healthcare [1]. About 9.3% of all 
patients in high income countries are affected by HCAI [1]. According to the WHO, HCAI use 
about 10% of the whole healthcare budget, making it a serious threat and cost to society [1]. 
HCAI are infections that arise in patients during their hospital visit and are a side effect to 
diagnostics, treatment and patient care or to staff members affected in their role as a care giver 
[35]. HCAI is divided in two types: endogenous (caused by bacteria from the patients flora) and 
exogamic (caused by an infectious agent from the surroundings) infections [3]. This project 
focuses on exogamic infections only.  One of the contributors to HCAI is Methicillin-Resistant 
Staphylococcus Aureus (MRSA) [36]. MRSA is spread in the community outside the hospital 
and it is a great challenge to avoid it to be spread inside the hospital [36]. Besides the problem 
with MRSA most HCAI are concerning complications like ventilator-associated pneumonia, 
gastroenteritis and urinary tract infections and tuberculosis are included and classified as HCAI  
[2]. 

In Europe, HCAI is affecting 4.1 million patients, and cause about 37 000 deaths yearly [2]. The 
ECDC estimated the total cost of HCAI to be around 7 billion euro yearly [37]. This makes 
HCAI one of the major contributors to costs in healthcare within Europe.  

In Sweden HCAI, have been a serious issue for some years and statistics have been gathered 
since autumn 2008 [38]. Sweden is known for its cutting edge research in the medical field, but 
has not been able to keep the same standards in the healthcare facilities [39]. The Swedish tax 
payers together pay about 3.7 billion SEK (approximately 411 million euro) each year for the 
cost of HCAI [3].  

HCAI in Sweden has been decreasing yearly for the last couple of years. The Swedish 
Association of Local Authorities and Regions (SKL) have performed studies about the amount 
of HCAI in the largest hospitals in Sweden. The amount of HCAI has been fluctuating since 
they have started their measurements in the spring of 2008. An average of 11.8% of all patients 
had one or more type(s) of HCAI in this study using single measurements. [38] 

At Karolinska University Hospital, HCAI has been a challenge for many years, being the 
second major hospital in Sweden when it comes to the amount of HCAI per patient, with 
12.4% in 2013 [38]. Karolinska has their own slogan, "patients always first" [40], and is 
therefore keen to change this for the better, the latest operational plan has a long term goal of 
decreasing the amount of HCAI with half by the year 2015 [40]. The department of quality and 
patient safety has several projects aiming to reduce the number of patients getting hurt by 
healthcare. 
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2.5.1 HCAI in NICU  
Neonates are sensitive to infections because of an immature immune system [31] and preterm 
infants also have thin skin that fails to work as a barrier in order to keep bacteria on the outside 
of the body (see more in Section 2.1) [18]. Even though they have a sensitive immature 
immune system, neonates possess a protection against viral infections that the mother has had 
previous in her life or is vaccinated against, like for example measles, rubella and mumps [41]. 
This protection is in the form of Immunoglobin G (IgG) antibodies that are predominantly 
transferred during the latter third of pregnancy [42]. The transfer starts in the 17th week of 
gestation and the bulk is delivered after 34 weeks [42]. Hence if the infant is born prematurely, 
the amount of antibodies transferred may not be enough to give protection [42].  

The normal colonisation of bacteria all over the body usually takes place during the first days 
following delivery [18]. The colonisation is a natural process that is needed on the skin and on 
some of the mucos membranes [18]. Therefore it is important to remember that not all bacteria 
are bad for the infant. 

Bacterial infections in infants can occur before and after birth [18] and the exposure can be 
from both human and inanimate sources [41]. The risk of infection after birth is higher when 
the infant is premature or if it is delivered more than 24 hours after the amniotic fluid has been 
released [18]. The amniotic fluid is generally sterile and when the baby passes through the birth 
canal it is exposed to the bacteria residing there [18]. This type of vertical transmission (mother 
to infant) can result in the infant containing types of bacteria like; 

• group B Streptococcus, 
• Listeria monocytogenes, 
• Gram-negative enteric rods, 

• Neisseria gonorrhoeae and 
• Staphyllococcus aureus [41]. 

Another way bacteria can spread to the infant is, in the NICU, via horizontal transmission 
(nosocomial). The microorganisms spread by aerosols or contact which can be both indirect 
and direct [41]. In the NICU there is a frequent occurrence of nosocomial bloodstream 
infections and this is linked to a high morbidity and mortality [43]. The use of catheters 
increases the risk of getting a nosocomial bloodstream infection [43]. Therefore it is very 
important that the surrounding area is clean. These areas are for example textiles positioned 
close to the infant’s body, catheters, the mattress and the doors to the incubator.  
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The incubator houses a warm humid environment which makes it easier to spread nosocomial 
flora [44]. This is one of the reasons why it is so important to study the amount of bacterial 
load inside the incubators. 

2.5.2 Fundamental hygiene guidelines 
In order to minimize the risk of HCAI, staff members within healthcare in Sweden have to 
follow the instructions below when examining patients, performing care and administrating 
treatment or other actions involving direct contact with patients.  

• Work clothes should have short sleeves [45]. 
• Work clothes should be changed daily or more often if the need arises [45]. 
• Hands and lower arms shall be free from jewellery and watches [45]. 

• Long hair and beard shall be fastened so that it does not hang or fall down [46]. 
• Nails should be short and fake nails or polish is not allowed [46]. 
• Hands should be disinfected with alcohol based hand disinfectant, or other substances 

with the same end result, immediately before and after direct contact with a patient [45]. 

• Hands should be disinfected prior to and after the use of gloves [45]. 
• Disinfection of the hands shall be performed before clean work; handling of food, 

pharmaceuticals or sterile material [47]. 
• If hands are visibly dirty they should be washed with liquid soap and water before they 

are disinfected [45]. 

• Hands should be washed with liquid soap and water when caring for a patient with 
gastroenteritis (infectious diarrhoea) [45]. 

• Hands shall be dry before the use of disinfectant [45]. 
• A disposable apron out of plastic or a protective robe shall be used if there is a risk of 

that the clothes come in contact with bodily fluids and/or other biological material [45].  
These instructions are set by the Swedish National Board of Health and Welfare and 
complemented by a care guidebook produced by SKL. The instructions can be complemented 
with further local instructions depending on the department and situation [48]. Contagion 
through contact is one of the most common ways of infections to spread and this is why it is so 
important to disinfect hands in order to break the chain of infection and prevent cross-
contamination [47]. 

2.5.3 Bacterial growth studies on infant incubators 
To the authors’ knowledge the studies on bacterial growth on infant incubators are scarce. One 
was performed by de Goffau et al. on Caleo and investigated whether "the level of microbial 
contamination (i.e., the bacterial load) inside neonatal incubators can be predicted on the basis 
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of their average temperature and relative humidity settings, paying special attention to local 
temperature differences." [49]. With the help of an infrared thermometer, they measured the 
inner wall temperature distribution when the incubator was set to an average relative humidity 
of 70% and a temperature of 37 °C [49]. 

Cold spots on the Caleo were found mainly on the canopy, on the doors and on the front and 
back side walls. All the incubators tested by de Goffau et al. [49] had been used for four to 
seven days and were measured directly after the infant was switched to another incubator. 
Group 1, with low relative humidity (≤60%) and temperature (<34 °C), consisted of eleven 
incubators; Group 2, with high relative humidity (≥60%) and temperature (≥34 °C) consisted 
of twelve incubators. If the tested spots were contaminated with bodily fluids, or for example 
fluid from indwelling catheters, they were not measured. The swab samples were plated in 
order to determine the number of microbial colony forming units (CFU) per site. [49] 

In Group 2 significant differences (P=0.002) were identified between cold and hot spots. At 
the cold spots there was more microbial contamination present. The cold spots of group 2 also 
contained higher number of staphylococci which is one type of bacteria that often is 
contributing to late-on sepsis in preterm infants. In the other group, Group 1, the difference 
between cold and hot spots were not that significant (P=0.275). [49] 

Recommendations made by de Goffau et al. [49] are that when high humidity is used, 
incubators should be changed more often than once a week and that improved design would be 
an effective strategy to prevent cold spots. [49] 

Lynam and Biagotti [50] performed tests to evaluate the Ohmeda Medical Giraffe 
Humidification system which is part of the incubator. Kreig & Holt state, according to Lynam 
& Biagotti [50], that the temperatures in the humidifier are not high enough to stop the bacteria 
from spreading into the patient area of the incubator [50], in case of an accidental 
contamination of the humidification reservoir. But Lynam & Biagotti write that special 
precautions were taken [50]. The tests performed by Lynam & Biagotti [50] include three 
OmniBed incubators with Cavicide were: 

• Giraffe #1 (experimental); where humidity is active and the reservoir 
contaminated and 

• Giraffe #2 (control); where humidity is on and no contamination and finally 
• Giraffe #3 (control); where no humidity is active and no contamination. 

The sites where cultures were taken consisted of six sites and were measured at 0 hours, 24 
hours, 48 hours, 72 hours and 168 hours after the start of the test.  
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All three incubators were set to air mode at 35 °C for one hour and number two and three were 
set to 65% relative humidity for one hour [50]. 

The results showed that no microorganisms were found in the patient area meaning that the 
humidification system eradicated all the planted microorganisms and prevented them from 
spreading into the infant’s micro-environment [50]. 

2.6 ATP luminescence 

ATP is found in any cell, living or dead, and can even appear in intercellular space [51]. 
Chemically ATP is written C10H16N5O13P3 and consists of one adenosine and three phosphate 
groups. The adenosine can bond with either one (AMP), two (ADP) or in this case three (ATP) 
phosphate groups. ‘Loosing’ one phosphate group releases energy. With the help of for 
instance glucose, ATP can rapidly be rebuilt [52] in order to once again become the major 
energy currency molecule in the body. 

There are many types of cells with different functions, but all cells use ATP. There are two 
types of ATP. They are essentially the same, but they have a different source. These are ATP 
from living cells, ATP from dead cells (together making the intracellular ATP) and free ATP 
(usually released by dead broken cells), called extracellular ATP [51]. 

2.6.1 Luminescence analysis 
In order to measure the amount of ATP, a method called ATP luminescence can be used [53]; 
ATP luminescence is used in this study. By transforming ATP as shown in Equation 1 a 
photon (light) is released [54].  

Equation 1 reproduced from [55], D_Lucifern +  O2 +  ATPLuciferase → Oxyluciferin + CO2 +  AMP +  PP +  Light. 
This light can be captured in a photocell and represented by a number on the screen [56]. The 
value displayed is the amount of Relative Light Unit (RLU) [54]. Each one of these units 
represents one ATP, or one cell [5]. ATP luminescence is a very reliable method to measure the 
amount of ATP, corresponding to the amount of cells, both dead and alive cells [51]. It is 
therefore an indicator to possible or already existing bacteria [57] together with biological debris 
[55].  

It is possible to treat the sampling surface with some agents to eliminate both free ATP and 
ATP from cells. This would result in measurements of bacterial ATP only. Measuring only 
bacterial ATP can be interesting when evaluating a disinfectant on a surface. The procedure is 
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the same, except for a pre-treatment. The measurement value corresponds to the amount of 
living bacteria on the surface tested. [58] 

The food industry has been using ATP luminescence since the mid-1980s, using ATP to gain 
and keep control over bacteria in, for example, the meat and milk industry [59]. One of the 
biggest advantages of the ATP method contra bacteria-growth testing is the time it takes to 
receive the results. Kyriakides states according to Davidsson et al. [55] that bacteria growth, 
even under perfect circumstances, will take all from one to two days. The ATP method is 
performed within the minute [60], making it possible to receive results immediately and not 
retrospectively. 

ATP thresholds, within healthcare, vary between 100 RLU and 500 RLU and 250 RLU is most 
frequently used according to Amodio & Dino [5]. Kikkoman recommends a threshold of 200 
RLU for smooth surfaces like metal and glass [61]. For rougher surfaces, such as plastics, a 
threshold of 500 RLU is advised.  

Kikkoman Lumitester PD-20 & LuciPac PenTM 

The Kikkoman Lumitester PD-20 is a luminometer that measures light. When combined with 
the swabbing tool, LuciPac Pen, it measures ATP and AMP (total ATP) through the ATP 
luminescence (ATP bioluminescence) reaction [62].  

The PD-20 measures ATP in bacteria and other type of cells but not the amount of fungi, it 
also measures the amount of AMP for a more stable measurement over time. It is therefore 
used as an indicator for biological remains. The PD-20 tester is a quick method and gives a test 
result after about 10 seconds and is therefore ideal when performing numerous tests in a row. 
[54] 

The PD-20 uses an analogue integration employing a photodiode (photocell) to measure light. 
It has a dark noise of ten RLU or below. It has memory for the last 2 000 measurements with a 
build in clock and USB connection [54]. Measurements should be performed with the correct 
angle of about 600 [60], a stand (see Figure 2-9) is provided to help keep the measuring tool at 
the correct angle [54]. The PD-20 measures in RLU, but also in rank, which can be set in 
different modes [54].  
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Figure 2-9: Lumitester PD-20 
situated in the accompanying stand 
that holds it at a correct angle 
during analysis. 

The LuciPac Pen is the test swab intended for use with the Lumitester PD-20. The test is 
relatively easy to do. An overview of the pen is shown in Figure 2-10. When measuring, the 
orange end of the swab stick is held and the cotton swab is moved over the area while in 
contact with the surface intended for measurement.  

 

Figure 2-10: LuciPac Pen and the terminology of 
its parts. 



The infant incubator from a hygienic and HTO perspective 

22 
 

2.6.2 ATP luminescence vs. ACC within healthcare 
As mentioned, ATP luminescence is a relatively fast and cost effective method. However, the 
method does not provide identification of specific bacteria since it measures all cells [51]. There 
are no international or national standards concerning the ATP luminescence measurements [5], 
but there is a standard for cleaning services; EN 135491 which applies to all cleaning. Several 
authors have proposed to make detection of ATP into a standard [5]. 

It has been shown, when comparing the ATP luminescence method with an aerobic colony 
counts (ACC), that the ACC method more often determines a surface to be 'clean' when 
compared to ATP luminescence  [63]. This would indicate ATP to be more conservative than 
ACC when it comes to labelling a surface as clean. In 2003, similar studies showed ATP to be 
most effective in revealing surfaces that do not meet benchmark levels [64].The same is valid in 
a study of four hospitals in the UK and Wales performed in 2007 [65]. Even here, test results 
show that when using an ATP method, more measurements result in values above the set 
threshold for clean.  

On the other hand, there are some chemicals that inhibit the ATP luminescence reaction. This 
can lead to unrealistic values [5], [59], [54]. If the person testing is not aware of this, or values 
that are returned could be realistic but are not, it could cause interpretation problems. ATP 
measurements are also not part of the proposed hygienic quality indicators [66]. Another study 
shows that ATP values do not correspond to the amount of MRSA bacteria [67]. This is, since 
ATP measures more than just MRSA, an expected result. 

2.6.3 Cleanness levels 
In Sweden, SFVH2 guidelines are used and three different levels of clean are specified: 

• Cleaned means there is no visible contamination meaning that the naked eye can 
see whether a surface is clean or not [68]. 

• Disinfected, meaning cleaned with some type of alcohol or other agent actively 
killing bacteria cells that are on any given surface [68], but not necessarily 
removing the dead cells from the disinfected area [3]. This is the most commonly 
used in healthcare, for example this is used for hand disinfection, most areas 
around patients and is even included as a step in the cleaning routine for the 
tested incubators at KS. 

                                              
1 Cleaning services: Basic requirements and recommendations for quality measuring systems, 2001 

2 Svensk Förening för Vårdhygien, http://www.sfvh.se/ 



Simon Huisman & Stéphanie Wikström 

23 
 

• Sterilized; this is more a process in cleaning than it is a way of cleaning [3]. The 
process, just like disinfection, kills most bacteria and other cells. 
These terms are used to help describe to which level an object or surface is intended to be 
cleaned. 

