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INTRODUCTION

The technical framework of saturation diving makes it a much specialised occupation
and the confined environment is in itself biologically and physiologically extreme.
Additional factors, such as the environmental role of microbial growth and survival as
well as chemical pollution of seawater, make this niche unique with respect to human
exposure. Since the start of saturation diving on the Norwegian offshore sector,
hundreds of thousands of man-hours have been speat within such unique and highly
extreme occupational working systems (NPD dive database). Serious attempts o
establish unmanned deep water interventions by Remotely Operated Vehicle (ROV’s)
as a first choice were made al the beginning of the 90's, but since then, manned
intervention, i.e. deep diving, has once again become the method of choice for

maintenance work in medium-depth waters (30 - 180 msw).

This thesis focuses on the potential role of the environment in skin infections caused

by Psendomonas aeruginosa in North Sea deep divers.



1. OCCUPATIONAL SATURATION DIVING

In the opening chapter, | provide a brief introduction to a saturalion diver’s unique
and extreme working and living environment, as this is not common knowledge but of

vital importance for understanding of this problem area.

1.1  History and technical description

Oil exploration in the North Sea began on the UK coatinental shelf in the late 50s and
on the Norwegian continental shelf in the late 60's. The first Norwegian oil field g
explored for production was the Ekofisk field, in which oil was found in 1969 at 3000
m below sea level, and where production started in 1971. More than 30 years on, the
oil property is worth about NOK 2100 billions, or about NOK 100 billion a year in

income for the country.

Oil exploration in deep, dark and cold seawater demands highly advanced technical
systems, many of which include manned underwater intervention, i.e. deep divers
capable of installing and maintaining the structures. Eagineering techniques have
improved methods of working al depth in the open sea, and the technigue of saturation
diving, developed in the US Navy in the 50's and used for the first time in the open
sea in 1962, was undoubtedly a key technology for successful oil exploration in deep
waters (Freitag and Woods, 1983). “Saturation™ means that afier a ceriain time under

pressure, the body Muids and tissues reach equilibrium with the gases in the ambient
almosphere,



Occupational saturation diving systems consist of a network of closed and pressurised
steel chambers installed on board a vessel, from which divers are transported to their
place of work in the sea by diving bells. The ambient, pressurised atmosphere in the
chambers consists of helium, with partial pressures of oxygen of 40 to 60 kPa and
carbon dioxide and nitrogen at nominal partial pressures (Freitag and Woods, 1983).
Typical working depths in the North Sea are between 50 to 180 m (0.6 1o 1.9 MPa).
Decompression rates are limited to < 20 m per 24 hours, which means several days of
decompression even at moderate depths, resulling in a total saturation period of about
three weeks including the three phases of a) compression b) the working period at
storage depth and ¢) decompression. The ambient temperature is higher than normal
and is typically around 28-30°C, while relative humidity is kept at about 60% but may

reach 80-90% in periods of intense diving activity.

The low temperature at the working depths means that the diver needs to be actively
heated in order to maintain his thermal balance. To achieve this, divers wear
protective diving suits through which heated (~28°C) seawater is continuously
Mushed onto the skin. The seawater used for this purpose is taken at the site of
operation. No specific treatment sech as rinsing or disinfection has been performed
besides heating, although in very recent years, UV disinfection, including filtering,

has been tried,

1.2 Supporting systems

Obviously, saturation diving demands skilled operation of support systems to ensure
the efficiency, safety, health and comfort of the individual diver. These include



technical, physiological, biological and medical tasks, all of which are organised
through a diving contractor and performed on board the diving vessel. Vital support
systems during the work include gas, hot water to diving suits and communication, all
of which are provided by the long umbilical between the bell and the saturation

sysiem on the surface.

The on-board gas supply is separated into systems for chamber gas and breathing gas
while at work, and due to the high cost of helium, separate systems for gas reclaim are
installed. The quality criteria of gas are normally given in terms of pureness with
respect to other gases and no information regarding biological/microbiological or
chemical purity is required by the authorities, The mixture of helium and oxygen used
in the North Sea is supplied as “Diving Quality™ and is analysed for its content of

helium, oxygen and pitrogen.

Other vital tasks for the diving support leam include care of the divers’ personal

diving equipment such as helmets, masks, oral-nasals and suils.

Tasks of specific imporiance for performance and comfort, such as fresh water
supply, food and daily life management are taken care of by the ship management.
Fresh water can either be bunkered ashore or produced on board, the later traditionally
based on evaporation, but recently also on reverse osmosis (RO) systems. Water
produced by such systems is usually more corrosive than natural fresh water, but the

selection of materials for the vessels’ pipe work seldom takes this [actor into account.
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1.3 Health problems related to saturation diving

Exposure to hyperbaric environmenis is associated with risks of serious acute
diseases, such as decompression sickness and arterial gas embolism, the lalter as a
result of pulmonary barotraumas (Thorsen, 2003). Long-term effects have been
proposed both regarding neurological symploms and pulmonary functions surveyed
both through experimental and occupational diving on the Norwegian sector (Todnem
et al,, 1991; Hope et al., 1994; Skogstad et al, 2002, Thorsen, 2003). High Pressure
Nervous Syndrome, HPNS, is related to pressures beyond the levels used in
occupational saturation diving (> 180 msw) bul has been studied in experimental

diving (Todnem and Vaernes, 1993).

The most frequently encountersd medical problems in connection with diving are ear,
nose and throat (ENT) complications (Molvaer, 2003). Among these, acule infections
of the outer ear have been a well-known and frequent problem in saturation diving
since the introduction of the technique back in the late 60°s, Outbreaks of infections
among several divers at a time have been a frequent cause of costly breaks in

operations as described in both the USA and the UK (Thalmann, 1974; Alcock, 1977).

Uniil 1985, there was no world wide public systematic registration of health hazards
and complainis in relation to occupational saturation diving. The systematic database
initiated by the Norwegian Petroleum Directorate (NPD) at that time, was a
pioneering and unique effort. In Figure 1, the injuries included in this database are
shown. “Outer ear infections” is the most frequent. The term “Infections” includes
skin infections such as folliculitis and abscesses on other parts of the bady than the

ears. The term “Other health problems/injuries” includes mechanical damage o the
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skin and other type of skin complaints. A major complaint in this respect is massive
scaling of the skin on palms and soles. This phenomenon is called “Diver’s hand” by
divers and is a severe and incapacitating disease that affects many occupational
saturation divers, while it never has been registered in occupational air diving. As the
main problems occur post decompression; i.e. during divers’ time off at home, the
reporting of this problem was not systematised in the same way as other health
hazards,

SKADETYPER VED METMINGSOYKKING
TYPES OF INJURY IN SATURATION DIVING

Artal tttelier
Humber of accidents
XX LES
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Figure 1: NPD database 1999. Types of injury in occupational saturation diving.