2.7 MTO 

MTO is the interaction between man and machine. This branch of ergonomics has been 
around since the 1940s, starting in Germany, the Netherlands, the UK and USA [69]. The term 
MTO was first introduced in Sweden after the nuclear power plant accident on Three Mile 
Island [70]. More and more of the focus is shifted towards design solutions; focusing on 
ergonomics and the most resent focus is on the organisations contribution to any accident [69]. 

This is the same for healthcare professions. An example of this is the analysis of treatment 
errors. This has been done many times; but it is more common in recent years [71]. A study by 
Naveh et al confirms that many treatment errors are actually organisational problems [72]. 
Another example would be the investigation of a death at the thorax department of Karolinska 
University hospital. Even here many of the errors have their roots within the organisation [73]. 

The man, or human (MTO or HTO), plays a central role, as they are not only involved by 
direct actions. They are even a part of the organisation they function in. Up to quite recently, 
this was usually the one receiving the blame whenever an accident occurred [71]. Human error 
is usually the phrase used to describe an accident where man was wrong.  

The organisation is a large part; work routines, planning, staffing, rooms and management are a 
part of this group. It is the organisation that should have the possibility to identify and prevent 
accidents [74], [75]; since humans are not good at identifying technical risks [76]. It is also the 
organisation that has the possibilities to learn from previous mistakes and collect data about the 
incident [77]. This is one of the reasons organisations have a large part of the responsibility to 
prevent accidents [75]. 
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3 Methodology 

This chapter describes the methodology used to identify problem areas and investigate what 
changes can be implemented in a neonatal incubator and the cleaning process at KS, to increase 
the usability and hygiene, to decrease the risk of infection. 

To obtain a comprehensive perspective on HCAI and the incubator care, this is presented in 
chapter 2. Observations, together with semi-prepared explorative interviews, were performed 
to identify the existing cleaning routines of the incubators at the NICU at KS. Further 
identification of problems as well as issues associated with the different incubator parts were 
conducted. Measurements of the total ATP contained with the ATP+AMP luminescence 
technology, by Kikkoman, were used to confirm the problem areas of the incubator. Finally, 
further observations were carried out to obtain a better understanding of the test results. 

3.1 Observations 

Observations were made in three parts within the NICU at KS: general areas (including the 
incubator storage room), the sluice room and patient care rooms. A total of 85 hours of direct3 
overt4 observational research was performed over 18 days in a period of 15 weeks. 

Observations in the sluice room were made to identify: 

• General layout and placement of the equipment. 
• Improvements concerning the sluice room, layout and equipment. 
• Preparation routines of countertops and sink. 

• Machines and tools used during the cleaning procedure. 
• Different techniques when cleaning the different parts of the incubator. 
• The order in which the parts are cleaned. 

• Possible contamination of already cleaned parts. 
• Specific areas that were observed hard to clean or to reach. 
• Where the incubator design can be modified in order to decrease the risk of HCAI 

spreading. 
Different areas where the observations were conducted are marked with letters A-E in Figure 
3-1. The A and B observation areas were used to get a better view of the cleaning task in the 

                                              
3 Direct meaning that the observations were done while physically present in the room and should not be confused with 
observations performed with video cameras and later analysed or participant observations. 
4 The persons observed were always aware of when and why they were observed. 
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sink. During standing position in the area marked B, a footstool was used to be able to see over 
the dividing wall. Pictures were taken for further analysis of the room and cleaning procedure. 

 

Figure 3-1: Areas A-E of the sluice room, where observations of the cleaning 
procedure were made.  

The observations performed in the patient rooms have been conducted to identify: 

• Areas where the staff and parents come in contact with the incubator. 
• Interaction between humans and incubators. 

The observations within the patient rooms were executed seated or standing about 2.5 to 3 m 
away from the incubators or standing about 1 m from the incubator, to better get an overview 
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of the interaction between staff and infant. Observation positions were chosen so the influence 
on work process of the staff was minimized.  

Finally in the incubator storage room the focus was on identifying factors that may contribute 
to the number of HCAI in the NICU. These events could be moves inside the room, the use of 
shelves and cupboards or the positioning of equipment. 

3.2 Interviews 

Interviews were used to get a deeper understanding of the everyday work, at the NICU at KS, 
and how the incubators were handled. Explorative interviews were chosen because they intend 
to uncover new information and enlighten the interviewer in areas where the interviewee is 
experienced [78], thus corresponded with the purpose of the interviews. A semi-structured 
approach was used, because it provided a solid ground upon which questions could be asked 
[79]. This format allowed for a specific, but limited, amount of questions while giving the 
interviewer the possibility to ask follow-up questions [79]. Another advantage was that this kind 
of interview is not as strict and can take place in a more natural conversation [79]. 

The semi structured explorative interviews were conducted with a variety of professionals5. To 
provide more detailed and specific results an interview guide was used, this is presented in 
Appendix I. Interviews often started in one of three ways: 

• A question about one of the pre-defined topics. 
• Introduction of one self and the purpose of the project. 
• With an observation concerning the predefined topics, followed by questions 

concerning why the specific task was performed in that way. 
A total of 18 different staff members were interviewed with a total of 9 interview hours. 

3.3 Preparations of ATP measurements 

Measurements were performed to gather an overview about the areas, in the Giraffe OmniBed 
incubators, that have a higher potential of causing HCAI, thereby containing a great deal of 
biological matter and microbial contamination. These measurements were used to evaluate the 
cleaning routines in order to suggest more specific actions to be taken that may lead to the risk 
of HCAI decreasing. 

                                              
5 Registered nurses, enrolled nurses, doctors, incubator cleaning staff, head nurse and the education responsible. 



The infant incubator from a hygienic and HTO perspective 

28 
 

3.3.1 Hypothesis 
All the areas that were measured were hypothesised to be problem areas due to previous 
identification of the incubator as a potential contributing factor to HCAI in the IMI-project 
and the high temperature and humid environment creating an optimal growing environment 
for bacteria. 

It was also assumed that there is a clean and a dirty zone in the incubator (see Figure 3-2b), the 
clean zone being the top end and the dirty zone being the bottom end of the incubator. This 
hypothesis is based on practice implemented, at the NICU at KS, meaning that clean items are 
introduced through the portholes in the clean zone and corresponding action with the dirty 
items via the portholes in the dirty zone is executed [6]. 

3.3.2 Selection of areas to test 
A selection of 29 spots was made based on observations and interviews. These were thought to 
be the potential problem areas and were chosen for the reason that they fulfilled at least one of 
the criteria below: 

• Area where staff often come in contact with the incubator. 
• Area where it is harder to clean. 
• Area close to the infant. 

Measurement spots were chosen in order to evaluate the differences in cleaning effectiveness 
for different materials (with different surface finish). The areas that were chosen are listed in 
Table 3-1 including which material group these parts consist of. 

Table 3-1: Type of areas that are chosen to be tested and their  material type. 

Nr Test area Material type
I Outside of porthole door + release button Plastic 
II Porthole seal Silicone 
III Inside of pothole door Plastic 
IV Tubing access cover Silicone 
V Behind draught excluder (outside of canopy) Plastic 
VI Behind draught excluder (inside of canopy) Plastic 
VII Middle of mattress Fabric (plastic)
VIII Seam of the mattress Fabric (plastic)
IX By the vapour inlet Plastic 
X Around the flange (bed heating element) Plastic and rubber
XI Tilt screw ball Stainless steel
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Furthermore an illustration, together with a short description, of the location of each 
measurement spot is shown in Appendix II. 

3.3.3 Incubator location terminology 
Different areas of the incubator were colour coded to identify and separate identical areas (see 
Figure 3-2a). Further implemented incubator zone terminology can be viewed in Figure 3-2b. 

a)

 

b)

Figure 3-2: a) Incubator colour coding and b) Incubator zone terminology. 

This terminology was used throughout the whole measurement phase and will in addition be 
used in the report. 

3.3.4 Order of test areas 
The order in which measurements were performed was determined with the aim of minimizing 
the risk of contamination of the not yet tested areas as well as considering the dismantling 
order of the incubator. The set order of the test areas is presented in Table 3-2. 
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Table 3-2: Order of test areas and their placement. 

Nr Test Area Position 
1 Porthole door + release button Yellow 
2 Porthole door + release button Blue
3 Porthole door + release button Red
4 Porthole door + release button Grey 
5 Porthole door + release button Lilac 
6 Porthole seal Yellow 
7 Porthole seal Blue
8 Porthole seal Red
9 Porthole seal Grey 
10 Porthole seal Lilac 
11 Inside of porthole door Yellow 
12 Inside of porthole door Blue
13 Inside of porthole door Red
14 Inside of porthole door Grey 
15 Inside of porthole door Lilac 
16 Tubing access cover Yellow 
17 Tubing access cover Blue
18 Tubing access cover Grey 
19 Tubing access cover Lilac 
20 Tubing access cover Top middle 
21 Behind draught excluder outside Bottom of Canopy 
22 Behind draught excluder inside Bottom of Canopy 
23 Canopy Bottom half of the top
24 Bottom edge of canopy + draught excluder Top, left + top 
25 Mattress Middle 
26 Seam of the mattress 
27 By the vapour inlet Right bottom corner
28 Around the flange Bottom of the Chassis
29 Tilt screw ball Top right corner of the 
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3.3.5 Choice of testing method & ATP thresholds 
The total ATP (ATP+AMP) method was chosen because of the simplicity and effectiveness 
which enabled many measurements in a short amount of time. It also measures biological 
debris (see page 20), that act as nutrition for bacteria and thereby increase the risk of HCAI and 
is important to measure.   The threshold was set to 200 RLU for all surface types after cleaning. 
This was based on the strictest threshold from Kikkoman [54] and is 50 RLU lower than the 
concluded most used benchmark concerning ATP testing within healthcare by Amodio & Dino 
[5] and is further presented in Section 2.6.1. A stricter RLU threshold was chosen due to the 
absence of skin barrier in preterm infant [20] and the high risk of infection presented in Section 
2.5.1 which the goal is to prevent. Before cleaning the threshold was set to 1 000 RLU, in 
accordance with the threshold applied by the patient safety and patient quality department at 
Karolinska [80]. 

3.3.6 Procedure of total ATP Measurements 
In accordance with the instruction leaflet, about ATP+AMP hygiene monitoring with the 
Lumitester PD-20 [61], the test areas were chosen to be 10 x 10 cm. When not achievable, the 
areas were selected to correspond to an area of 100 cm2. Exceptions were made for the seam of 
the mattress and the porthole seals. The seam of the mattress measurements were performed 
on the upper and lower side, resulting in a measured area of 200 cm2. Consequently the needed 
labelling technique that ensured that measurements were executed on the same seam after 
cleaning became unnecessary. The entire porthole seal contact surface area of 120 cm2 was 
measured; this excluded the need of a template. Templates are further explained in Section 
3.3.7. Measurement results concerning the seam of mattress and porthole seals were corrected 
afterwards to correspond to an area of 100 cm2 and rounded to the closest integer. 

Total ATP luminescence measurements were performed according to the instruction leaflet 
accompanying the LuciPac Pen [62] and the procedure is illustrated in Figure 3-3. The 
swabbing pattern illustrated in step three (Figure 3-3) was used and followed by the same 
pattern shifted 90 degrees, to maximize the retrieval of potential biological matter and microbial 
activity. Special patterns were used when swabbing the porthole seal and the tilt screw ball (see 
Figure 3-4 and Figure 3-5). 
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Pull the swab stick (S) out of 
the main body (B). 

Wet the cotton swab with water. 
Test the water prior to testing* 

Swab the whole surface of the 
test area with the cotton swab. 
Repeat the swabbing motion 
90 degrees shifted. 

Put (S) back into (M) and 
push it closed, while resting 
on the palm of your hand. 

Shake the closed body a dew 
times so that the liquid 
descends into (T). 

 
Shake the closed body so that 
the powder  dissolves in (T). 

Insert the closed body into 
the Lumitester PD-20. 

Put the Lumitester PD-20 on the 
stand. When handheld hold with 
an angle above 60 degrees. 

* = If the level of RLU in the tap water is high, let water flow a few minutes or clean tap as recommended by 
manufacturer. 
Figure 3-3: ATP+AMP measurement instructions when using Kikkoman 
LuciPac Pen and Lumitester PD-20. 

876

543

21
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Figure 3-4: Swabbing technique on porthole seals viewed from above looking at the contact 
surface area. 

 The porthole seals contact surface area was firstly swabbed with the length of the cotton swab 
held in contact with the seal and the length of the LuciPac Pen held perpendicular to the wall 
while doing a circular motion to maintain the contact; this motion is illustrated with horizontal 
arrows in Figure 3-4 and was followed by a zigzag motion. When swabbing the tilt screw ball 
the LuciPac Pen was positioned against the base as illustrated in Figure 3-5. 

 

Figure 3-5: Position of LuciPac Pen when 
swabbing against the outer rim (dotted 
line positioned one cotton swab diameter 
from platform) of the measured area of the 
tilt screw ball. 
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3.3.7 Templates 
Templates were created to consistently ensure that the same region of 100 cm2 was measured. 
For some areas, the need for templates was non-existent. The test areas were measured with a 
tape measure where possible, such as on the mattress, (see Figure 3-6). Other areas were 
determined with the free pixel counting tool AnalysingDigitalImages 6. An example is displayed in 
Figure 3-6. 

 

Figure 3-6: Measuring tape used to identify the template size by the pixel counting tool. 

There are two different types of templates. The first, Type I, is a template where the cut-out 
hole in the middle represents the area intended for measurement (see page XII in Appendix 
III). The second, Type II, is a template that covers the area not intended for measurements, 
leaving the intended test area available (see Figure 3-7). Measurement areas that required a 
template are categorized in Type 1 and Type II in Table 3-3.  

                                              
6 Retrieved from https://sites.google.com/a/globalsystemsscience.org/global-systems-science/software/download 
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Figure 3-7: Illustration of a Type 2 (Type II)  template that is intended to 
cover the area that is not intended to be measured. 

 

Table 3-3: Areas in need of templates and the type they belong to. 

Type 1 Type II

Tubing access covers Porthole door + release button [Outside] 

Canopy - Top, inside Inside of porthole door

Middle of mattress Canopy  [bottom left edge] + draught excluder [top]

 Vapour outlet

 

All template guides used can be found in Appendix III and they are size 1:1 when printed on 
size A4 paper without scaling7.  

All measurement areas were enlarged by 2 mm in the direction of the template. This is an 
enlargement of the measurement area, but should not be used when measuring. The 2 mm 

                                              
7 Copying the appendixes from the book does not work without scaling. 
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extra space is surrounding the area in a Type I template and bordering in a Type II template 
(see Appendix III) and enables the tester to measure the whole 100 cm2 area with a lower risk 
of touching the edges of the template. Without extra space, one would have to touch the 
template in order to measure 100 cm2. Consequently the risk of contamination by the template 
was decreased. The templates were made out of laminating paper, without a paper in between, 
that had gone through a laminator to make it sturdy. They were cut into the correct shape with 
the help of the template guides and the edges of the template adjacent with the measurement 
area were coloured with a permanent marker pen; in order to clearly see when the swab is close 
to the edges and be able to stop 2 mm from the edge.  

Evaluation of templates 

Prior to the total ATP measurements, the templates were evaluated and two different tests on 
incubators were performed. The first was to test if the templates could be used, and how 
practical they were. This, for example, lead to the conclusion that it is not possible to avoid 
touching the template made for the test for the screw ball and the outer rim of the 
measurement area is defined by the width of the cotton swab instead (see Figure 3-5). The 
second incubator was tested as if it were a real test (including colour coding with cable ties), but 
no records were made of the measurement results. 