To summarise health-related complaints, skin diseases are 4 major concern in

occupational saturation diving.



2. SKIN DISEASES

Skin diseases can be related to mechanical, chemicaltoxicological or biological/
microbiological factors. They may be superficial or invasive in deeper skin layers, or
both. Superficial diseases affect the upper part of the skin, the epidermis, which is
only 0.05 - 0.5 mm thick, and is divided into four layers: stratum basale, stratum
spinosum, stratum granulosum and stratum comeum, the last usually known as the

horny layer.

The normal skin microbial fAora is or outmost importance for prevention of infections
(Noble, 1981; Roth and James, 1988).

This thesis focuses on superficial skin infections, which can be of either primary of
secondary nature (Chan, 1983) and which can be caused by most type of microbes,

such as bacteria, virus, fungi and parasites.

2.1 Superficial skin infections

Primary bacterial skin infections are the most prominent among superficial infections
and are mainly caused by Gram-positive bacteria such as staphylococci and
streptococc, (Trent et al, 2001, Chiller et al., 2001, Sharma et al,, 2001), of which
Staphylococcus aureus is by far the most frequently reported skin infectious microbe,
as it has been since its first observation by Koch in 1878. This microbe is very
common as a normal coloniser of the nasal membranes (Kloos ef al,, 1990) and to
some extent also in the normal skin flora, which makes colonisation by S. aureus a

relevant factor in evaluation of mechanisms behind §. aureus skin infections. Group A
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Streptococei, GAS, are another frequent gram-positive primary skin pathogen, which
in some cases such as Impeligo are as frequently encountered as 5. aurens

(L Bevanger, personal comm.). This is also a relatively common coloniser of the
human pharynx (ca 10%), and has thus a possible endogenous relationship to skin
infections. Both of these species are very common in skin infections in warm and
humid environments, such as in the tropics (Bessen ef al, 2000) and in low-hygienic
settings, the latter emphasised by community-acquired methicillin resistant

Staphylococcus aureus, MRS A (Eady and Cove, 2003).

Gram-negative primary skin infections are very rare in healthy individuals with intact
skin (Hogan, 1977; Agger et al., 1995). Secondary skin infections by gram-negatives

are common.

2.2  Otitis externa

Infection-relaled otitis exierna is one of the most common ear-nose-throat infections
all over the world, (Walshe, 2001) and its aetiology has been extensively studied for
several decades (Sentura and Liebmann, 1956). 11 is generally accepted, that most
cases of external otitis occur in hot, humid environments and rarely in cool, dry
climates. lis basic actiology has nol yet been delermined, but is currently sharply
focused on bacteria. Surveys in the USA and in Israel 30 years ago proved
Staphylococcus aureus to be the major pathogen (Feinmesser et al., 1982) and this
was also reported by a study in the Norwegian population (Dibb, 1991). In the course
of time, however, the major agent has changed and in recent surveys, P. aeruginosa
has been found to be the dominant pathogenic bacterium (Clark et al,, 1997; Roland

et al,, 2002).



3 PSEUDOMONAS AERUGINOSA — an opportunistic pathogen

3.1 The Pseudomonas aeruginosa bacterium

Pseudomonas aeruginosa is the type species of the huge gram-negalive pseudomonas
genera. Comparison of 165 rRNA sequences has revealed extreme helerogeneity of
the traditional group of pseudomonads, and new genera are consecutively established
(Kersters et al., 1996, Anzai et al., 2000).

P. aeruginosa is 2 most common bacteria world wide, occurring in fresh- and
seawater, s0il and on plants although its natural habitat is not precisely defined
(Bergan, 1981). In fact, the species is notified for its metabolic versatility and its
exceptional ability to adapt to and colonize various ecological niches (Goldberg,
2000).

The bacterium is strictly aerobic and its ability to grow at 42 °C separates it from most
other ubiquilous water-related bacteria. The spectrum of secreted products is huge and
includes pigments, bacteriocins, loxins and a broad spectre of enzymes. The

production of enzymes and toxins by hospital strains of Pseudomonas aeruginosa has

been described in detail (Wretlind et al., 1973).

The most distinct feature of P. aeruginosa is the blue-green pigmentation due to
pyocyanins, which has been used both as an identification tool in the laboratory as

well as an indicator of the actiology of cutaneous lesions attributable 1o



P. aeruginosa; e.g. “green man” (Hall et al., 1968) and "green nail syndrome”
(Rhody et al., 2000), Other types of pigments produced are pyoverdins, pyo-
fluoresceins and bilirubins), while a few strains lack pigmentation. The haemolytic

effect oflen seen in older cultures is phospholipase C.

Pyocins are bacteriocins of P. aeruginosa produced by more than 90% of

P. aeruginosa strains. Pyocins are lytic and act as antibacterial compounds vis-3-vis
other P. aeruginosa and closely related species. Three types of pyocins have been
described: R-type-, F-type- and 5-1ype, and cach strain may synthesise several

pyocins (Michel-Briand et al., 2002).

Regarding pigment production and pyocin lypes, there is no valid evidence for
correlation to virulence (Baltch and Griffin, 1972; Al Dujaili and Harris, 19735).

P. aeruginosa exo-toxin A has been discussed as a virulence factor due to its lethal,
necrotic and cytoloxic effects (Liu, [974), although no significant evidence has been
established. A possible role of P. aeruginosa exotoxin A gene for the severity of
symploms in patients with otitis externa has very recently been discussed (Matar et
al., 2002). Another exiracellular product with a possible relation to virulence is
alginate, which is a major component of P. aeruginosa biofilms that protect the
bacteria from the host immune response and antibiotic therapy (Firoved and Derectic,

2003).
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With respect to skin infections, adherence to skin epithelium is a key factor.

In accordance with most bacteria, P. aeruginosa is shown lo adhere to different
epithelial cells (Pgaard et al,, 1985), and in addition, a specific adherence to the
external auditory canal epithelium has been suggested (Sundstrom et al, 1997).
Furthermore, specific adherence to carbohydrate structures of blood group A,
expressed through lectins in the outer ear epithelium has been suggested (Stewer er al,,
1995).