3.3.8 Phase I of testing 
In Phase I, a total number of five incubators were tested before and after cleaning (including 
use of alcoholic disinfectant). The 29 chosen areas listed in Table 3-2 were all measured and 
one extra LuciPac Pen was used to measure the tap water used to moisturize the cotton swab 
of the LuciPac Pen. This makes a total of 300 total ATP luminescence measurements of which 
290 were performed on the incubator. Two benchmarks, Level 1 and 2, were programmed in 
the Lumitester PD-20 for different modes (see Figure 3-8). Mode 1, before cleaning, was set to 
1 000 for level 1 and 1 500 for level 2. Mode 2, after cleaning was set with a level 1 of 200 and 
level 2 of 500. 

 

Figure 3-8: Benchmark levels when performing cleanliness level control. 
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Materials and preparations 

In order to measure the 29 areas, before and after cleaning, the items listed in Table 3-4 were 
used. Firstly the LuciPac Pen were taken out of the refrigerator and placed in room temperature 
at least 20 minutes before testing, in accordance with the accompanying manual [62]. The 
LuciPac Pens had to be removed from the package, as the package functions as an isolator (see 
Figure 3-9b). The LuciPac Pens were left in room temperature until they acquired the ambient 
temperature. 

Table 3-4: Objects needed for total ATP-measurements. 

Object Quantity

Lumitester PD-20 1

Stand for Lumitester PD-20 1

LuciPac Pen 60

Screwdriver  2 in total
1 hex & 1 Philips 

Templates 7

Surgical masks 2

Powder free gloves Minimum of 4 pairs (two per person) 

Infrared thermometer 1

Cable ties 
- Yellow 
- Blue 
- Red 
- Grey 
- Lilac 

7 in total
1 
3 (2 for the left detachable wall, see Figure 3-9a) 
1 
1 
1 

Bin (for used LuciPac Pen) 1
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a) 

 

b) 

Figure 3-9: a) Colour coding with blue cable ties of left detachable wall and b) set-up 
before testing. 

The temperature of the room was measured with an infrared thermometer on three spots, (see 
Figure 3-10) in the middle of the wall on half the height and on the back panel of the incubator 
and the outer corner of the chassis. Temperature has a great influence on test results of an 
enzyme-based reaction [81] and the range of temperatures measured was noted on the protocol 
(see Appendix IV). For the Lumitester PD-20, Kikkoman recommends ambient temperatures 
of 20-35 °C [62].  

The templates were prepared to be clean (free of ATP and AMP) and stacked on the bottom 
right side of the bench, as shown in Figure 3-9b. 



Simon Huisman & Stéphanie Wikström 

39 
 

 

Figure 3-10: Places I-III represent where the room temperature was measured. 
IV illustrates the placement of the pillar of the incubator when its surface 
temperature was measured. 

During the testing phase 

The same person performed all of the measurements and the other person recorded the results, 
without showing the tester or cleaner. The person taking notes also made sure that the tester 
measured the correct area. The staff’s cleaning of the incubator was not observed during the 
cleaning of the incubator that has measurements taken, to minimize the risk of staff influencing 
the measurements by cleaning an area more thorough due to knowledge of high RLU values 
measured there previously.  

Saliva contains ATP and therefore no talking is advised while testing [58]. Surgical masks were 
used to eliminate contamination by saliva and enabling communication (see Figure 3-11). 
Powder-free gloves and staff clothing were used (see Figure 3-11) due to powdered gloves 
containing ATP. 
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a) b)

Figure 3-11: The use of gloves, mask and staff clothing during testing for the tester in a) and 
the note taker in b). 

Tests were done following the protocol that can be found in Appendix IV. Expire date and lot 
number of the LuciPac Pen and confirmation that masks and gloves were worn was noted in 
the protocol before the measurements started. The areas were measured in accordance with 
Table 3-2. Identical parts were disassembled and colour coded with cable ties, in accordance 
with the colour coding as shown in Figure 3-2a. No individual labelling of the tubing access 
covers was needed; because both the top and bottom were within the same measurement area. 
The tubing access covers were removed after the ATP measurements was performed and put 
into colour coded baskets, that went into the disinfector as demonstrated in Figure 3-12. This 
insured that the equivalent pair of access covers was measured after cleaning. 

For the first three incubators the templates were cleaned in the disinfector. For all other 
incubators they were disinfected by hand in order to leave more room in the disinfector. 

When finished with the measurements before cleaning, one staff member cleaned all the 
incubator parts. This person was aware that measurements were to be made, but not exactly 
where. The parts were cleaned and put to dry. When dry, assembling was done by the tester 
with the same conduct as the cleaner. 
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Figure 3-12: Placement of blue tubing access cover (on the side) in the 
corresponding basket labelled in the corners with blue cable ties. The 
top middle access cover (big) is unique and does not have to be 
labelled. 

During all testing, not only the measured value was noted on the protocol (and stored in the 
tester), but also abnormalities like touching the template with the swab-stick (this could mean 
some contamination) were noted on the protocol. It was also written down if foam appeared 
both while testing on the surface or when apparent inside the LuciPac Pen prior to analysis 
with the Lumitester PD-20. The colour coded template of the test protocol is visualized, 
together with a list of checked after abnormalities, in Appendix IV. All the templates were 
disinfected before starting to measure, after cleaning, so that no active bacteria were transferred 
to the cleaned incubator. 

Measurements after cleaning were performed in reverse order starting with the tilt screw ball 
and finishing with the outside of the porthole doors and release button, due to accessibility. 

Post-testing 

After the completion of all tests, templates were disinfected and stored for further use. Values 
were read into a PC to be analysed. All other tools were disinfected and the incubator was 
disinfected once more on areas 1 to 16. When finished, the incubator was moved to the 
incubator storage and turned on to 35 °C without humidity, according to protocol. 
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The Lumitester control software allows to export to either a .csv file, which can be opened in 
Microsoft excel, to a .pdf or as a picture. Both the Excel-file and the picture were stored, where 
the picture was used as an original source. The software Lumitester Control Software (Kikkoman) 
V1 was used. 

Evaluating measurements from Phase I 

Results from phase I, which contained 300 measurements, revealed that some of the areas that 
showed visible debris got values close to 0 RLU. These areas have high uncertainty due to foam 
or soap inhibiting the luminescence reaction and were therefore excluded from the test results. 
All measurements where foam appeared, within the LuciPac Pen after shaking, and when the 
cotton swab touched a surface or edge other than the measurement areas were excluded. 
Exceptions were made if foam appeared and the value was above the threshold due to the true 
value of the measurement having a higher value, despite the fact that soap works as an 
inhibitor. Hence the measured area was still with certainty above the threshold and the 
calculation will portray a worst case scenario making determined problem areas less probable 
due to values closer to the threshold creating a larger test standard deviation. 

3.3.9 Phase II measurements 
The remaining tests were performed in the same way as the first 300, with the exception of 
those spaces that often did not provide reliable results due to remains of soap on the measured 
surface. The number of test areas was reduced to 20 for each incubator, containing the first 20 
areas due to frequent soap remains on areas 21 to 29 that often were excluded. Seven more 
incubators were tested providing a total of twelve incubators. 

3.3.10 Statistical analysis 
The standard deviation population mean (σ) was not known and therefore the use of the 
sample standard deviation (s) with a one-sided t-distribution was chosen; the significance level, 
p, was set to 0.05.  

The null hypothesis (see Table 3-5) can be rejected if the t-value of the test is greater than the 
critical t-value; the t-value is dependent on number of measurements and the p-value [82]. If 
the critical t-value is exceeded it implies that there is a less than 5 % chance of the area being a 
non-problem area. Thereby the null hypothesis, stating that the areas are not problem areas, can 
be rejected. Thus making the alternate hypothesis true, which labels the measured area as 
problem area, with a p-value of 0.05. 
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Table 3-5: Null and alternate hypothesis where μ is a random average. 

 Null hypothesis Alternate hypothesis 

Before cleaning H0,Before: µ ≤ 1 000 RLU HA,Before: µ > 1 000 RLU 

After cleaning H0,After: µ ≤ 200 RLU HA,After: µ > 200 RLU 

 

The clean and dirty zones were compared, and it was assumed that the clean zone contains less 
ATP than the dirty zone, even in the corresponding parts of these zones. The comparison 
contained analysis of yellow versus lilac for the clean zone, for each measured incubator, and 
blue versus grey for the dirty zone. The entire amount of total ATP in the clean zone 
(excluding the tubing access covers) was also compared to its corresponding dirty zone, for 
each measured incubator. 
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4 Results 

The results of the observations, interviews and total ATP measurements are presented in this 
chapter. Detailed results from the total ATP measurements can be found in Appendix V and 
VIII. 

4.1 Observations 

Firstly the observations made during clinical use of the Giraffe OmniBed incubator is 
presented, followed by the observations in the sluice room and the cleaning routine of the 
incubator. Hereafter the areas identified as hard to clean are listed and lastly the results from 
the total ATP measurements are presented. 

4.1.1 The incubator in clinical use 
The  areas of the incubator that members of staff and parents came in contact with were: 

• Porthole doors and release buttons. 
• Porthole seals. 
• Mattress. 

Bottles of hand disinfectant are placed strategically near the incubator. There is no disinfecting 
of hands before touching the medical equipment, such as when silencing alarms, but before 
passing through the port holes it was observed to be a routine action for all members. The top 
of the incubator, when in clinical use, has not in one single case during the observations been 
used as an area to temporarily store items. Trolleys were used to keep attributes close and were 
cleaned with surface disinfectant before and after use. Dirty or used disposables were put in a 
plastic bag on the bottom shelf and the clean and unused items are laid on the top shelf of the 
trolley. 

Condensation on the inside walls and canopy was wiped away with single use disposable paper 
towels. 

When staff was working with the infant in the incubator, no height adjustments were observed. 
Though it is relatively easy to lower (or increase) the height of the incubator for a more 
ergonomic posture, this action was seldom performed. The height adjustment has only been 
observed when installing the incubator without a patient present inside.  
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4.1.2 Cleaning of the incubator  
The sluice room is relatively small and divided into two sections. One for the laundry and one 
for cleaning items such as incubators and patient beds (see Figure 4-1). A 142 cm wide door 
turns inwards into the room and the windows also turn inwards and cannot be opened 
completely, due to the bench (12 in Figure 4-1). Images of the sluice room are presented in 
Appendix VI. 

Figure 4-1: Layout of the sluice room at the NICU at KS. 
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The cleaning area is to the right of the dividing wall illustrated in Figure 4-1. The dimensions of 
some of the equipment and storage surfaces are displayed in Table 4-1, the numbers are 
referring to those in Figure 4-1. 

Table 4-1: Selected dimensions in sluice of parts presented in Figure 4-1. 

Nr  Length (cm) Width (cm) Height (cm)

 Right side of the room ≈400 218 220 

8 Clean bench 100 60 90 

10 Sink 138 89 89 

11 Dirty bench 140 60 89 

 

The distance between the bench used to store cleaned parts (Clean bench, number 8), and the 
bench used to store the uncleaned items (Dirty bench, number 11), is just under 1 m. All 
benches and equipment are stationary within the sluice, with the exception of the garbage bin 
(number 2) and the laundry bags (numbers 3 to 6). 

The disinfector (number 9), and the drying cabinet (number 7), are not connected to the 
ventilation system, and have their exhaust close to one of the ventilation outlets instead (see 
Figure 4-2). This allows a part of the heat from these machines to enter the room. 

 

Figure 4-2: Ventilation to disinfector. 
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Observations of the incubator cleaning procedure 

Inside the sluice room the members of staff wear hospital clothing, and use a disposable plastic 
apron together with single use gloves, while cleaning incubators. The cleaning procedure of the 
Giraffe OmniBed incubator starts with the removal of the porthole seals, tubing access covers 
and the humidifier reservoir which are then placed in the disinfector, displayed in Figure 4-3, 
and are cleaned with a program reaching 90 °C. In about half of the cases the fan wheel and 
canopy seals, holding the draught excluders in place, are also cleaned in the disinfector. The 
draught excluders fit in the disinfector, but the plastic material of the draught excluder deforms 
when submitted to the high temperature of the washing program, and are therefore washed by 
hand. The disinfector cleaning program lasts for about 60 minutes. The drying function of the 
disinfector is no longer fully operational and therefore the parts are, after the disinfector has 
finished, moved to the drying cabinet (number 7 in Figure 4-1) for a minimum of 20 minutes at 
70 °C. 

a) b)

 

Figure 4-3: a) Disinfector used in the cleaning process. b) Inside of the 
disinfector. The basket is displayed on the door for show only. When in use 
the basket is placed on the bottom shelf and a metal bar lid is placed on 
top of the tubing access covers to keep them from flying around. 
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Further disassembly of the incubator is done in accordance with the Giraffe OmniBed Cleaning 
Instructions, with the exception of the notched seal which is not removed. Two different 
methods concerning disassembly were observed. The first, method A, illustrated in Figure 4-4a 
and b, involves the stacking of all removable parts in the sink before cleaning, in order to put 
the fan wheel into the disinfector and start the cleaning program directly. The second, method 
B, illustrated in Figure 4-4c involves removing one item and cleaning it before detaching the 
next part. Manual cleaning of the fan wheel is necessary when using method B or a delay in the 
cleaning process while waiting, for the disinfector and drying cabinet to finish, will occur. 
Method A has been observed most. 

a) 

 

b) c)

Figure 4-4: Two different methods exist when disassembling parts for manual cleaning. a) 
and b) In method A the parts are removed and stacked in the sink and cleaned one by one. 
c) In method B, one item at a time is removed and cleaned. 

Manual cleaning has several stages. First, the detachable parts (excluding porthole seal, tubing 
access covers, humidifier reservoir and the notched seal) are cleaned with soap and water in the 
sink with the help of a dish brush and a single use cleaning cloth as illustrated in Figure 4-4a 
and c. The soap and water are mixed in a jug and the rag and brush are dipped in the mixture 
before rubbing the tool over the whole surface. The objects are thereafter rinsed with warm 
water using a shower head, hanging down over the sink (see Figure 4-4b), and put to dry on the 
Clean bench (see Figure 4-5). The area for clean parts was very limited, as illustrated in Figure 
4-5, and often resulted in parts leaning against the wall behind the bench. The hand washed 
detachable parts are not always cleaned in the same order. This results in different stacking 
techniques; a collection of the examples observed are displayed in Appendix VI. The towels on 
the bench, shown in Figure 4-5, are used to prevent the parts from slipping off the bench and 
to soak up excess water. 

A A B
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Figure 4-5: Hand washed parts drying with stacking technique I. 

The mattress is cleaned with a damp cloth with soap and then without rinsing wiped with a 
paper towel doused in surface disinfectant. This action is executed while placing (or supporting 
the edge) of the mattress on the Dirty bench or partly on the edge of the sink as illustrated in 
Figure 4-6. The mattress is then placed together with the other larger parts to dry. The scale is 
only wiped with surface disinfectant while resting on the Dirty bench and then placed on the 
Clean bench. 

 

Figure 4-6: Example of placement of the mattress 
during cleaning with the Dirty bench in the left bottom 
corner. 
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The left and right wall are dried with a towel to decrease the risk of dried water stains appearing 
on the surface and placed back together with the other parts to dry.  

The cleaning procedure continues with the cleaning of the main body of the incubator. Here 
the rag and brush are used to spread soap and water on parts such as the chassis, drawer, 
canopy  and the bottom and top wall, as seen in Figure 4-7.  

a) b)

c)

Figure 4-7: Cleaning of the main body: a) the basin part and bottom incubator wall b) 
on the inside and c) on the canopy. 