3.2 Pseudomonas aeruginosa in diseases

P. aeruginosa was first described from wounds by Gessard in 1882, but is generally
regarded as a low-pathogen and thus mainly as a nosocomial problem. As such, it is
known from a variety of diseases in immune-compromised persons, e.g. those
suffering from burns and cancers, and in people with underlying skin discases, such as
self-limited folliculitis and ecthyma gangrenosum (Bisno, 1984, Greene, 1984;
Molina, 1991, Rhody, 2000). Athlete's foot is another skin discase in which the
bacterium causes separation of the horny layer (Abrahmansen et al., 1983). The

species is less frequent in skin infections in elderly people (Laube, 2002).

Beside skin infections, P. aeruginosa is a most prominent causal agent to recurrent
infections in patients suffering from obstructive lung discases, such as chronic
obstructive pulmonary disease, COPD (White et al, 2003) and cystic fibrosis (Pi,
2002). The P. aeruginosa strains involved in these infections are often strong

alginate-producers (Hentzer et al., 2001).
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The low pathogenity of P. aeruginosa as a skin infectious agent has been
demonstrated in experimental studies that attempted at induce infection, and in which
infections were produced by most gram-positive and gram-negative bacteria used in
the experiments but not by P. aeruginosa ( Singh, 1974). Despite its low
pathogenicity, P. aeruginosa is frequently seen in superficial skin infections in certain
populations such as swimmers (Hoadley et al,, 1975; Reid et al., 1980), divers
(Thalmann, 1974, Alcock, 1977) and people using whirlpool baths and hol tubs
(Gustafson, 1983; Solomon, 1985; Ratmam, 1986; Gregory, 1987;Price 1988; Berger
and Seifert, 1990, Zichichi, 2000). “Swimmer’s ear” is the term used for acute diffuse
external otitis, which is related virtually without exception to a single bacterial species

- P. aeruginosa (Sentura &Liebmann 1956, Ed. Br Med J 1976; CDC 2000).

The cause of the frequent presence of this low- pathogen in skin infections in
otherwise healthy people such as swimmers, divers and whirlpool users has not been
fully determined. Hydration of skin has been suggesied as a ceniral parameter from
several points of view, among these alierations in the skin bacterial flora (Marples,
1963, Wright et al., 1972) and alterations in pH, CO; and transepidermal water loss
(Aly et al, 1978). The shifl in microbial flora is suggested as related to removal of ear
canal lipids or decreased flow of lipids to the skin surface as a result of increased

moisture content (Sentura and Liebmann, 1956).

Increased pH will facilitate the establishment and growth of P. aeruginosa on skin, as
the normal skin pH of 3 is too low for P. aeruginosa, whose lower pH limit for
growth is 5.5. Increased pH levels up to 8-8.5 will be a selective parameter for the

growth of P. aeruginosa in its competition with most other water-related bacteria.
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Despite failure to establish infections even under provocative experimental conditions
(Singh, 1974), experimental studies regarding superhydration of skin and jts
consequences conclude P, aeruginosa to be a main causal of massive dermatitis
(Hoijo-Tomoka et al., 1973). P. aeruginosa contamination of water related to
hydration is rarely discussed in papers dealing with this issue, but is a realistic
candidate, knowing the ubiguitous presence of this microbe in tap water (Jaeggi et al,
1990). Even the use of distilled water in experimental skin studies may affect the
results in favour of P. aeruginosa due to its ability to grow in such water (Favero et

al., 1979). The specific role of hydration, therefore, is probably not yet fully known.

Following the documented risk of acquiring outer ear infections from swimming and
diving, local prophylactic measures have been introduced (Thalmann, 1974;
Hutchison et al., 1975). Such cardrops have been based on acetic acid in various
concentrations, with the aim of acidifying the epithelium and thus eliminating
colonisation by P. aeruginosa, The effect was later related to the acetic acid molecule
rather than 1o acidity as such, as the effect failed to appear with stronger acids (Ffruving,
1962).

4.  EPIDEMIOLOGY

The word epidemiology is derived from the Greek “epi” (onfupon) “demos” (people)
and “logia” (study of knowledge). Classic epidemiology comprises the identification

of responsible principals or agents (actiology), sources and reservoirs of these agents,
modes of transmission, groups at risk of becoming ill and types of exposure that
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predispose to disease. Epidemiological studies involve groups rather than individuals,
and the ultimate goal is the prevention and control of disease, rather than diagnosis

and treatment.

The differentiation of multiple isolates of the same bacteria or determination of
specific relations between the isolates demands molecular epidemiological typing.
The basic premise is that epidemiologically related isolates are derived from a single

origin and thus differ from epidemiologically unrelated isolates.

Among the most important criteria for epidemiological typing techniques are
typeabilily, reproducibility and discriminatory power. Molecular typing can be
classified into phenotyping and genotyping, the former for detection of expressed
characteristics in the isolates and the latter for separation at DNA level. Classic
techniques for phenolyping include biotyping, antibiotic susceptibility/resistance
pattems, serotyping and bacteriocin typing (Bergan and Midiveds, 1975; Pitt, 1988).
The most frequently used genotyping techniques are restriction endonuclease analysis
of DNA by means of Pulsed Field Gel Electrophoresis (PFGE) (Tenover, 1995),
polymerase chain reaction, PCR (Thiele et al., 1990) and nucleotide sequence analysis

(Holloway et al, 1992).

5.  EXPERIENCES PRIOR TO THE THESIS WORK

Field experiences
The initial samplings from divers’ ear infections in the Norwegian occupational

saturation systems supported earlier findings of P. aeruginosa as a frequent causative



microbe and pure-culture isolates were common. However, mixed gram-negative flora
including coliforms was not rare, indicating sub-optimal hygienic procedures. Ear
infections, caused by P. acruginosa were successfully treated by ear drops containing
gentamycin/polymyxins (Thalmann, 1974; Dibb, 1987).

The diving contractors put a great deal of effort into the development of strategies,
procedures and routines in order to prevent infections. Prophylactic ear drops (Otic
Domeboro) were introduced (Dibb, 1985) and sharper focus was placed on
disinfection and hygiene as preventative tools. Thus, since 1985 and exclusively in the
Morwegian sector, a nurse is always on board the diving vessel, helping both to co-
ordinate and assist the field investigations as well as to execute the practical
implementation of new knowledge.

Microbiological surveys were regularly carried out during operations in order to map
microbial contamination within the systems, 1o investigate the efficiency of various
disinfection agents and to evaluate methods and procedures. These surveys were
summarized in a SINTEF report STF23 A91039 "Programme for Research and
Development in Diving Technology (FUDT) - Bacteriology 1988-1990. A summary”™.
These field surveys enabled occupational procedures to be gradually upgraded, while
specific guidelines for disinfection and hygiene were drawn up and reported (Ahlén et
al, 1991). Guidelines for a simple method of field microbiological sampling were

also described (Dibb, 1992).
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Laboratory analysesiexperiments on field-related P, aeruginosa

The microbial material from the diver’s infections and environment was consecutively
analysed by routine biolyping including species determination by APl ZONE
(BioMerieux, France) and antibiotic resistance testing to Gentamycin/Polymyxin in
relation to its use in field treatment. For further discrimination, serolyping was
performed on all P. geruginosa isolates. Serotyping is based on major antigens
expressed by lipopolysaccharides (LPS) in the outer membrane of the cell wall, and
P. aeruginosa serolyping was first introduced by Aoki et al,, 1926, Researchers
subsequently formed their own serotyping schemata, making comparison of results
belween studies impossible. A reference method based on an international
serogrouping schema of seventeen O-serotypes {Inmnati;m] Antigenic Typing
System, IATS) was prepared (Liu er al, 1983) and later extended to include a further
three antigens. (Liu et al., 1990). This serotyping method has been the “gold standard”
for epidemiological studies of P. aeruginosa. Traditionally, serotyping has been
performed by means of polyclonal antisera and the typeability using this method
wvaries from 85-95% to 45% (Walia et al,, 1988).

Early observations of a growth-inhibiting effect from some infectious-related

P. aeruginosa directed towards species from the normal ear flora was analysed with
respect to known extracellular substances, such as pigments, pyocins and enzymes
{unpublished data) and was also evaluated with respect 1o earlier described
“antibacterial” compounds (Zyskind, 1965; Machan et al., 1991). As the phenomenon

did not match any of the factors evaluated, it was atiributed antibactenial factor, ABF.



Unlike the data reported by Alcock, 1977, the freshwater systems on board
occupational diving vessels were seriously contaminated with

P. aeruginosa. Use of plastic materials (e.g. PVC) in the fresh water buffer tanks to
the chambers were suggested to be of ullimate imporiance in this respect, as PVC is
shown to favour attachment and growth of P. aeruginosa (Pedersen et al.,, 1986).
Upon further evaluation, the traditional water production systems used include several
factors which may favour growth and survival of P, aeruginosa, such as evaporation
temperature of 42°C and anticorrosive treatment by alcali to pH 8-8.5 (Ahién et al,

1987).

The presence of the same serotype patlems in fresh water and infections indicated a

potential environmental role for the P. aeruginosa isolates in the infections.



AIMS OF THE THESIS

Following implementation of beller strategies, procedures and routines for prevention,
a reduction in skin infections was seen during the first years of the NPD registration
programme (1986-1989). On further evaluation this reduction was found Lo apply 1o 2
reduction in mixed infections involving gram-negatives including coliforms, i.e.
infections related to limitations in the hygienic features of the diving systems.
However, outbreaks of pure culture infections with P. aeruginosa were subsequently
reported. In this situation, the natural challenge was to identify the sources and
manner of spreading of the infectious pure-culture isolates of P. aerugingsa and to
enable strategies for elimination to be developed or at least to minimise their presence
in the occupational diving systems, i.e. an epidemiological challenge. This raised the
following questions:

a) What are the risk factors involved in acquiring skin infections during saturation?
b) Are some P. acruginosa isolales a greater infectious threat than others?

€) Are there specific habitats for infectious isolales in occupational diving systems?

“Diver’s hand” (DH) has not been described elsewhere and its aetiology is unknown.

Topics to be studied regarding this phenomenon were:

a) Mapping of extent of DH among occupational divers.

b) Description of clinical picture and histological investigations for epidemiology

and mechanisms.
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SUMMARY AND DISCUSSION

Al the time of our introduction lo occupational saturation diving in 1985, the
increased risk of acquiring outer ear infections was well known to both operators and
divers (Thalmann, 1974, Alcock, 1977). However, no wrillen data on the occurrence
or frequency of such infections at an occupational level were available from the
MNorwegian sector of the North Sea. Moreover, the main causalive agenl was well
known as the “pyo” bacterium, a nickname for Pseudomonas aeruginosa. In spite of
the fact that the infections developed during saturation periods, and therefore were
likely to be related to the occupational environment, the leading theory regarding
sources and spreading was that the diver himself introduced the infectious agent, a
theory adopted by several authors {Alcock, 1977; Bell, 1985). Local prophylactics in
form of acetic acid ear drops (Otic Domeboro) and local treatment (Gentamycin

/Polymyxins) were thus used empirically and at a personal level.

The theary of divers as carriers of infections pseudomonas strains was in contrast to
common knowledge that the normal skin flora does not contain pseudomonas (Noble,
1981) and verified also in a Norwegian healthy population (Dibb, 1990). The fact that
pseudomonas is seen in less than one percent as transient flora in normal ears even in
tropical and subtropical climates (Sentura and Liebmann, 1956) made the theory even

more doubtful.

The detection of infectious strains in the environment made identification of
reservoirs and sources a matter of priority. The tools available for such discrimination
within the P. aeruginosa species were all phenotypic with serolyping as the “golden

standard”. As mucoid strains of P, aeruginosa are very rare in our material, serotyping
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by use of polyclonal antisera was a successful tool (> 75%). The serotyping of P.
aeruginosa showed a limiled serotype patitern in diver-related infections compared to
hospital infections (Paper I). A limited spectrum of five serotypes was obtzined from
divers' infections (n:120) compared to ten serotypes from hospital infections (n=45).
The dominance of certain serolypes in diver-related infections is exemplified by
serotype 0:11, which was represented in 45% of the divers infections compared to 7%
from hospital infections. The dominance of serolype 0:11 was also seen in the
environmental and fresh water samples from the saturation systems. This was our first

indication of a possible role of environmental factors in P. aeruginosa infections in
this particular occupation.

Dominance of serotype O:11 has been reported from clinical and environmental
studies around the world, both community-acquired infections as well as folliculitis in
water-related activities , e.g. swimming pools and whirlpool baths (Highsmith et al.,
1985.; Tassios et al., 2000), the latter reporting multidrug resistance in sirains of this

serotype.