The pillar of the main body should not be submitted to water because of electronics residing 
inside. Therefore one end of a towel is wetted and used to wipe the cleaned surfaces, followed 
by the dry half of the towel with the purpose of soaking up excess water and residue. During 
this phase the wet half of the towel is hung over the edge of the sink and rinsed with water, 
from the shower head, multiple times, in order to remove the gathered residue. Between the 
draught excluder guiding rails and the canopy a disposable paper towel is used to gather the 
residue (see Figure 4-8). 
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Figure 4-8: Drying with paper towel between 
canopy and draught excluder guiding rail. 

When cleaning the canopy, it has to be raised high enough in order for the doors, protecting 
the radiant heater, to open. Later in the cleaning procedure the canopy must be lowered in 
order to reach the outside of the canopy and the outside of the radiant heater doors and this 
height adjustment can only be performed with the fan wheel in place. A problem arises when 
the wheel is placed in the disinfector and the machine has not finished with the cleaning 
program. This can lead to disturbances of the cleaning routine and increase the time it takes to 
clean an incubator. All parts are then disinfected with single use disposable paper towels 
saturated with surface disinfectant. Depending on where the cleaner stands, it might not be 
possible to see the reflection of where the disinfectant was applied. The surface disinfectant 
used is produced by Des & clean and labelled +45 and recommended 60 minutes to evaporate 
before the incubator can be reassembled. 

At the end of the working shift the sluice employees disinfect the Dirty and Clean bench and 
the handle of the drying cabinet and disinfector. The jug and dish brush are placed in the 
disinfector for cleaning. 

Plastics that are sensitive of surface disinfectant will, in time, crack as is illustrated in Figure 4-9. 
These cracks decrease the visibility of the infant. The impact on the amount of bacteria is not 
clear, although it is hard to clean inside these micro-cracks, enabling bacteria and dirt to gather 
there, increasing the risk of containing and spreading HCAI. 
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Figure 4-9: Cracks in plastics, porthole door. 

Damages to the chassis were observed in only two incubators, an extreme example is shown in 
Figure 4-10. Even though these cracks are not in the actual patient area, they do not contribute 
to easily maintain a high level of hygiene. Cleaning within the cracks, and the area behind, is not 
possible with the tools used when cleaning. 

 

Figure 4-10: Broken chassis. 
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Observations in the incubator storage room 

An incubator, after cleaning, is placed into a storage room and set to 35 °C without humidity. 
The incubators are placed here so they are ready to use if the need arises. The incubator storage 
room has a temperature of 27 to 30 °C resulting in a smaller temperature difference between 
the incubators and the room. The ventilation system is not fully adapted to the way the room is 
utilized, contributing to the higher room temperature. This has an advantage since the 
incubators use less energy to keep their 35 °C. 

When there is no space in this room, clean incubators are places in the corridor (without the 
heater on and without electricity), or in empty rooms of the ward. Where the incubators are 
turned on and kept on standby, ready for use.  

There is only one door into this incubator storage room. The incubators that are placed against 
the back wall are stationed a longer period of time than those close to the door. Figure 4-11 
shows how this room is filled with incubators cleaned and ready for use; more images are 
presented in Appendix VI. 

 

Figure 4-11: Giraffe incubators standing in the storage room. 

A very uneven workload for the cleaning of incubators was observed; it can vary from zero to 
five incubators that are changed during one day and are in need of cleaning. 
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4.1.3 Areas identified as hard to clean 
The following areas of the incubator were observed as more difficult to clean. 

• Cavities in the translation deck (see Figure 4-12a). 
• Bed heating element (flange) (see the black object in Figure 4-12b). 
• Between draught excluder railing guides and canopy (see Figure 4-8). 

• Basin part of the chassis (see Figure 4-12b). 
• Mattress (see Figure 4-6). 
• Scale (see Figure 2-6a). 

• Around the radiant warmer (see Figure 4-13b). 
• Bottom corner of canopy, top side (see Figure 4-13a). 
• Inside cavities of the bottom wall (see Figure 4-14). 

• Screw heads such as in Figure 4-14. 
• Attachment sites of left and right wall (see Figure 4-15). 

a) b) 

Figure 4-12: a) Cavities in the translation deck and b) bed heating element area that 
are hard to clean with tools used during cleaning. 
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a)  b) 

 

Figure 4-13:  Areas that are hard to clean in a) 
bottom edge of canopy, left corner and b) parts of 
the radiant warmer. 

 

 

Figure 4-14: Cavities and screw heads that are hard to clean on the wall 
at the bottom end of the incubator. 
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Figure 4-15: Attachment sites of left and right wall where it is hard to clean. 

The base of the tilt screw ball can be unscrewed so that access can be gained beneath it (see 
Figure 4-16). This step is not part of the cleaning process but is advisable due to the finding of 
debris. 

Figure 4-16: Unscrewed tilt screw ball 
base, making it ascend and illustrated with 
a dotted arrow is creating a gap where 
debris was identified. 
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4.2 Interviews 

This section summarizes the results from the interviews based on the topics presented in 
Appendix I.  

Interviews regarding handling of the incubator 

The porthole doors and seals of the incubator are, together with other equipment, disinfected 
three times a day by clinical staff (once every shift).  

Textiles close to the patient are changed at least once a day, or more often if the need arises, to 
minimize the risk of bacteria settling and spreading. Small baby blankets are first worn by either 
one of the parents (preferably against the chest area) and then placed into the incubator so that 
the infant can smell the scent of his or her parents. During the change of textiles, the mattress 
is cleaned in three steps: first the mattress is wiped with paper towels soaked with soap and 
water, followed by wet paper towels and finally a paper towel soaked in disinfectant. The used 
textiles are washed at 85 °C, at the NICU in the sluice, with the exception of the bed linen 
(pillowcase) covering the mattress. This is sent to central washing and washed at 60 °C.  

When the staff members interact with the incubators, the clean and sterile attributes are 
introduced into the incubator through the upper (yellow, lilac) portholes. Used (dirty) items are 
removed through the lower (blue and grey) portholes. This procedure is performed in order to 
maintain the clean zone (upper half of incubator) and dirty zone (lower half) (see Figure 3-2b). 
An exception is a clean diaper; this is introduced trough the lower porthole. 

The preterm infants are moved to a clean incubator every seventh day, if they are healthy 
enough. If the relative humidity setting exceeds 80%, the incubator is, if possible, changed 
every third day, due to previous findings of mould on the bottom of the chassis by the vapour 
inlet. After the change, the used incubator is taken to the sluice room to be cleaned. The plan is 
to switch the incubator so that it is ready for cleaning at 9:00 in the morning but this happens 
rarely in practice. If the infant is stable enough, the staff usually waits until the parent(s) arrive, 
enabling the infant to be held skin to skin before placed in the next incubator. Unpredicted 
treatment measures arise frequently, delaying the planned change of incubator. The staff in 
every patient room knew when they were going to change the incubator, but there seem to be a 
lack in communication between the rooms. 

Some staff members have complained about the height limitation to which the incubator 
chassis can be raised. For those who are 180 cm or taller, it is not possible to work with the 
arms resting on the porthole seals without bending their back. Others have mentioned that the 
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incubator generates unnecessary noises. This concerns particularly the drawer. In some cases, it 
creates an unwanted level of noise when it is being drawn out or pushed back. 

Interviews regarding incubator cleaning  

During weekdays, between 9:00 and 15:30, there is a staff member present who works in the 
sluice room. This person has worked there, cleaning incubators, for more than five years. Tasks 
include taking care of laundry, the kitchen and the cleaning performed in the sluice such as 
incubators, baby beds and baby tubs. 

When cleaning incubators, an experienced cleaner manages to clean about two to three Giraffe 
incubators during one shift, and a less experienced worker manages one or two. This requires 
that at least one of the incubators is available for cleaning when the shift starts. When there are 
three to seven days between changes of the incubators and all incubators are in use, about 20 
incubators have to be cleaned every week.  

Used incubators, which have not been cleaned during the day, were left until the morning if no 
time for cleaning was available during the evening and nightshift. 

The incubator parts that the staff found hardest to clean are listed below. Not all of these areas 
were identified by only observations (see Section 4.1.2). Many of the parts are hard to clean due 
to for example the cavities that were found during observations. 

• In-between the draught excluder rail and the canopy. 
• By the heating element (flange). 
• Canopy. 

• Inside the doors in front of the radiant warmer. 
• Chassis (basin, bottom). 
• Anchor point of the right and left walls. 

• Lower areas of the incubator. 
• Mattress. 
• Holes in the translation deck 

The areas that the staff found easiest to clean (besides those that were cleaned in the 
disinfector) were the detachable parts such as right and left wall, x-ray tray and clear plate. 
Other parts such as the pan and tilt platform are heavy and hard to lift into to the sink. The 
part of the incubator cleaning procedure that was the toughest and most gruelling was the 
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disinfecting of all the parts of the incubator, vaporizing surface disinfectant causes both 
dizziness and red irritated eyes. 

4.3 Total ATP measurements 

Total ATP (ATP+AMP) measurements were performed in order to identify problem areas and 
confirm them by testing them against the hypothesis presented in Section 3.3.1 and 3.3.10 by 
analysing the t-distribution for p=0.05. Total ATP was measured in 29 different spots in 5 
incubators in phase I, and reduced to 20 spots for 7 incubators in phase II. This resulted in 570 
measurements performed on 12 incubators. Of these measurements 525 were included in the 
calculations. The majority of the excluded measurements were collected from the chassis, 
mattress and main body of the incubator. These were excluded mainly due to existents of soap 
on the measured surface, resulting in the inhibition of the ATP luminescence reaction hence 
resulting in unrealistic low RLU values. Tables with the results from all measurements can be 
found in Appendix VIII. Tap water was measured in phase I but all measurements were within 
the noise level of the tester (below ten RLU). Due to the low amounts of ATP and AMP, the 
tap water was excluded as a possible contamination path. 

4.3.1 Before cleaning 
The total ATP measurements performed on incubators before cleaning fluctuated from 60 
RLU, a single measurement on the inside of the canopy, to 168 559 RLU on the draught 
excluder below the radiant heater. All minimum and maximum measured values, before 
cleaning, are presented in Table 4-2. The measurements performed on the inside of the canopy, 
before cleaning, resulted in measurements values below the set threshold of 1 000 RLU. Hence 
this area does not confirm the hypothesis of being a problem area. Of all areas, the port-hole 
seals contained the highest amount of total ATP from areas tested in all twelve incubators 
before cleaning.  
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Table 4-2: Minimum and maximum total ATP values measured before cleaning and sorted per 
measurement area. The number of measurements is equal to n. a) Measuring areas 1 to 15. b) 
Measuring areas 16 to 29. Area number terminology is defined in Table 3-2. 

a) Outside of porthole door + 
release button Porthole seal Inside of porthole door 

Area 
 Nr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MIN 658 1 864 474 2 068 1 517 5 230 5 301 589 3 904 3 101 734 1 005 429 1 150 1 274

MAX 8 275 13 938 27 904 9 022 40 351 16 456 15 135 14 378 18 915 23 625 4 855 8 034 9 317 6 598 5 840

ni 12 12 12 12 12 12 12 11 12 12 12 12 12 12 12

b) 
Tubing access cover 

Behind 
draught 
excluder 

Canopy Mattress Bottom of 
incubator 

Area 
Nr 16 17 18 19 20 21 22 23 24 25 26 27 28 29
MIN 405 177 248 145 299 675 355 60 1 105 313 1 290 1 100 114 131

MAX 2 579 1 896 12 888 8 669 2 921 997 1 122 415 168 559 2 464 2 998 22 678 3 598 898

ni 12 11 12 12 10 2 4 3 3 5 5 4 3 3

i: number of measurements at corresponding area. 

The null hypothesis, before cleaning (see Table 3-5), could be rejected for the areas presented 
in Table 4-3 which determining them to be problem areas with a statistical significance of 
(p<0.05). All the identified problem areas, except the tubing access covers, were observed as 
areas that the staff and parents often came in contact with. 

Table 4-3: Indentified problem areas, before cleaning (p<0.05). 

Nr Area Location 
1 

Outside of porthole door + release button 

Yellow 
2 Blue
3 Red
4 Grey
5 Lilac
6 

Seal 

Yellow 
7 Blue
8 Red
9 Grey
10 Lilac
11 

Inside of porthole door 

Yellow 
12 Blue
14 Grey
15 Lilac
19 Tubing access cover Lilac
26 Seam of the mattress -
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4.3.2 Clean versus dirty zone 
The result of the comparison of porthole doors and seals in the upper (clean half) and lower 
(dirty half) part of the incubator are presented in Table 4-4. The raw data is presented in 
Appendix 5 and illustrated in table form in Appendix VIII. 

The yellow porthole seal contained a higher amount of total ATP than the blue, in the dirty 
zone, in 7 out of 12 incubators. All the areas measured and presented in Table 4-4 contradict 
the hypothesis concerning that the upper half of the incubator always being the clean zone and 
the bottom half always the dirty zone.  

There can be more total ATP residing on the surface due to the area being on the dominant 
hand side of the staff resulting in more biological matter such as dead skin cells. To eliminate 
the influence of the dominate hand, the porthole doors and seals in each zone can be 
considered. These areas in the yellow and lilac zone are combined to represent the clean zone 
and all measurements in the blue and grey are combined to represent the dirty zone. The results 
show that in 7 out of 12 incubators (58%), the sum amount of total ATP measured in the clean 
zone was less than the sum amount of total ATP in the dirty zone. This contradicts the 
hypothesis of the clean zone always being cleaner, but the clean zone is more frequently a less 
contaminated zone than the dirty zone.  

Table 4-4: Clean versus dirty zone. The clean zone is not always less contaminated than the 
dirty zone which was hypothesised.  

nI 

Is clean zone cleaner?

Clean vs. dirty Position AreaYes No % TrueII 

12 6 6 50 Yellow vs. Blue 1 vs. 2 Porthole 
door + 
release 
button 12 9 3 75 Lilac vs. Grey 5 vs. 4 

12 5 7 42 Yellow vs. Blue 6 vs. 7 Porthole 
seal 

12 8 4 67 Lilac vs. Grey 10 vs. 9 

12 9 3 75 Yellow vs. Blue 11 vs. 12 Porthole 
door inside

12 6 6 50 Lilac vs. Grey 15 vs. 14 
I:    n = Number of measured incubators for the intended area. 
II:  % True = fraction of incubators when the upper ('clean') side is cleaner than the lower ('dirty') 
half of the incubator 
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The sum amount of total ATP measured in all 12 incubators in the clean zone, measured on the 
doors and porthole seals, is 439 307 RLU compared with 431 927 RLU for the same 
measurement areas in the dirty zone. Hence when studying the sum amount, there was more 
total ATP measured in the clean zone.  

4.3.3 After cleaning 
All the measured values after the cleaning process are presented in Appendix IV in the table 
named 'After cleaning'. The lowest value measured, that was not excluded, was 33 RLU. This 
was measured both times at the tubing excess covers8, once at the middle cover and the other 
at the grey. The highest value was measured to 3 503 RLU9, on the middle tubing excess cover. 
All minimum and maximum values are presented in Table 4-5. 

The lowest values appear in the areas that were cleaned with the disinfector. Consequently the 
higher values appear in the areas cleaned manually and this is therefore a less effective method. 
The tubing access covers are cleaned in the disinfector and display higher amount of ATP than 
the seals that are cleaned in the same machine. This could be due to the measurement area for 
the tubing access covers also containing a part of the walls that are manually cleaned (see Figure 
II-4 and Figure II-5 in Appendix II). 