The deminance of serotype O:11 was a serious limit in the suitability of serotyping as
a tool to address our concems. A combination of phenotyping methods, with
serolyping as a primary screen and use of pyocin typing for finer discrimination
between isolates has been recommended (Pit, 1985). As pointed oul above, pyocins
are lytic and are solely direcied at other pseudomonads. Our observations of an
antibacterial factor from P. aeruginosa from divers’ skin infections (Paper I) were
thus not understood 1o be a pyocin compound, as its effect was direcled towards skin

normal flora and ne lytic effect could be seen. As the antibacterial factor, ABF, was



observed in divers' skin infections and not in the corresponding clinical infections
investigated in parallel, we assumed ABF to be a plausible additive epidemiological
marker in combination with serotyping in this specific occupation. However, even if
all the diver-related infectious isolates of serotype O:11 expressed ABF, only a small
percentage of serotype O:11 from the environment were posilive with respect to this
antibacterial aclivity (unpublished data) and this strongly demonstrated the restriction

of serotyping as an epidemiological tool in this occupation.

A breakthrough in our epidemiological work was made in 1994 by the introduction of
novel genetic techniques, based on restriction enzyme fragmentation of DNA together
with new approaches of electrophoresis. The novel techniques using rare-cutting
resiriction enzymes (McClelland et al., 1987) and the recently developed method of
pulsed field gel electrophoresis, PFGE (Chu et al., 1986; Clark et al., 1988; Lai et al.,
1989) had been demonstrated as very successful for distinguishing of bacterial isolates
and are currently a very well-known and approved technique.(Speers, 2002). Plausible
candidates for rare-cutting endonucleases suitable for P, aeruginosa had been
described (Rdmling et al, 1990) and the potential of this method was readily shown
by its use in genome size determination of P, aeruginosa (6000 kilobases) (Hector et

al., 1990; Ratmaningsilim et al., 1990),

Five rare-cutting enzymes were tested on a selection of P. aeruginosa isolates from
our biobank, Dral, Xbal, Asal, Sspl and Spel, the latler the most appropriate for our
purposes, as exemplified in Paper III, Figure 4. The combination of Spel and PFGE
had been shown to be a very useful tool for whole genome analyses of P. aeruginosa

PAO (Holloway et al,, 1992) and has been the “gold standard™ in our epidemiological
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work in occupational saturation diving. Interpretation of the DNA restriction patterns
produced by PFGE results and the criteria for baclerial strain typing has been done in

compliance with the recommendations by Tenover, 1995,

The potential of this new tool was clearly demonstrated by a retrospective mini-
epidemiological study (Paper I). The twelve skin infections analysed could be
separated into five different PFGE genotypes consecutively coded from A to E. The
reservoirs of two of the infectious genotypes were demonstrated by their presence in
the freshwater systems prior to the infections (D and E). Although not identified in the
environment on that particular occasion, genotype A has since been demonstrated in
both freshwater and gas systems on board diving vessels. The sources/reservoirs of

genotypes B and C were not identified nor have they been seen since.

The inadequacy of serolyping in our context was strongly demonstrated by the PFGE
analyses referred to above. The shared serotype O:11 pattern in the genolypes, A, B
and E was later verified in many additional genotypes. This was exemplified, but not
specified, in Paper 11, Figure 1, which show twenty different genotypes of serotype
0:11, The heterogeneity of serotypes among genotypes has since been reported in
other studies (Muller-Premru M et al., 2000).

Genotypes D and E are the most frequent genotypes in infections and in the
environment (Papers I and LII). The longitudinal presence of more than ten years by
now (Papers 11 and III), indicate environmental promotion of growth and survival, as
also is of relevance for the other frequent infectious genotypes N, AD and AU (Paper
).



The longitudinal demonstration of the same genotype is a confirmation of both the
typeability and reproducibility of the method used. The distinct PFGE patterns make
discrimination of the genotypes easy (Paper 111, Figure 3) and this demonstrates the
good discriminatory power of the method. Based on this, it is not likely that there are
close family relationships between these frequent genotypes. Macro-restriction
fragmentation of the P. aeruginosa genome has shown highly diverse patterns
(Rémling et al., 1994). This versatility has been further strengthened in recent studies,
which demonstrate whole-genome sequence variation among multiple isolates of

P. aeruginosa (Spencer et al,, 2003).

Despite the subsequent implementation and acceptance of the resulls of our studies,
which strongly suggested an environmental role for these infections, divers were still
being accused of being the source and carrier of the contagious agents into saturation
systems. This was especially a problem for divers getting recurrent infections and in
fact, cases of divers being excluded from diving operations due 1o recurrent infections
have been reported. Such a case was analysed by retrospective PFGE analyses of the
genotypes present in infections in a single diver in 1989, 1990 {twice) 1996, 1997 and
1998 (Paper II). The known, established environmental genotypes AAA, D and N
were identified as causal agents in four of the six recurring infections. With reference
to the postulated positive correlation between the occurrence of external otitis and
blood group A (Steuer ef al, 1995), we did not find such a correlation in our material,

and it is worth mentioning that the diver referred to above has blood group O.



The role of the frequent infectious genotypes in infection outbreaks i.e. infections in
several divers during a shorter period of time has been demonstraied by several cases
(Paper I1I). With the exception of genotype BM, all outbreaks have been caused by
environmentally related frequent appearing genotypes (Papers 11 and IIT). Lack of
environmental identification for BM might be related to the fact that regular
environmental control had not been introduced on all vessels by the lime of its
occurrence. Genotype AAA is another outbreak —related genotype with short periods

of presence in the saturation environment (Paper III).

The role played by divers' personal equipment in the survival of infectious genotypes
is exemplified by the outbreak of infection in spring 1997 and the subsequent isolation
of the specific genotype throughout the summer (Paper [II). The genotype responsible
was identified from the freshwater supply in connection with the outbreak, and was
spread to the equipment by the cleaning procedures employed; in fact, it was found in
the diluted disinfectants in use in the diving bells; i.e. spreading from the fresh water

used as diluents.

Based on our studies, we regard the fresh water system as the most potential reservoir
for infectious genotypes in saturalion systems. Further PFGE analyses have shown
that all the frequent infectious genotypes D, E, N, AD, AU and AAA have been
identified from these systems (Paper 11, Figure 2), most of them for long periods of
time. However, presence in fresh water systems has also been shown for a number of
other P. aeruginosa genotypes from single infections as well as genolypes never
shown 1o be infectious. This is in agreement with our earlier stalement assuming

freshwater systems on diving vessels to promole growth of P. aeruginosa.