Table 4-5: Minimum and maximum total ATP values measured after cleaning and sorted per 
measuring area. The number of measurements is equal to n. a) Measuring areas 1 to 15. b) 
Measuring areas 16 to 29. Area number terminology is defined in Table 3-2. 

a) Outside of porthole door + 
release button Porthole seal Inside of porthole door 

Area 
 Nr 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MIN 83 80 155 136 69 140 105 82 143 126 123 136 74 118 91

MAX 1 471 1 165 1 049 1 575 1 064 359 707 226 2 781 795 1 104 1 847 1 696 1 240 1 230

ni 12 12 12 12 12 11 12 9 12 12 12 12 12 12 12

b) 
Tubing access cover 

Behind 
draught 
excluder 

Canopy Mattress Bottom of 
incubator Area 

Nr 16 17 18 19 20 21 22 23 24 25 26 27 28 29
MIN 76 34 33 51 33 1 644 642 82 677 522 355 291 526 447

MAX 435 604 449 337 3 503 1 644 2 231 692 2 546 1 085 784 1 215 526 1 084

ni 12 11 12 12 10 1 2 5 4 2 2 3 1 4

i: number of measurements at corresponding area. 

                                              
8 The tubing access covers were not marked and it was assumed that the disinfector cleaning program cleaned both sides to 
the same degree resulting in an equally low RLU value after cleaning. It should still be noted that it is possible that the area 
measured after cleaning is not the same side as the one measured beforehand.  
9 A note is made that this part was placed on top of a plastic sheet that was also in the disinfector at the same time. 
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The null hypothesis, before cleaning (see Table 3-5) could be rejected for the areas presented in 
Table 4-6, thus they were concluded to be problem areas, with a statistical significance of 
(p<0.05). All of the problem areas were cleaned manually thus suggesting that the incubator 
cleaning procedure and incubator design can be improved. 

Table 4-6: Identified problem areas, after cleaning (p<0.05). 

Nr Area Location 
1 

Outside of porthole door + release button 
 

Yellow 
2 Blue
3 Red
4 Grey
5 Lilac
11 

Inside of porthole door 

Yellow 
12 Blue
13 Red
14 Grey
24 Bottom edge of canopy + draught excluder Top and left + top 
29 Tilt screw ball -

4.3.4 Effectiveness of cleaning 
Comparisons of the total ATP measurements performed before and after cleaning resulted in 
251 comparisons. This only includes areas that contained reliable (not excluded) values. Of 
these, 228 measurements resulted in a decrease in the amount of total ATP thus becoming less 
contaminated with biological matter. In 23 measurements, predominantly from the chassis, the 
amount of total ATP measured after cleaning was higher than before cleaning. This implies that 
biological matter was moved from other areas of the incubator and left at the measuring spot 
during the cleaning process. This also confirmed the observation that it is hard to get all 
residues off the chassis and insinuates that the cleaning tools or method was not sufficient; 
Especially the basin part of the chassis needs redesigning to enable proper rinsing. 

Figure 4-17 shows the average amount of total ATP for the 29 areas in 12 incubators that were 
measured. Area 21 to 29 contain only measurements from phase I, consisting of only the first 5 
incubators. The scale is logarithmic and shows that for areas 21, 22, 23 and 29 the average 
amount of total ATP measured, after cleaning, exceeded the amount present before cleaning. 
Three of these areas are on the canopy. This suggests that the cleaning method and the 
incubator design are factors that could contribute to the higher amounts of residing ATP and 
AMP after cleaning.  
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Figure 4-17: Average amount of total ATP in RLU sorted by position. Areas 21-
23 and 29 resulted in a higher amount of total ATP after cleaning. 

4.3.5 Disinfector versus manual cleaning 
Cleaning of the porthole seals performed by the disinfector resulted in a higher percentage of 
the ATP and AMP removed. The tubing access covers (position 16 to 20 in Figure 4-17) have a 
smaller percentage of ATP and AMP removed and are cleaned partly by disinfector and partly 
by hand. The disinfector removes, in average, 86% of all total ATP and the lowest values 
measured are from parts cleaned in the disinfector. None of the porthole seals have an 
increased amount of ATP and AMP after cleaning. This would mean that, from a hygienic 
point of view, when measuring total ATP, there seems to be an advantage to clean incubator 
parts in a disinfector. 
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5 Discussion 

In this chapter the recommendations for the design of future incubators, improvements of the 
sluice, the storage room, suggestions for changes in cleaning routines and workflow will be 
presented and discussed. 

5.1 Suggestions for clinical use 

The incubator mattress poses an issue from of a hygienic point of view. The construction of 
the mattress (see Figure 5-1) is made so that it is not possible to flush water over the mattress 
without some of it leaking in and creating damp areas of the foam. It is then not possible to 
drain out and could lead to some unwanted development of fungi on the inside. The mattress is 
one of the incubator parts that are closest to the infant and at the same time one of the items 
that is hardest to clean. Due to the thin outer layer of the skin of preterm infants, especially 
born before 26 weeks of gestation [20], [21], results in an insufficient barrier to prevent bacteria 
from entering the body [20], as described in Section 2.1 "The underdeveloped body". Together 
with the often immature immune system [31]  and catheters used increasing the risk of 
nosocomial bloodstream infections [43]. A clean and bacteria free mattress is preferable to 
decrease the risk of spreading HCAI (see more in Section 2.5.1).  

Our total ATP measurements have shown that even a cleaned mattress has high RLU values 
were the maximum read 1 085 RLU which is more than five times the set threshold. The 
amount of total ATP does not necessarily imply that there are a high number of active bacteria 

a) b)

Figure 5-1: a) Mattress in full view. b) Close-up of the seam of the mattress. 
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but even with a few or none this results in an area containing a high amount of fertile soil for 
bacteria to expand from.  

Two solutions have been identified concerning the mattress problem. In order to minimize the 
amount of biological matter and microbial contamination residing on the mattress, after 
cleaning, the amount of ATP and AMP during use have to be diminished. For this reason the 
multi-use dark blue hygienic pillow covers used at the ward could eventually be used as a 
protective cover to surround the mattress. The regular bed linen would then be placed on top 
of the protective cover and instead of cleaning the mattress surface when changing textiles, the 
cover would be wiped. Thus presumably diminishing the amount of organic and microbial 
contamination of the mattress surface and therefore decreasing the risk of dampness reaching 
the inner layer of foam. This solution would increase the laundry load on the department which 
is a drawback and the existing size of the protective cover may need to be customized to fit the 
mattress. Advantages are still that new mattresses would not have to be bought as regularly 
because they are not submitted to wetted paper towels as regularly. Hence it would most likely 
take longer for water to leak in and creating a perfect environment for fungi to grow. The other 
solution would be to look for a different mattress that can be washed in a washing machine (at 
a temperature above 60 °C) or can be flushed with water and disinfectant without any leakage 
into the mattress. 

Observation showed that single use paper towels are used to soak up the condensation (rain-
out effect on the walls and canopy) on the inside of the canopy. A study by Van Kats et al. [83] 
showed that the use of microfiber cloths, when wiping away the condensation form on the 
inside of the incubators, is preferred as they remove more bacteria from the surface and 
possibly add less new bacteria to the surface. Further studies by Griffith et al. [84] in 2003 
measured approximately 620 faucet handles, soap dispenser activator mechanism and folded 
paper-towel dispenser exits each [84]. The RLU benchmark was set to 500 and the results 
ranged from 76 RLU to 126 000 RLU [84]. The paper towel dispenser held the lowest values of 
ATP and bacteria, determined via ACC and staphylococcal counts, but could still present as a 
contamination risk [84]. Results from total ATP measurements showed that 92% of the 
measurements exceeded the benchmark and the mean total ATP for the dispenser was 1293 
RLU [84]. Previous studies made by Griffith et al. in 2000 [85] indicated that hand contact sites 
hold a micro-organism count comparable to 33% of the measured amount of ATP and AMP. 
The study by Griffith et al. [84] resulted in a mean percentage of 19% for the ACC and the 
staphylococci, above the benchmark of 20 CFU/cm3. The risk of cross-contamination 
concerning paper towel dispensing was studied by Harrison et al. [86] and the transfer from a 
contaminated dispenser to clean hands ranged between 12.4% and 13.1%. The results indicated 
that there is a possible back and forth transfer between the dispenser and hands when paper 
towels are collected which could lead to further contamination [86]. Different brands of unused 
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paper towels have been analysed and it was found that they held 102 to 105 CFU/g and these 
may be transferred to other surfaces when contact is made [87].  

Several studies [84], [85], [86], [87] indicate that there is a risk of spreading bacteria via the 
paper towels collected from the dispenser. The baby blankets used at KS is a microfiber cloth 
and these, or another type, could be used instead of paper towels when an inside area of the 
incubator needs to be wiped. A disadvantage would be the extra amount of laundry this 
provides but it could decrease the amount of microbial count added to the micro environment 
of the sensitive infant and thereby decreasing the risk of spreading HCAI. 

5.2 Improvements in incubator cleaning 

There are many parts of the cleaning process that can be made easier. This includes not only 
the sluice, but also the routines in and surrounding the sluice room. There are three larger areas 
of improvement that will be discussed: the sluice, the incubator and the cleaning routines. 

Sluice and incubator storage room layout and incubator flow 

During the observations no cleaning of the walls or the sink was observed. The benches were 
disinfected regularly and the floor was mopped at least once a day. It was observed that the 
mattress and scale were cleaned while in contact with the Dirty bench. This bench would 
contain possible biological debris and microbial contamination on the surface due to contact 
with the used mattress and scale. The dirty bench could be cleaned and then disinfected prior 
to the start of the cleaning procedure of the incubator and used items could be stacked on only 
half of the bench. Thus enabling the turning of the disinfected half of the mattress and  laying it 
on the still clean half of the bench. This would minimise the risk of recontamination of the 
cleaned areas of the item while finishing with the other areas.  

The stacking of cleaned items against the wall behind the Clean bench could be contributing to 
the higher amount of measured total ATP of manually cleaned detachable parts. This is due to 
no implemented routines concerning regular cleaning of the tiles on the wall between the Clean 
bench and the ceiling. Due to cleaned and not yet disinfected parts resting against these tiles, it 
is possible for bacteria to be transferred from the item to the tiles or from the tiles to the 
incubator parts after the part has been disinfected in waiting for reassembly. 

The steam vapour cleaner, (see page 77), could be beneficial to clean the walls and perhaps 
even the floor. Hence minimizing the risk of recontamination of the cleaned and disinfected 
parts, which are stacked against the wall. The wards are mopped with single-use mops while the 
sluice is cleaned with multi-use mops. The steam cleaner could be a good complement to the 
daily cleaning (see page 73). 
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The planning regarding the changing of incubators could be improved. This could make it 
easier for those who work in the sluice room and would limit the amount of not yet cleaned 
incubators standing in the corridor. Interviews with staff in patient care rooms showed that 
they knew when the incubator was scheduled to be changed but there seems to be a lack of 
communication between the rooms. This leads to a very irregular work load for the staff 
cleaning the incubators and often used incubators occupy space in the corridor in anticipation 
of cleaning. A suggestion is that there should be more communication between the rooms 
regarding when the incubators have to be changed.  This can also lower the stress level during 
cleaning, and with that possibly increase the quality of cleaning. There could be a magnetic 
white board showing when the incubators are planned to be changed with patient bed areas, 
such as 15:1 in room 15, represented with a magnet and the days of the week written on the 
board (see Figure 5-2a). This plan can be updated and changed when the need arises. 

a) 

 

 

Mon Tue Wed Thu Fry Sat Sun

9:1 10:1 9:2 10:2 9:3 10:3 12:1

14:2 15:1 11:1 12:2 11:2 14:1 15:2
 

b)
Mon Tue Wed Thu Fri Sat Sun

9:1       
9:2       
9:3               
10:1       
10:2       
10:3               
11:1               
11:2       
12:1       
12:2               
14:1               
14:2       
15:1       
15:2               

Figure 5-2:  Magnetic board concepts that display when the incubators in use are intended to 
be changed. The first number in X:XX corresponds to the patient room number and the 
second to the care station within the room a) Concept one:  magnetic markers with an X are 
placed on the scheduled day of change. A whiteboard pencil can also be used. b) Concept 
two: the incubators are illustrated with magnetic signs or written with a whiteboard pen.  



Simon Huisman & Stéphanie Wikström 

71 
 

The second concept (Figure 5-2b) has the patient bed area names on the left and week days at 
the top; markers with an X are placed on the days were the different incubators that are in use 
are going to be changed. Concept one (Figure 5-2a) has markers with the names of the different 
patient caring bed stations on it that are placed on the day that they are planned to be changed. 
This magnetic board would give a better overview of the intended workload for the cleaning 
staff and should further minimize the risk of no available clean incubators. Whiteboard pens 
can be used instead of magnetic markers. 

This board could be discussed at the start-up meetings for the morning and afternoon shifts 
creating the desired communication between the patient care rooms regarding the change of 
incubators. If for example four incubators are planned to be changed on Wednesday and three 
on Thursday you could change the cleaning day for one or two of the incubators to Tuesday in 
order to spread out the workload for the cleaning staff and result in a lesser number of 
incubators occupying room in the corridor. This would be less stressful and make the heavy 
lifting and hunched working positions more distributed over the week which is more 
ergonomic. Even unscheduled departures from the ward, which are discussed during the start-
up meeting, can be factored into the incubator changing schedule. 

The sluice with one door in and out and a limited space to perform the cleaning procedure 
does not provide the most optimal workflow. It would be beneficial to move the incubator, 
after cleaning and disinfecting of the chassis, to a ‘clean side’ of the sluice room; this is not 
possible in today’s sluice. This would decrease the risk of recontamination of the chassis via 
accidental contact such as clothes brushing against the surface due to the confined space. 

A slightly larger room that supports a more flow-like work method, with for instance a dirty 
door and a clean door, preferably leading directly to the incubator storage room, would be an 
advantage. The storage room should also have two doors, preferably at the opposite ends of 
the room, making it possible to get a rotation of use of incubators and minimising the risk that 
some incubators at the far back of the room stay unused for long periods of time. This rotation 
can be explained by a first cleaned first out routine illustrated in Figure 5-3. This could 
contribute to a longer machine lifetime, as long periods with the incubator not in use could 
cause for example rubber parts to dry out and it is beneficial to equalize the use between 
incubators. Thus resulting in a more even wear of the incubator parts.  
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Figure 5-3: The first cleaned first out concept. 

These implementations regarding a second door would require a large reconstruction of the 
ward at KS, but could be considered when building a new hospital or storage room. 

A less demanding change in the storage room would be to install a dehumidifier. Since the 
temperature is high in this room, a dehumidifier could contribute to an environment that is less 
beneficial for bacterial growth in the incubator storage. Humidity is a factor that has great 
benefits for bacteria and how they thrive.  
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Wall mounted and foldable Dirty bench 

The Dirty bench in the sluice room (see Figure 5-4) has been observed to be used during a 
limited amount of time during the whole cleaning cycle. It is used in the beginning to place the 
scale, the mattress and the baskets that later go into the disinfector. During the rest of the 
cleaning, the bench is generally not used. It could therefore also be beneficial to construct this 
bench wall mounted and foldable. This would create a more generous working area when the 
bench is not in use (see Figure 5-4). The storage that is now placed on the bottom shelf of this 
bench could be moved into the space below the large sink. Lifting the bench of the floor will 
also make the cleaning of the floor easier; this should result in greater comfort while 
maintaining a cleaner floor. 

 

Figure 5-4: Dirty bench and sink. 

Anti-slip solutions for the Clean bench 

The distance between the bench and lower shelf is too small for stacking of the larger 
detachable parts edgeways. This often results in some of the stacked parts sticking out over the 
edge of the bench (see Appendix VI). If the lower shelf would be moved upwards or removed, 
it would cause room for stacking of the parts edgeways thus minimizing the chance of them 
sticking out beyond the bench surface area. This would probably result in less unwanted 
contamination via contact with the clothes while cleaning the incubator. 
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The towels on the bench, that have the function of collecting water and keeping parts from 
slipping of the bench, are not designed for the latter purpose. An anti-slip cover is suggested 
instead of the towels. This cover should be chosen so that this can be cleaned in either the 
disinfector or the laundry machine in order to kill and remove bacteria and biological debris in 
between use. This should prevent parts from slipping when placing them on the bench, 
minimizing staff injuries and breaking of incubator detachable parts. 