The fact that only a few of the genotypes present in these systems over time are
frequent in infections indicates that other factors than growth and survival might be of
importance. This is further strengthened by the fact that some established genotypes
never have been seen from infections in spite of their persistence in freshwater
systems. Genotype G is such a genotype, having been found in freshwater systems
and the environment for seven years but never isolated from infection (Paper [11).

Most of the fresh water used on board diving vessels is produced from scawater,
which may point towards seawater as a plausible source of microbial contamination,
This has been demonstraled 10 some extent by genotype M (Paper III, Table [I) and
later upon further retrospective analyses genotypes, D and E (unpublished data).
Isolation from seawater, however, is very rare, and the fact that many other

P. aeruginosa genotypes have identified throughout the surveillance period (Paper III,
Table 1) suggests that a general or frequent occurrence of the infectious genolypes in

seawaler is not likely.

The potential role of seawater as a source lo infectious genolypes was clearly
demonstrated by the field study (Paper IV), in which subsequent and almost daily
contamination of new P. aeruginosa genotypes from seawaler was seen. However,
only genotype TP12 managed to invade the vessels’ freshwater production and supply
systems and produce infections (Paper V). This strongly strengthens the hypothesised
selective preference of some genotypes in these systems, which also may reflect the
presence of the infectious genotype TP2 throughout more than four months

surveillance. The fact that none of our earlier identified P. aeruginosa genotypes were
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observed in this field study may be explained by the character of the operation in
which pipe-laying in earlier un-explored areas was the main activity, and may be an
indication of a geographically restricted distribution of the frequent infectious

population.

Other skin problems

“Diver's hand”, DH, the severe and incapacitating skin scaling in palms is strongly
related to saturation diving. This statement is based vpon the facts that DH is
unknown 1o air divers both offshore and onshore and that none of the affected divers
had experienced the phenomenon prior to their first saturation. The actiology remains

unknown,

Due to the frequent occurrence of Pseudomonas aeruginosa in various skin infections
(otitis externa and folliculitis), the microbe was as well surveyed with respect to DH.
Field studies of microbial flora of palms were performed throughout several saturation
periods (STF23 A 91006, SINTEF report 199, unpublished). Dominance of gram-
negative rods including coliforms and infrequently including P. aeruginosa was found
in both DH positive and DH negative divers. On behalf of the divers' requests, further
evaluation of a possible role of P. aeruginosa was done by prophylactic treatment
(acetic acid solutions). No significant differences were seen with respect to DH
development (unpublished data),

DH symptoms in relation to other known skin diseases such as “Recurrent focal
palmar peeling” caused by streptococcae and staphylococcae and “Keratolysis

exfoliativa™ were evaluated as were fungi and algae (STF23 A94056, SINTEF report



1995, unpublished). “Pitted keratolysis” was another discase evaluated (Zaias et al,,
1965).

The extended studies including histological examinations (Paper V) showed no
significant signs of inflammation or known pathogens. The study concluded
decompression as being of no or little relevance, as DH developmenl occasionally

were demonstrated during compression and commonly during bottom lime.

Recent literature regarding skin scaling as a result of waler exposure as such suggests
that extended waler exposure for 4 to 24 hours results in a three- or four-fold increase
in the thickness of the stratum corneum. This in turn leads to extensive disruption of
the intercellular lipid lamellae of the stratum cornevm (Warner et al.,, 2003; Bouwstra
et al., 2003). The plausible role of water exposure as such may be discussed, as all
divers are exposed to water for long periods, but not all suffer from DH. Additional

factors are therefore believed to be of importance.

Recent publications on Kytococcus sedentarius as the causal agent of "pitted
keratolysis™ (Longshaw et al., 2002), vogether with frequent observations of the same
microbe in gas supplied for saturation diving (SINTEF report STF 78 2002, o be

published) could indicate that this microbe may play a role in the development of DH.

In view of this new information, a retrospective pilol study of stored DH material

from our bio-bank was carried out during spring 2003 (Draft enclosed- Appendix A).
The detection of Kvtococcus sedentarius in samplings from palms of divers suffering
from DH indicate that also this skin problem may be related to microbes as a causing

agent.

1



CONCLUDING REMARKS

This thesis is a summing-up of my work on the identification and prevention of skin
infections in the special field of occupational saturation diving in the North Sea. Since
the start in 1985, the studies have consistently pointed in the direction of an
environmental role in such infections, and in particular towards contamination of
diving vessel [reshwater systems, a viewpoint which has been confirmed by

retrospective genetic studies.

The exclusive role of a certain P. aeruginosa genotype population in skin infections in
occupational saturation divers is strongly underlined by Ihe fact that only 2 % of the
P. aeruginosa genotypes identified (8/332) are responsible for most infections and for
all the registered outbreaks. The fact that the frequently infectious genotypes persist
within saturation diving systems for years in spite of that new genotypes are steadily
being introduced is noteworthy, and demonsirates, that a minority of genotypes
displays a specific preference for this habitat and thus exert a constant pressure on the
development of infections. This is further substantiated by the fact that these
particular strains are only rarely found in seawater, which has been shown to be a

probable source.

The aetiology of “Divers hand” remains unknown. The recent identification of the
role of Kytococcus sedentarius in skin scaling symptoms may be worth further

evaluation.



REFERENCES

Abramson C. Athlete's foot caused by Pseudomonas aeruginosa. (Clin Dermatol 1983

Jul-Sep;1(1):14-24)

Agger WA, Mardan A. Pseudomonas aeruginosa infections of intact skin. Clin Infect

Dis. 1995 Feb;20(2):302-308.

Ahlén C, Engli AM, Brubakk AC: Hygienic criteria for fresh water in deep diving
systems. In: proceedings of the X1IIth Annual EUBS conference on diving and

hyperbaric medicine. Palermo, 1987, pp 322-326.

Ahlén C, Leinan I, Berg M. Guidelines for Cleaning/Disinfection in Chamber Systems
used in Operational saturation Diving. 1991. Richardson, TX, Society of Petroleum
Engineers, Inc. (SPE 23234).

Alcock SR. (1977). Acute otitis externa in divers in the North Sea. A microbiological

survey of seven saturation dives. Journal of Hygiene (Camb) 78:395-409.
Al-Dujaili AH, Harris DM. Pseudomonas aeruginosa infection in hospital: a
comparison between "infective’ and 'environmental’ strains. J Hyg (Lond). 1975

Oct; 75 (2):195-201.

Aly R, Maibach HI, Strauss WG Shinefield HR (1972). Survival of pathogenic

microorganisms on human skin. J Invest Dermatol 58:205-210.

as



Aly R, Maibach HI, Shinefield HR (1975). Correlation of human in vivo and in vitro

cutaneous antimicrobial factors. J InfectDis 131:579-583.

Aly R, Maibach HI, Shinefield HR (1977). Microbial flora of atopic dermatitis. Arch
dermato] 113:780-782.

Aly R, Shirley C, Cunico B, Maibach HI (1978). Effect of prolonged occlusion on the
microbial flora, pH, Co2 and transepidermal water loss. J Invest Dermatol 71: 378-
381.

Aly R and Maibach HI eds. Factors controlling skin skin bacterial flora. In Skin

microbiology - Relevance to clinical infection. Springer —Verlag NY, 1981.

Anzai, Y., Kim H., Park, J.-Y., Wakabayashi, H., Oyaizu, H. (2000) Phylogenelic
affiliation of the pseudomonads based on 165 rRNA sequence. Int. J. Syst. and

Evolut. Microbiol., 50, 1563-1589.

Balich AL, Griffin PE. 1972. Psevdomonas aeruginosa: pyocine types and clinical
experience with infections in a general hospital. Am J Med Sci. 1972 Sep;264

(3):233-246.

Bell DN. Otitis externa. A common, often self-inflicted condition. Postgrad Med.
1985 Sep 1:78(3):101-104, 106.



Bennet & Elliots Physiology and Medicine of Diving. Eds Brubakk and Neuman. 5"
edition. 2003. ISBN 0-7020-2571-2.

Bergan T and Midwved: T. Epidemiological markers for Pseudomonas seruginosa.

Acta Pathol Microbiol Scand [B]. 1975 Feb;83(1):1-9.

Bergan T. (1981). Human- and animal-pathogenic members of the genus
Pseudomonas. P666-T00. In MP Starr, H Stolp, HG Triifer, A Balows and HG
Schlegel (ed). The procaryoles: a handbook on habilats, isolation and identification of

bacteria. Vol 1. Springer-Verlag. Berlin.

Berger RS, Seifert MR. Whirlpool folliculitis: a review of its cause, treatment, and

prevention. Cutis, 1990 Feb;45(2):97-98. Review.

Bessen DE, Carapetis IR, Beall B, Karz R, Hibble M, Currie BJ, Collingridge T, [zzo
MW, Scaramuzzino DA, Sriprakash KS5: Contrasling molecular epidemiology of group
A streptococci causing tropical and noniropical infections of the skin and throat.

Infect Dis. 2000 Oct;182(4):1109-1116.
Bisno AL.Cutaneous infections: microbiologic and epidemiologic consideralions.

Cutaneous infections: microbiologic and epidemiologic considerations. Am J Med.

1984 May 15;76(5A):172-179. Review.

37



Bouwstra JA, de Graaff A, Gooris GS, Nijsse J, Wiechers JW, van Aelst AC, Waler
distribution and related morphology in human stratum corneum at different hydration

levels.) Invest Dermatol. 2003 May;120 (5):750-758.

Centers for Disease Conirol and Prevenrion. Pseudomonas dermatitis/folliculitis
associated with pools and hot tubs--Colorado and Maine, 1999-2000, JAMA. 2001

Jan 10;285(2):157-158.

Centers for Disease Control and Prevention. Public health dispatch: outbreaks of
community-associated methicillin-resistant Staphylococcus aureus skin infections—

Los Angeles County, California, 2002-2003. JAMA. 2003 Mar 19;289 (11):1377.

«Chan HL. Bacterial infections of the skin. I: primary and secondary infections. Ann

Acad Med Singapore. 1983 Jan;12 (1):92-97.

Clark WB, Brook I, Bianki D, Thompson DH. Microbiology of otitis externa.

Otolaryngol Head Neck Surg. 1997 Jan;116 (1):23-25.

Chiller. K, Selkin BA, Murakawa GJ. Skin microflora and bacterial infections of the

skin. J Investig Dermatol Symp Proc. 2001 Dec;6 (3):170-174. Review,

Chu G, Vellrath D, Davis RW. Separation of large DNA molecules by contour-

clamped homogeneous electric fields. Science. 1986 Dec 19;234 (4783):1582-1585.

8



Clark SM, Lai E, Birren BW Hood L. A novel instrument for separating large DNA
molecules with pulsed field homogenous electric fields. Science. 1988. Sep 2; 241
(4870):1203-1205.

Dibb WL. In vitro efficacy of Otic Domeboro against Pseudomonas aeruginosa.
Undersea Biomed Res. 1985 Sep;12(3):307-313.

Dibb WL. The normal microbial flora of the outer ear canal in healthy Norwegian

individuals. NTPH Ann. 1990 Jun;13 (1):11-16.
Dibb WL. Microbial aetiology of otitis externa. J Infect. 1991 May;22 (3):233-239).
Dibb, WL. Description and evaluation of a simple method for microbiological studies

on otitis externa. Undersea Biomed Res. 1992 Nov;19{6):463-469,

Eady EA, Cove JH. Staphylococcal resistance revisited: community-acquired
methicillin resistant Staphylococcus aureus-an emerging problem for the management
of skin and soft tissue infections. Curr Opin Infect Dis. 2003 Apr;16 (2):103-124,

Review.

Editorial: Swimmer’s ears: B Med J 3:213, 1976.

Favero MS, Carson LA, Bond WW, Petersen N.: Pseudomonas aeruginosa: Growth in

distilled water from hospitals. Science 1979; 173:863-838.

a9



Feinmesser R, Wiesel YM, Argaman M, Gay I. Otitis exierna - bacteriological survey,

ORL J Otorhinolaryngol Relat Spec. 1982; 44(3): 121-125.

Firoved AM, Deretic V. Microarray analysis of global gene expression in mucoid

Pseudomonas aeruginosa. ] Bacteriol, 2003 Feb; 185(3):1071-1081.

Fluge G, Ojeniyi B, Hoiby N, Digranes A, Ciofu O, Hunstad E, Haanaes OC,
Storrosten OT. Typing of Pseudomonas seruginosa strains in Norwegian cystic
fibrosis patients. Clin Microbiol Infect. 2001 May; 7(5):238-243.