To increase the possibility of all the parts drying effectively at the same time, we also suggest a 
racking mounted to or just below the shelf above the Clean bench. This solution could consist 
out of pins, similar to those found in a dishwasher (see Figure 5-5), and should be used to place 
parts against. For easy entry and exiting of the parts these should be made so they can be 
moved between horizontal and vertical positioning compared to the shelf (see Figure 5-6 and 
Figure 5-7). The pins could either be positioned on a line parallel to the wall or parallel to the 
drying cabinet depending on the most used stacking technique. This construction, especially 
together with the previously discussed anti slip cover on the bench, should prevent parts from 
either gliding of falling from the bench, as this has been observed several times. 

 

Figure 5-5: Dishwasher tray 'foldable row of pins 
design' that could be used as inspiration for the 
hinged pins rack mounted on the bottom of the 
shelf above the Clean bench. 
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Figure 5-6: Pins on the bottom of the shelf (located above the Clean bench), design of the pins 
is similar to a dishwasher tray pins but up-side down. The figure is shown from the front, with 
all pins in vertical position to keep stacked items from tipping over. 

 

Figure 5-7: Hinged pins on the bottom of the shelf,  shown 
from the side. An arrow to illustrates the direction of 
movement. The pins keep parts from tipping over. 
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Lift 

When cleaning the bottom of the incubator everything below the chassis requires a position 
with a bending of the back, or hunching down and balancing on the balls of the feet. This is 
not the most ergonomic working position. To improve this, a seat, such as the foot stool, 
should be used to decrease the amount of time with a bent back. To fully solve this issue, a lift 
could be installed in the floor (see Figure 5-8). The lift is a rather expensive solution but could 
come in good use in a bigger sluice room where multiple bigger heavy items are cleaned. With 
the lift it would be possible to lift up and achieve a more neutral and ergonomic posture. There 
should be a small paling around the edges as a precaution to eliminate the risk of objects sliding 
of the platform. This solution would also require a higher ceiling; this is the main reason why 
this is not economically beneficial to implement a lift in the existing sluice at the NICU at KS. 

 

Figure 5-8: Illustration of a scissor lift. 
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Additional cleaning tools 

The manual cleaning might be the most demanding labour to perform. Mainly the scrubbing of 
the parts that are not possible to clean in the sink, are found to be the hardest. For these parts a 
dry steam cleaner could be used as an aid. Steam technology uses high pressurised dry steam 
(~97%) under high temperatures such as 140 °C which results in the loosening of dirt enabling 
the microfiber cloth to remove the residing microorganisms from surfaces such as steel, vinyl 
and laminate [88]. A study by Gillespie et al. [88], tested the effectiveness of ultra-microfiber 
cloths and stem technology in two separate clinical settings. Evaluation both before and after 
cleaning (50 readings each), with the use of bioluminescence, resulted in a median value of 175 
RLU before cleaning and 28 RLU after, therefore indicating that the combination of the ultra-
microfiber cloths and steam technology is effective [88]. Sexton et al. [89] concluded that the 
steam vapour system reduced the amount of bacteria by more than 90% with only using water 
and no chemicals. It was also strongly suggested that the device does not increase the risk of 
cross-contamination, as it may arise with the use of depleted chemical disinfectants [89]. In a 
study by Song et al. [90] a steam disinfection system (MondoVap 2400 commercial model) was 
used together with a thermal-accelerated nanocrystal sanitation component SV-C/T. This 
technology does not use any chemicals; regular tap water is filled into the unit [90]. The 
efficiency was tested on four bacterial strains: E coli, Achinetobacter baumannii, Pseudomonas 
aeruginosa and Staphylococcus aureus on identical polycarbonate surfaces [90]. Further 
effectiveness of removal of biofilms created by E coli on rubber, stainless steel, ceramics and 
polycarbonate was investigated [90]. The results showed that steam treatment, with a duration 
of three seconds, removed the biofilms to a minimum extent of 95.95% [90]. When the steam 
treatment was applied for a duration of 5 seconds, 99.99% of the biofilm was killed [90]. 

The use of disinfectant usually requires pre-cleaning of the surface in order to remove organic 
matter which may hamper the effectiveness of the disinfectant [89]. The steam vapour device 
relies on heat for efficiency, thus the amount of organic debris should not hinder the 
effectiveness of the device [89]. The use of a steam vapour system instead could therefore 
diminish or substitute the surface disinfectant when cleaning and thereby decrease the amount 
of alcohol vapour, resulting in improved health of staff members. Even parts that do not 
handle the heat in the disinfector could be cleaned this way, as the heat is applied for a short 
period of time [90]. This should be tested in order to evaluate that the plastics used on the 
OmniBed also can endure the higher temperature without affecting material properties. 

The steam vapour cleaning system could also be used on the tiles over the Clean bench in order 
to minimize the risk of recontamination as discussed on page 69. A VX 500010 could be used 
which is a commercial product used in other hospitals and nursing homes [91]. It reaches a 
                                              
10  See http://www.steam-cleaners-direct.com/ 
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temperature of 147 °C and sucks the residue back into the container, leaving no water or soap 
behind [91]. It comes with a whole set of nozzles to be able to reach into small areas [91].  

Even without this machine, some small tools could make it easier to clean. A bottle-cleaner (see 
Figure 5-9) could be used to help clean identified areas that are hard to clean such as on and 
around the bed heating element (flange), cavities in the translation deck and bottom end 
incubator wall (see Figure 5-10). 

 

Figure 5-9: Bottle-cleaner that could be used to help reach into cavities and around the bed 
heating element. 

Together with the solution of a vapour steam cleaner there are some other precautions that 
could be performed to minimise the use of surface disinfectant. The use of this has been 
mentioned to irritate eyes and lungs. There are many other non-chemical based cleaning 
detergents that also disinfect. A study could be performed in order to determine the 
effectiveness of a product like Meliseptol11. This is also alcoholic based, but should not irritate 
eyes and lungs as much and should not dry out the plastics of the incubator as fast [92]. This 
can also be beneficial from an economic perspective, since incubator parts do not need to be 
changed as often due to less crackling of the materials. 

Total ATP measurements showed that the disinfector (see Figure 4-3a) was, compared to 
manual cleaning, more effective in removing biological matter and less time consuming. The 
staff also found this the easiest way of cleaning; more parts should be cleaned by machine. The 
disinfector, as it is in use now, cleans at high temperatures (90 °C) that not all plastics can 
endure without deforming. A solution would be to find out whether the technology used by the 
Olympus low temperature endoscope cleaner12 could in any way be used to clean incubator 
parts. This solution would also require a larger disinfector so all detachable parts will fit inside. 
The drying cabinet would no longer be needed because the endoscope cleaner provides drying. 

                                              
11 http://www.bbraun.com/cps/rde/xchg/bbraun-com/hs.xsl/products.html?acs=1&prid=PRID00004695&id= 
00020742770000000128, Braun Melsungen AG, accessed 2014-04-23 
12  See https://medical.olympusamerica.com/customer-resources/cleaning-disinfection-sterilization/reprocessing-
products/oer-pro, Olympus America, Inc., accessed 2014-05-13 
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In order to allow the fan wheel to be cleaned in the disinfector, it is recommended to purchase 
an extra wheel which then can be used during cleaning. With the extra fan wheel it will be 
possible to continue the cleaning process and change the height of the canopy when needed 
without any delay in the cleaning process. This would also make it possible to clean one 
detachable part at a time without losing time hence making it possible to have more space in 
the sink while cleaning and rinsing each item. 

In the Giraffe OmniBed incubator, the chassis and the walls on the short ends of the incubator 
cannot be taken out or loosed without tools. This also means that these parts are harder to 
clean; hence it is not possible to use flowing warm water to flush the surface (due to the 
electronics nearby not tolerating water). This kind of cleaning requires more manual labour, and 
could increase the risk of swabbing debris and bacteria from one site to the next, instead of 
cleaning and flushing the debris away. Designing the main compartment to be flushable on the 
surface would decrease the risk of higher amount of ATP and AMP residing on the surface 
after cleaning. 

Hard to clean areas can be a potential hazard. The current incubator has a few of these spots, 
and although few measurements have been done, some areas are always exceeding the set 
threshold of 200 RLU. 

5.3 Incubator improvements 

The basin part of the chassis, displayed in Figure 2-4, is not easy to rinse, resulting in water and 
soap lingering on the surface of the basin. The soap residue is the main reason for the exclusion 
of measurement results in this study, as discussed in Section 5.4.1. It would therefore be 
beneficial to introduce a drain in the design of the basin. This would enable more extensive 
rinsing of the surfaces followed by possible drainage of the fluid. Another solution is to make 
this part of the chassis detachable. For the Giraffe OmniBed this is not possible in the current 
design due to the bed heating element and fan wheel rotational axis being wired to the electrical 
compartment in the pillar which should not come in contact with water. 

The cleaning of measurement area 28 (around the flange, see Figure II-12 in Appendix II) is 
problematic due to a very tight space between the black heating element and the basin part of 
the chassis. A toothbrush or a bottle cleaner (see Figure 5-9) could be used to get better access 
while cleaning in between these parts. The bristles should not be too rigid in order to avoid 
micro-scratches to appear on the surface of the plastic. These cracks would be a perfect 
sheltered area for bacteria to grow. 
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To further help cleaning the main body of the incubator, such as the chassis identified problem 
areas 24 and 29 (see Figure II-8 and Figure II-13 in Appendix II), a dry vapour cleaner such as 
described on page 73 could be used. 

The fixed walls of the incubator have the same issue as does the chassis. It could be of a great 
hygienic advantage if it would be possible to clean them in the sink, or even better, in the 
disinfector. The wall on the bottom end (see Figure 5-10) and the translation deck (see Figure 
4-7b) also have cavities that are hard to clean. From an environmental friendly aspect it is good 
to create cavities, if this material is an oil based plastic. Less oil used in the production results in 
less usage of fossil fuel and less energy used in the material creation process. The cavities also 
contribute to a lighter weight, which is preferable. From a hygienic point of view and when the 
main goal is to create an environment where heat loss and risk of infection is minimized the 
cavities are not preferable. It would be much more hygienic to make the cavities non-existent. 
The extra weight and material costs is dismissible in comparison to the total weight, of 137 kg, 
and price of the incubator. A one piece, double walled, canopy could eliminate the use of the 
guiding rails on the canopy, thus eliminating a hard cleaned area. The implementation of a 
double wall canopy should reduce the amount of radiation heat loss according to Wallin [21] 
and Altimier [25].  

 

Figure 5-10: Cavities in the bottom end incubator wall. 

5.4 ATP luminescence 

The ATP luminescence method has a disadvantage similar to the ACC method. When testing, 
one actively removes biological material from that spot. A problem arises when measurements 
are performed both before and after cleaning. The area measured before cleaning is therefore 
partly cleaned by the measurement procedure and could result in a lower RLU-value, in the 
after cleaning measurement. Therefore measurements should preferably either be performed 
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before cleaning, to evaluate how much biological debris is there due to handling of the 
incubator during use, or performed after cleaning to evaluate if the cleaning was sufficient. 

Even when only one of the two is measured, the method provided by Kikkoman, the PD-20 
together with the LuciPac Pen, requires an exact and concentrated way of working. It is difficult 
to swab exactly the same surface area each time and a small difference may affect the results. 
The swabbing is performed by a human; it is hard to execute any movement exactly the same 
way and applying the same amount of pressure on the swab stick and the human error could be 
a reason for anomalies. There is also a small possibility that contamination sometimes 
happened without the testers or note takers knowledge. If measurements are executed with 
total focus, unrealistic low values might appear and this could falsely make you believe it is 
clean. The manual states that measurements should be done at room temperature [62]. It is 
therefore practical to have a thermometer to measure not only the room, but also if the tests 
have warmed up sufficiently after storage. 

To be able to compare the values with each other, a measurement area of 100 cm2 was used. 
An area that needs to be tested might be exactly 100 cm2, but since the swab is round in its 
shape in all directions, it is not easy to detect if the whole area of 100 cm2 has been measured. 
With the correct lighting it is possible to see, due to reflections in the moistened area. A specific 
movable light source has not been used to enable this type of visual confirmation and this has 
enabled the possibility that not all of the intended area has been measured. If half the area is 
skipped in both directions, only an area of about 75 cm2 is measured (see Figure 5-11). This 
could give a lower value of RLU, and with that could give a false perception of the area being 
less contaminated.  

The method should therefore be developed to make sure it is possible to identify the quality of 
the measurement. For example, a colour could be added to the surface, to clearly mark if the 
whole area is measured. Another possibility would be to, instead of tap water, have a solution 
to measure with, that has a colour visible in for example UV light. 

Further, in the brochure for the Lumitester PD-20 it is stated that tests performed on areas that 
have been disinfected are not recommended [61]; if this cannot be avoided, the area should be 
rinsed with water and wiped with a paper towel [61]. The task at hand was to evaluate the 
whole cleaning process so therefore the disinfectant was not rinsed off. But the parts were left 
alone for a minimum of 60 min to enable the surface disinfectant to vaporize. No interference 
between eventual remaining surface disinfectant and ATP+AMP luminescence reaction was 
found, but could have been affecting the results without the authors' knowledge.  
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Figure 5-11: The area measured when half the measurement is 
skipped in both directions. 

During testing, no distinction was made between the inside and the outside of the tubing access 
cover. This implies that the measurements taken could be taken on the other side of the tubing 
access covers. Taking into account that ATP and AMP is removed during measurements, this 
could lead to measurement results that are of different value than if measured on the same side. 
Dirt and ATP are not spread evenly, so it cannot be said if values would be higher or lower.  It 
is therefore advisable to reconsider the hypothesis that the disinfector cleans both sides to the 
same degree and use cable ties or another method to mark the side that has been measured. 

It has also been observed that parts that have not been placed correctly in the disinfector were 
not cleaned sufficiently. In future studies, the items cleaned in the disinfector could be placed in 
the same pattern to eliminate this factor.  
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The identified cold spots of the Caleo, where a greater amount of microbial contamination [49] 
was found, correlate to some extent with the identified problem areas (before cleaning) in this 
study. Inside of the porthole doors and seals and lilac tubing access cover were identified 
problem areas, in this study, and are positioned near the equivalent areas of the identified cold 
spots of the Caleo. The other identified problem areas in this study are areas that were not 
tested in the study by de Goffau [49]. This indicates that there is a possible correlation of cold 
spots in the same areas of the Giraffe OmniBed and the Caleo. The inside of the OmniBed 
porthole door is most likely a cold spot due to the opening and closing during care of the 
premature infant and the design being single walled. More tests and a mapping of local 
temperature differences in the Giraffe OmniBed would be needed to determine further 
conclusions. 

5.4.1 Inhibition of total ATP luminescence  reaction 
Not all of the results were included in the calculations. This is due to the observations that 
emerged from this study. Soap residue was confirmed, on primarily the main compartment, not 
with visual confirmation prior to testing but by foam in the LuciPac Pen after shaking the pen 
back and forth. It is possible that inhibition of the ATP luminescence reaction took place 
unnoticed due to not enough production of foam enabling visible confirmation that the test 
should be excluded.  The results that were below threshold and had foam in them were not 
used; the ones that returned above threshold were kept due to the soap creating a lower value 
than the true value. So conclusions that the sample was still over the threshold is still valid. This 
could lead to calculations that provide a cleaner result than reality and a greater sample standard 
deviation in the calculations. On the other hand, it could be considered as a worst case scenario 
when calculating the statistical significance due to a larger sample standard deviation. 

Soap seems to be a factor that is affecting the values negatively. Not only soap but also many 
chemicals have the same effect on the luminescence reaction. This is the reason why it was 
necessary to discard so many of the measurements performed in this study.  

5.4.2 Bacterial ATP 
The total ATP technology from Kikkoman measures all ATP present on the surface such as 
from microorganisms and food residue [93]. It could be more interesting; to measure only ATP 
from living bacteria in order to see the immediate level of risk concerning HCAI that the area 
possesses. This would require further development of the bacterial ATP method created by 
BioThema, since it only works on horizontal surfaces at present [58]. Thus the technology 
cannot be implemented on areas such as the inside of the canopy, tubing access covers and 
porthole doors. 
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There are advantages of measuring total ATP; it also includes biological debris that could work 
as a foundation of growth for possible residing microorganisms. The whole ATP measurement 
although often resulting in higher values (since it measures bacteria and debris) compared to 
ACC, would give a higher certainty that the area is cleaner when measuring a low value. 

5.4.3 Level of clean 
ATP luminescence is not a tool that can be used to measure either one of the three levels of 
cleaning used in Swedish healthcare presented in Section 2.6.3. Using it for the cleanest level 
(sterilization) would work, but as soon as the packaging is opened to do the test, the instrument 
is not sterile anymore. For the other two levels, clean and disinfected, ATP luminescence is not 
applicable. The reason for this is that you measure the amount of biological material and 
microorganisms, both active and dead. Hence there would be no difference in measured ATP 
due to the alcoholic disinfection not necessarily taking away the dead bacteria that are left. 

A fourth kind of clean has to be introduced to be able to validly use the total ATP 
luminescence method for the evaluation of cleaning. A level ‘Microbial clean’ would be a 
suggestion. This will work just like the disinfection, but the residual organic debris and 
microbial contamination should be removed. A disinfector, without the full process of 
sterilisation, would also be in the same category. ATP luminescence could be an ideal method 
to evaluate the quality of this level of clean.  

In this thesis an area needed to exceed 1 000 RLU in order to qualify as a problem area before 
cleaning. After the cleaning procedure the threshold was set at 200 RLU. This level is the 
lowest threshold recommended by Kikkoman and is advised to be used for smooth surfaces 
such as metal and glass [61]. For plastic a threshold of 500 RLU is advised [61]. The lower value 
chosen is due to the fragile infant in the incubator. If a higher limit, for example one of 500 
RLU is used (as advised for plastics by Kikkoman), 149 out of 257 measurements  would be 
classified as clean; Comparing to 84 of 257 with a 200 RLU limit. On the other hand, values 
from for example the cleaning in the disinfector show it is possible to clean in a way that 
provides low values. Therefore it should be considered in future studies to possibly lower the 
benchmark value to 100 RLU which was used in two ATP studies in hospital environment [5]. 
Important to note is that the different tools (luminometers) of different brands, used to 
measure the emitted light during the luminescence reaction, have differences in sensitivity 
meaning that a benchmark of 250 RLU with the Lumitester PD-20 may differ from other 
measuring tools. 
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5.5 Purchase requirement suggestions 

For the next incubator purchase at KS the discussed features below could be taken into 
consideration. As a base, the purchase requirements (see Appendix IX) used for the last 
purchase were used. This is far from a complete list and only the observed points are presented. 

In the previous purchase of incubators, there is a requirement that states that one should be 
able to work with the incubator in both sitting and standing position (line 3.1 in Appendix IX). 
This is not enough; observations and interviews have shown that for the taller staff, those 
above approximately 1.80 m (which is about the average height of a male) have to work with a 
bent back. We suggest this should be changed to follow the ISO standard for working heights. 
This should make it possible for even those who are taller to work with a straight back. 

Not only posture, but also noise is mentioned in the interviews performed, the sound level 
emitted from for example the drawer, was too loud. The requirements made in the last 
purchase, did not contain any requirement about the sound emitted into the room. It has a 
requirement sound level inside the incubator (towards the patient) but the sound level emitted 
out from the incubator is recommended to be accounted for. As a guideline, the Swedish law 
AFS 2005:16 could be used. All accessories added to the incubator, like the drawer or a lamp, 
add to the production of sound. It is recommended to use the same regulations, used for the 
whole machine, for the sound production of all accessories as well. Please keep in mind that all 
sounds add up to the total sound emitted. 

In the existing requirements, an X-ray plate is required (see line 3.10 in Appendix IX), but the 
image quality is not found sufficient to actually use it [6]. An image quality test is therefore 
recommended to be performed as part of the evaluation criteria. 

Transportation of the incubator is performed regularly, for example from the delivery 
department or to radiology. It is therefore convenient to have a transport solution that secures 
the functions of the incubator even without the power connected. A transport solution should 
be dimensioned after the need. If full heat and humidity functionality for the whole 
transportation time would be an advantage, this should be a requirement. This solution should 
fit with the incubator that is purchased and be easy to move. It is for example worth thinking 
about whether you want to push the incubator manually, or if you want help with this by a 
transport solution. The dimensions of the total equipment, including all accessories and staff, 
should fit in an elevator and the total weight should be considered as well. 

Many requirements can be added to make the cleaning of the incubator easier. In line 4.3 in 
Appendix IX, you will find that there is a limitation to five kilogram for all parts that need to be 
taken apart before cleaning. This is a good start, but should be expanded. The cleaning of the 
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incubator is a process that is performed many times. An incubator cleaned at least once a week 
will, after ten years, have been cleaned at least 520 times. 

There should be a requirement that the detachable parts should be able to endure temperatures 
created in a disinfector due to its higher effectiveness than manual cleaning.  A requirement 
could be to state the number of parts, and their weight, that are in the patient area and are most 
exposed to bacteria or biological debris. This should give an indication on how easy it will be to 
clean; many heavy parts are of course worse than a few small parts. This should be evaluated 
together with the amount of parts that fit into a disinfector. 
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6 Conclusions 

The Giraffe OmniBed incubator and radiant warmer does not seem to lack in functionality but 
was observably hard to clean in multiple areas. The problem areas, identified with ATP 
luminescence, before cleaning (p<0.05) were areas 1-12, 14-15, 19 and 26 (see Table 3-2 and 
Figure 3-2 together with Appendix II for the location). Area 26, the seam of the mattress, is 
close to the preterm infant and should be kept free of debris and microbial contamination in 
order to decrease the risk of HCAI. An implementation of a mattress cover that can be 
disinfected and is washable, would reduce the amount of debris on the mattress. 

The hypothesis regarding the upper half of the incubator box always being a clean zone and 
bottom half the dirty zone was not confirmed. The results show that the sum amount of total 
ATP (ATP+AMP) measured in the clean zone was less than the sum amount of total ATP in 
the dirty zone in 7 out of 12 incubators (58%). The disinfector was more efficient in removing 
ATP and AMP than the manual cleaning. After cleaning, the areas identified as problem areas 
were 1-5, 11-14, 24 and 29 (p<0.05) (see Table 3-2 and Figure 3-2 together with Appendix II 
for the location). These were all cleaned manually and indicate that the cleaning routine and 
design of the incubator is insufficient to enable values under 200 RLU. The average amount of 
total ATP increased after cleaning for areas 21-23 and 29 which are all part of the main module. 
This further emphasises that the design of the chassis, due to its incapability of being rinsed, 
makes it hard to clean and also leaves soap residue on the surface. Results revealed that the 
soap works as an inhibitor of the ATP luminescence reaction, therefore resulting in fake values 
that are much lower than the actual RLU value. It is therefore advised to be very observant of 
foaming on the surface while swabbing with the LuciPac Pen or inside the main body after 
shaking it prior to analysis. 

A bottle cleaner brush could be implemented to better reach areas of the chassis that were 
identified as hard to clean and a steam vapour cleaner should be investigated as a cleaning tool 
of the surfaces of the incubator. This tool could decrease the amount of applied surface 
disinfectant resulting in less alcohol vapour that cause red stingy eyes and dizziness and 
consequently is better for the health of the cleaning staff. 

During clinical use, observations have showed that single use paper towels were used to soak 
up the condensation on the inside of the walls and canopy. It could be beneficial to use micro 
fibre cloths instead to minimize the amount of total ATP added to the incubator and this 
should further be investigated. This combined with a double walled canopy could minimize the 
amount of condensation and further minimize the amount of radiating heat loss of the preterm 
infant. 
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7 Future work 

This study is the first of its kind and should be seen as a pilot study to any future studies that 
include ATP luminescence measurements on incubators. An aspect that was not considered in 
this study was how many hours the incubators were in clinical use before the cleaning started. 
This could be an interesting variable to analyse together with the ATP-measurements. The 
humidity setting during use could also be taken into consideration. 

This study has focused on 29 points of interest in the incubator, which is later minimized to 20. 
It would be interesting to find a way to be able to measure all 29 places without soap inhibiting 
the ATP luminescence reaction and even find more places that might be exposed to bacteria. 
The study performed by Lynam & Biagotti [50] used different points to measure the 
contribution of the humidifier to the bacteria content in the incubator. In this case no bacteria 
were introduced in the incubator [50]. It would be interesting to see if the humidification of the 
incubator adds to the bacteria content (growth), and even more important, if there are places 
that have an increased risk of collecting bacteria.  

The cleaned incubator is placed in the incubator storage room after cleaning. The temperature 
in the incubators in the storage room is ideal, and is often used [55], to grow bacteria. The 
incubators do not add humidity to the room, but no dehumidifier or similar equipment was 
observed in the storage room. This means that there could be a relatively high humidity in the 
room and also in the incubators. This could mean that the amount of bacteria (or ATP) found 
in the incubator when taken into clinical use is different from the content found directly after 
cleaning. The amount of ATP directly before taking the incubator into clinical use might be 
more interesting than the amount directly after cleaning. A review article by Kramer et al. [94] 
in 2006 concluded that the most common nosocomial pathogens such as MRSA can survive on 
a dry surface for months. This further emphasises the importance of investigating the level of 
cleanliness and microbial contamination after the incubator has been stored and is taken out of 
the room for clinical use. 

During this project only a limited amount of observations were performed, and only during 
daytime. It should give a more complete picture if observations were executed during the whole 
use of the incubator. Keep in mind that individuals who know that they are observed will act 
differently than when they are not observed (known as the Hawthorne effect). 
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Evaluation of improvements 

All of the mentioned improvements and changes should be evaluated and tested thoroughly 
before implementing them. Not all of the improvements might be economical to implement in 
the existing sluice or other rooms in the department. Improvements, that are a change in 
hygiene routines, should be discussed with the hygiene department and patient quality 
department. The improvements are based on the observations and tests performed within this 
project, with all the limitations that the project has. When major reconstruction is executed to 
implement some of the improvements, a new study about the total impact of all changes should 
be performed thoroughly. 
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Appendix I Interview guide 

The interview guide presented below is stated in general terms. The interviewees were asked 
to describe the problems with their own words. They had the possibility to talk more about 
those parts that they found most interesting to discuss. 

Incubator cleaning staff 
• Steps in the cleaning process of the Giraffe OmniBed 
• Equipment used during cleaning 
• Experience with incubator cleaning 

• Normal and maximum daily workload 
• Parts, of the Giraffe OmniBed, that are easy to clean 
• Problem areas 

• Problematic moments 

Other staff 
• Experience with incubators 
• Work experience 
• Experience with incubator cleaning 

• Possible areas of improvement regarding the incubator 
• Functions (lack of- or not used) 
• Routines concerning the changing of textiles in the incubator 

• Usage of surface disinfectant on the Giraffe OmniBed while in use 
• Usage, purpose and risk of HCAI gained by baby blankets 
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Appendix II Illustrations of chosen 

measurement areas 

The measurement areas are illustrated in Figure II-1 to Figure II-13. 

Figure II-1: Porthole door with release button, measurement areas 1 to 5. 
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Figure II-2: Porthole seal, measurement 
areas 6 to 10. 

 

 

Figure II-3: Inside of the porthole door, measuring areas 11 to 15. 
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Figure II-4: Tubing access cover, measuring areas 16 to 19 
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Figure II-5: Top middle tubing access cover, measuring area 20. 

Figure II-6: Behind the draught excluder, measuring area 21 (outside) and 22 (inside). 
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Figure II-7: Top inside of the canopy, measurement area 23. 

 

a) 

 

b)

Figure II-8: a) Bottom edge of the canopy and b) top of the draught excluder. Together 
measurement area 24. 
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Figure II-9: The middle of the mattress, measuring area 25. 
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Figure II-10: Seam of the mattress, measurement 
area 26. 

 

Figure II-11: The bottom of the incubator by the vapour inlet (left), 
measurement area 27. 
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Figure II-12: The bottom of the incubator around the heating flange, 
measurement area 28. 

 

Figure II-13: The bottom of the incubator, the tilt screw ball, 
measurement area 29. 

VI 
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Appendix III Test templates 

Cut around the grey area. This is a Type II template 
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Cut around the grey area. This is a Type II template 
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Tubing access cover: Cut out 
the grey part on the outside 
of the black line. Type I 
template. 
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Type I template 

  

Tubing access cover  
TOP MIDDLE 
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Type I template 

           Inside of canopy 
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Type II template. Cut off the thick black line. 

       

 

 

  

Bottom edge of canopy
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Type I template 
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Type II template 
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Appendix IV Protocol template 

Date: LuciPac Pen:   

Incubator nr: Exp. date:   

Used (Nr of days): Mask on:   

Test Start:                  Finished: Temp. Before:        After: 

  Nr. Test area Before (RLU) After (RLU)
  1 Door + Release button [Top, Left] Yellow     

Porthole 2 Door + Release button [Bottom, Left] Blue     
Door + Release 3 Door + Release button [Bottom, End] Red     

Button 4 Door + Release button [Bottom, Right] Grey     
  5 Door + Release button [Top, Right] Lilac     

  6 Seal [Top, Left] Yellow     
Porthole 7 Seal [Bottom, Left] Blue     

Seal 8 Seal [Bottom, End] Red   
  9 Seal [Bottom, Right] Grey     
  10 Seal [Top, Right] Lilac     

  11 Inside of Door [Top, Left] Yellow     
Porthole 12 Inside of Door [Bottom, Left] Blue     

Door 13 Inside of Door [Bottom, End] Red     
  14 Inside of Door [Bottom, Right] Grey     
  15 Inside of Door [Top, Right] Lilac     
  16 [Top, Left] Yellow     
  17 [Bottom, Left] Blue     

Tubing access 18 [Bottom, End] Grey     
cover 19 [Bottom, Right] Lilac     

  20 [Top Middle]      
Behind draught 21 Outside     

excluder 22 Inside     

Canopy 
23 Top, Inside     
24 Bottom edge of canopy +  draught excluder [Top]     

Mattress 
25 Middle of Mattress (both sides)     
26 Seam of the Mattress     

Bottom of 27 By the vapour inlet [Left bottom corner)   
Incubator  28 Around the flange     

  29 Tilt screw ball     
Tap 30 Tap water     
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Appendix V Raw measurement data 
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Appendix VI Pictures of the sluice 

room and storage room 

Sluice room 

The sluice room can be seen in Figure VI-1 to Figure VI-3. The storage room where the 
incubators are stored in between use is seen in Figure VI-4 and Figure VI-5a-b 

a) b)

 
Figure VI-1: a) View of 'clean' bench, sink, disinfector and b) View of 'clean' 
bench, sink, disinfector 'dirty' bench. 
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Figure VI-2: Sink and shower head. 

 

a) b)

Figure VI-3: a) Clean bench and the drying cabinet. b) Laundry wagons and supplies such 
as gloves and apron. Patient bed is waiting for cleaning. 
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Incubator storage room 

 

Figure VI-4: Left and back wall of the incubator storage 
room. 

 

a) b)

Figure VI-5: a) Incubator storage room when all Giraffe OmniBed incubators are in use seen 
from the door. b)  Incubator storage room when all Giraffe OmniBed incubators are in use 
seen from in the room. 

 

VII  
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Appendix VII Stacking techniques 

Observed placement techniques of cleaned detachable parts of the incubator are illustrated in 

Figure VII-1 to FigureVII-3. The risk of parts falling down from the bench is evident. 

a) b)

 
 

Figure VII-1: a) Stacking technique II, shown from the disinfector with only a few parts 
cleaned and b) Stacking technique II, shown from the front of the Clean bench. 

a) b)

 

 
Figure VII-2: a) Stacking technique III, shown from the front of the Clean bench. b) 
Stacking technique IV, shown from the front of the Clean bench. 
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Figure VII-3: Stacking technique V, shown from the front of the Clean 
bench. 
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Appendix VIII Measurement data 
    



The infant incubator from a hygienic and HTO perspective 

XXX 
 

 

 

 

 

  



Simon Huisman & Stéphanie Wikström 

XXXI 
 

Appendix IX Purchase requirements 

 
 
 

 
 
 
 
Upphandlingssektionen 

 
KRAVSPECIFIKATION - BILAGA 3 

INTENSIVVÅRDSKUVÖSER 
ÄRENDE NR. 2011-033 
DIARIE NR K0607-2011 

1. Avsedd användning, ifylls av användaren.     
1.1 Kuvöserna ska kunna användas för all typ av neonatal intensivvård. Handhavande ska kunna skötas av 

vårdpersonal inom neonatal intensivvård. Kuvöserna ska kunna förflyttas på avdelningen och tillsammans 
med s.k dockningsmodul fungera som transportkuvös inom sjukhuset. Kuvöserna beräknas att användas 24 
timmar/dygn i kontinuerlig drift under årets alla dagar. 

    Poäng Anbudssvar, Kommentar: 
2. Avsedd installationsplats.     
2.1 Offererad utrustning skall fungera för sitt avsedda ändamål i 

för svenska sjukhus normal driftmiljö.     
2.2 Om särskilda krav som exempel beträffande damm, 

temperatur, luftfuktighet, vibrationer, elektromagnetisk 
strålning m m ställs på utrustningen, skall detta anges i 
anbudet. 

  
2.3 Eventuella krav angående placering, strömförsörjning eller 

andra relevanta förhållanden skall anges i anbudet.     
3. Funktionskrav, kliniska skallkrav:     
3.1 Elektriskt höj- och sänkbart stativ, från sittande till stående 

arbetsställning     
3.2 Steglös tippfunktion av huvud- och fotända     
3.3 Ingång i kuvösen för t ex respiratorslangar     
3.4 Upphängningsanordning för slangar i kuvösen     
3.5 Rymma plats för patienter upp till 6kg och längd 60 cm     
3.6 Höj och sänkbar huv som medger full åtkommlighet till 

patient vid stående vårdarbete.     
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3.7 Utrustad med patientvåg inuti kuvösen.     
3.8 Utrustad med undersökningslampa.     
3.9 Som option skall Fototerapi kunna kopplas till kuvösen. 

Ange pris i prismall. 

    
3.10 Röntgenundersökning skall kunna utföras utan att flytta 

patient ur kuvösen.     
3.11 Kuvöstäcke / mörkläggningsskydd skall ingå.     
  Funktionskrav, kliniska börkrav:     
3.12 Kuvösen Bör kunna docka till befintlig mobil enhet (Giraffe 

shuttle)(200p) 
200   

3.13 Kuvösen bör vara öppningsbar för patientåtkomst från alla 
sidor.(100p) 100   

3.14 Utvridbar patientbädd bör ingå. (100p) 100   
3.15 Ljudnivå i kuvös bör ej överstiga 50 dB.(10p) 10   
3.16 Upphängningsanordning för slangar i kuvösen som kan 

flyttas böringå. (10p) 10   
3.17 Probe för hudtemperaturmätning bör ingå.(10p) 10   
4. Ergonomi och användarvänlighet     
  Offererad utrustning skall uppfylla följande krav     
4.1 Utrustningen skall uppfylla Standard för Användarvänlighet 

SS-EN-60601-1-6 inkl. tillägg.     
4.2 Utrustningen skall uppfylla tillämpliga delar i 

Arbetsmiljöverkets författningssamling.     
  Offererad utrustning bör uppfylla följande 

utvärderingskriterier     
4.3 Vid hantering, rengöring, löpande underhåll av kuvösen enl 

bruksanvisning, bör inga lösa delar väga över 5kg. (10p) 
10   

4.4 Rengöring och löpande underhåll av kuvösen enl. 
bruksanvisning, bör ej kräva användande av verktyg. (10p) 

10   
5. Förbrukningsmateriel samt tillbehör     
5.1 

Med anbudet skall följa prislista för tillbehör och 
förbrukningsmaterial för offererad utustning. Utvärderas ej.     

6. Medicintekniska krav     
6.1 Utrustningen skall vid uppstart genomföra självtest.     
6.2 I utrustningen skall finnas minne för tekniska felkoder. 
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6.3 I utrustningen skall finnas larm för avbrott i externa 
mediematningar.     

6.4 I anbudspriset skall ingå: 
1. Uppdateringar avseende patientsäkerhet under 
utrustningens tekniska livslängd inklusive erforderliga 
hårdvaruförändringar orsakade av programrevideringar. 
2. Uppdateringar av utrustningens funktioner, under 
avtalstiden, under förutsättning att erforderligt förebyggande 
underhåll enligt manualer har genomförts. 

    
6.5 I utrustningen bör finnas minne med händelselogg för 

användarlarm från störningar vid behandling. (10p) 10   
7. 

IT krav:     
7.1 Utrustningen skall med hårdvara och mjukvara vara klar att 

användas med PDMS, Clinisoft     
8. Försäkran om överensstämmelse/standard      
8.1 Offererad utrustning skall uppfylla följande krav     
8.2 Utrustningen skall uppfylla tillämpliga författningar som är 

utgivna av läkemedelsverket, socialstyrelsen och 
arbetsmiljöverket.     

8.3 

Utrustningen skall uppfylla de krav och villkor som gäller för 
att marknadsföra på svenska marknaden enligt Lagen om 
medicintekniska produkter SFS 1993:584.      

8.4 Anbudsgivaren skall ange ev. övriga för utrustningen 
tillämpliga standarder.     

9. Leverans/installation     
9.1 Leverantören skall ansvara för bortforsling av emballage och 

transportförpackningar.     
9.2 Leverantören skall ta det fulla ansvaret för installationen, 

intrimning, acceptanstest och igångkörning av offererad 
utrustning samt medverka vid utrustningens anpassning till 
klinisk drift i anvisade lokaler.  
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9.3 Leverans/ installation av utrustning skall avslutas med 
dokumenterad provning/kvalificering av utrustningen. 
Därefter underrättar leverantören MTA att  leveranskontroll 
kan genomföras. MTA upprättar leveransprotokoll och 
underrättar Leverantören om eventuella avvikelser. 

    
10 Dokumentation     
10.1 Med utrustningen skall följa:     
10.2 Dokumentation skall uppfylla kraven enl. stadandarserien 

IEC 601 och levereras i ett exemplar per utrustning. 
I anbud skall dokumentation levereras elektroniskt. 

    
10.3 Levererad dokumentation skall endast omfatta aktuell 

levererad utrustning och programversion, andra utföranden 
skall vara avlägsnade. Redovisa hur slutanvändare och 
medicinteknisk avd. blir uppdaterade vid revisioner. 

    
10.4 Den Tekniska dokumentationen skall omfatta: 

Förebyggande underhållsanvisningar 
Avhjälpande underhållsanvisningar 
Ritningar 
Kalibreringsanvisningar 
Provningsanvisningar 
Reservdelsförteckning. 

    
10.5 I leveransen skall ingå en extra uppsättning av 

dokumentationen, i pappers- och elektroniskt format, till 
MTA på varje sjukhus (DS,Solna och Huddinge) 

    
11. 

Service     
11.1 Leverantören skall redogöra för sin kapacitet för akut och 

förebyggande underhåll, utanför garantitid. 
Option för FU resp Fullservice enl. LABU 80 anges i 
prismall. 

    
11.2 

Rutiner för felanmälan skall specificeras i anbudet med 
telefonnummer, telefontider samt kontaktpersoner och 
leverantörens återkoppling. Exempelvis felanmälan via 
hemsida, mobil etc.     

12. Servicehjälpmedel     
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12.1 Anbudet skall innehålla option på de specifika 
servicehjälpmedel som krävs för att utföra certifierad service 
av utrustningen.tex. interface, testprogram, 
kretskortsförlängare, specialverktyg, etc. 
Ange paketkostnaden i prismall. 

    
13. Utbildning     
  Handhavande utbildning     
13.1 I anbudspriset skall ingå handhavandeutbildning av ca 20 

sjukvårdspersonal/sektion (DS,Huddinge,Solna).     
13.2 I anbudspriset skall ingå kostnader för utbildningsmaterial 

och demonstrationsutrustning.     
13.3 Leverantören skall tillsammans med berörda instruktörer 

planera och genomföra utbildningen snarast efter leverans där 
Leverantören är sammankallande. 

    
13.4 Utbildningen skall anpassas till personalens förkunskaper och 

vara tillräckligt omfattande så att samtlig personal uppfyller 
kraven i SOSFS 2008:1 för att använda utrustningens alla 
funktioner på ett korrekt och patientsäkert sätt enligt 
bruksanvisning.  
En utbildningsplan för personalen skall medfölja anbudet. 

    
13.5 De apparatansvariga på respektive avdelning skall få en 

fördjupad utbildning, för att kunna fungera som instruktörer. 
    

13.6 Ett interaktivt utbildningsprogram bör finnas för placering på 
Karolinskas intranät eller över webbsida. (10p)  

10   
13.7 Det interaktiva undervisningsmaterialet bör vara kompatibelt 

med Karolinskas utbildningsmiljö TILDA. (10p) 
10   

  Teknisk utbildning     
13.8 Vid leverans skall introduktionsutbildning för MT-ingenjörer 

genomföras, så att dessa kan utföra leveranskontroll etc. 

    
13.9 I anbudspriset skall ingå Serviceutbildning för två(2) MT- 

ingenjörer på varje sektion (DS,Huddinge,Solna), inkl resa, 
kost och logi.  
Kostnaden för utbildning av fler MT-ingenjörer skall anges 
per person i prismallen. 

    



The infant incubator from a hygienic and HTO perspective 

XXXVI 
 

13.10 Serviceutbildningen skall omfatta komplett servicekurs och 
bör vara likvärdig med den utbildning som leverantörens 
egen servicepersonal erhåller.     

13.11 Den tekniska utbildningen skall genomföras eller aviseras 
under garantitiden. En utbildningsplan för MT-ingenjörer 
skall medfölja anbudet.     

14. Garanti     
14.1 Garantitiden för utrustningen skall vara 1 (ett) år räknat från 

godkänd leveranskontroll.     
14.2 Option på förlängd garanti, ett år extra, skall anges i 

prismallen. 
    

14.3 I garantiåtagandet skall AU och FU inkl. allt material ingå 
utan ytterligare kostnad för Karolinska.      

14.4 Leverantören skall redovisa maximal stilleståndstid för 
felanmäld utrustning vid garanti eller serviceavtal.     

14.5 Vid ev. ersättningsleveranser skall Leverantören anmäla detta 
till MTA för ny leveranskontroll/registrering (som bekostas 
av leverantören) och förnyad garantitid . 

    
14.6 Service/reparationer under tid för garanti eller serviceavtal 

bör vara påbörjade och avslutade inom 10 - 48 arbetstimmar 
efter felanmälan, exklusive lör- sön- och helgdagar. (20p) 

20   
15. Hygien     
15.1 För att minimera risken för kontaminering mellan patienter, 

personal och utrustningar skall bruksanvisningen innehålla 
lämpliga metoder för rengöring och desinfektion. 

    
15.2 Utrustning skall tåla rengöring och desinfektion med 

produkter som finns upphandlade inom SLL.  
Länk: www.webhotell.sll.se/medicarrier se vidare under 
varukatalog/sjukvård/kemisk-tekniska produkter (objektnr. 
730).  
Ange vilka medel som kan användas och hänvisa till aktuella 
anvisningar i bruksanvisning. 

    
16. Miljö, skallkrav:     
16.1 Plast i offererad utrustning skall vara fri från aktivt tillsatta 

kemiska föreningar som bly, tenn och/eller kadmium .     
16.2 Batterier skall inte vara aktivt tillsatta kvicksilver.     
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16.3 Batterier av knappcellstyp skall inte innehålla mer än 1 vikt% 
kvicksilver.     

16.4 Om uppladdningsbara batterier offereras skall de vara fria 
från aktivt tillsatt kadmium.     

16.5 I anbudet skall anges utrustningens effektförbrukning i kW:  
a) I viloläge med kuvöstemperatur 32 grC och 
rumstemperatur 22 grC.     
b) Under behandling med kuvöstemperatur 36 grC och 
rumstemperatur 22 grC. 

    
16.6 I anbudet skall anges om utrustningen, någon del därav, eller 

dess tillbehör klassificeras som farligt avfall.  

    
  Miljö, börkrav:     
16.7 Emballage till produkten eller emballage till tillhörande 

förbrukningsmaterial bör inte innehålla PVC. (10p) 10   
16.8 Lödningar bör vara fria från aktivt tillsatt bly. (10p) 10   
16.9 Plast i utrustningen eller dess tillbehör bör vara fri från PVC. 

(10p) 
Om PVC förekommer anges i vilka delar, omfattning och 
mängder. 

10   
16.10 Laminat och/eller plast bör vara fria från aktiv tillsatts av 

samtliga följande flamskyddsmedel: 
Dekabromdifenyleter CAS 1163-19-5 
Hexabromcyklododekan CAS 25637-99-4 
Klorparaffiner C10-C13 CAS 85535-84-8 
Oktabromdifenyleter CAS 32536-52-0 
Pentabromdifenyleter CAS 32534-81-9 
Polybromeradebifenyler (PBB) såsom Hexbrombifeny CAS 
59536-65-1 
Tetrabrombisfenol A (TBBPA) CAS 79-94-7 
(10p) 

10   
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16.11 Plast i utrustningen bör vara fri från tillsatts av samtliga 
följande mjukgörare: 
Bensylbutylftalat (BBP) CAS 85-68-7 
Dibutylftalat (DBP) CAS 84-74-2 
Dietylhexylftalat (DEHP) CAS 117-81-7 
Diisodecylftalat (DIDP) CAS 26761-40-0, 68515-49-1 
Diisononylftalat (DINP) CAS 28553-12-0 
Di-n-oktylftalat (DNOP) CAS 117-84-0 
(10p) 

10   
16.12 Utrustningen bör uppfylla samtliga krav i RoHS-direktivet 

(2002/95/EG) avseende innehåll av kvicksiver, kadmium, bly, 
sexvärt krom och flamskyddsmelen PBB och PBDE. (10p) 

10   
16.13 Produktdokumentationen bör innehålla  information för att 

användaren ska kunna minimera miljöbelastning under 
normal drift/användning. (10p)  10   

16.14 Det bör finnas information om produktens miljöpåverkan ur 
ett livscykelperspektiv. (10p) 10   

17. Övrigt     
17.1 Komplett utrustning inkl. hårdvara, mjukvara och funktioner 

skall finnas på marknaden vid inlämnande av anbud.  

    
17.2 I anbudet skall anges hur det framtida samarbetet med 

Karolinska kommer att genomföras och hur slutanvändaren 
får ta del av nyutvecklade programvaror, funktioner och 
applikationer  

    
 Maximalt möjliga poäng: 580 
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