Freitag M and Woods A. Commersial diving. Reference and operations handbook.
Bath, UK. Wiley, 1983,

Goldberg JB (2000). Pseudomonas global bacteria. Trends Microbiol 8:55-57.

Greene, SL, Su WP, Muller SA. Pseudomonas aeruginosa infections of the

skin. Am Fam Physician. 1984 Jan;29(1):193-200.

Gregory DW, Schaffner W. Pseudomonas infections associated with hot tubs and other

environments. Infect Dis Clin North Am. 1987 Sep;1(3):635-648.

Gustafson 1983 TL, Band JD, Hutcheson RH Jr, Schaffner W. Pseudomonas

folliculitis: an outbreak and review. Rev Infect Dis. 1983 Jan-Feb;5(1):1-8.

Hall JH, Callaway JL, Tindall JF, Smith JG Jr. Pseudomonas acruginosa in

dermaiology. Arch Dermatol 97:312-323, 1968.



Hector J§, Johnson AR. Determination of genome size of Pseudomonas aeruginosa
by PFGE analysis of restriction fragments. Nucleic Acids Res. 1990 Jun
11;18(11):3171-3174, Erratum in: Nucleic Acids Res 1990 Aug 25;18(16):4991.

Hentzer M, Teitzel GM, Balzer GJ, Heydorn A, Molin S, Givskov M, Parsek MR.
Alginate overproduction affects Pseudomonas aeruginosa biofilm structure and
function. J Bacteriol. 2001 Sep; 183(18):5395-5401.

Highsmith AK, Le PN, Khabbaz RF, Munn VP. Characleristics of Pseudomonas
aeruginosa isolated from whirlpaols and bathers. Infect Control. 1985 Oct;6(10):407-

412.

Hoadley, AW, Knight, DE. (1975). External otitis among swimmers and non-
swimmers. Arch Environ Health 30. Sept 1975.

Hope A, Lund T, Elliott D, Halsey M, Wiig H. 1994. Long-term health effects of
diving. An international consensus conference at God@ysund, Norway 1993, June

6-10. NUTEC and University of Bergen, Bergen, Norway.

Hogan, P. Primary skin infections. Aust Fam Physician. 1997 Oct;26(10):1171-1175.

Review.

Hajyo-Tomoka MT, Marples RR, Kligmann AM.: Pseudomonas infection in

superhydrated skin. Arch Dermatol. 1973; 107:723-727.

41



Holloway BW, Morgan AF.Genome organization in Pseudomonas. Annu Rev
Microbiol. 1986;40:79-105. Review.

Holloway BW, Escuadra MD, Morgan AF, Saffery R, Krishnapillai V. The new
approaches (o whole genome analysis of bacteria. FEMS Microbiol Letl. 1992 Dec
15;79(1-3):101-105.

Holloway BW, Romling U, Tummler B. Genomic mapping Microbiology. 1994,

MNov;140 ( Pt 11):2907-2929. Review,

Hutchison JL, Wright DN. Prophylaxis of predisposed otitis externa. Ann Otol Rhinol
Laryngol. 1975 Jan-Feb;84 (1 P1 1):16-21.

Irving LO (1962), Clinical application of the bactericidal effect of acetic acid in

external otitis, Laryngoscope 72: 384-386.

Jaeggi NE, Schmidi-Lorenz W. Bacterial regrowth in drinking water. IV, Bacterial
flora in fresh and stagnant water in drinking water purification and in the drinking
water distribution system) Zentralbl Hyg Umweltmed. 1990 Sep;190(3):217-235.

Kersters K., Ludwig W., Vancanneyt M., De Vos P., Gillis M., Schieifer KH. (1996)

Recent changes in the classification of the pseudomonads: an overview. Systemalic

and Applied Microbiology 19: 465-477.

42



Kloos WE. Systematics and the natural history of staphylococci 1. Soc Appl Bacteriol
Symp Ser. 1990;19:255-375. Review,

Lai E, Birren BW, Clark SM, Simon MI, Hood L. Pulsed ficld gel electrophoresis.

Biotechniques. 1989, Jan;7(1):34-42. Review.

Laube S, Farrell AM. Bacterial skin infections in the elderly: diagnosis and treatment.

Drugs Aging. 2002;19(5):331-342. Review.

Liu PV (1974). Extracellular toxins of Pseudomonas aeruginosa. J Infect Dis. 1974

Nov;130 Suppl{0):594-99. Review.

Liu PV, Matsumoto H, Kusama H and Bergan T: International Antigenic Typing

System. Int. J. Syst. Bacteriol, 33:256-264, 1983.

Liu PV, Wang 5. Three new major somatic antigens of Pseudomonas aeruginosa.

I Clin Microbiol 1990 May;28(5).922-925.

Longshaw CM, Wright JD, Farreil AM, Holland KT. Kytococcus sedentarius, the
organism associated with pitted keratolysis, produces two keratin-degrading enzymes.

J Appl Microbiol 2002; 93(5):810-816.

McClelland M, Nelson M. Enhancement of the apparent cleavage specificities of
restriction endonucleases: applications to megabase mapping of chromosomes. Gene

Amplif Anal. 1987,5:257-282. Review,



Machan Z, Pitt TL, White W, Watson D, Taylor GW, Cole PJ, Wilson R.: Interaction
between Pseudomonas aeruginosa and Staphylococcus aureus: description of an
antistaphylococcal substance, J. Med. Microbiol. Vol 34 (1991) , 213-217.

Marples RR (1963) The effect of hydration on the bacierial flora of the skin.
In:Maibach HI, Hildick-Smith G (eds) Skin bacteria and their role in infection,

MecGraw-Hill Book Co., New York.p33.

Matar GM, Ramlawi F, Hijazi N, Khneisser I, Abdelnoor AM: Transcription levels of
Pseudomonas aeruginosa exotoxin A gene and severity of symploms in patients with

otitis externa. Curr Microbiol.2002 Nov;45(5):350-354.

Michel-Briand Y, Baysse C. The pyocins of Pseudomonas aeruginosa. Biochimie.

2002 May-Jun;84(5-6):499-510.

Molina DN, Colon M, Bermudez RH, Ramirez-Ronda CH. Unusual presentation of
Pseudomonas aeruginosa infections: a review. Bol Asoc Med P R. 1991. Apr

;83(4):160-163. Review.

Molver, OI. Otothinolaryngological Aspects of Diving. In: Bennet and Elliotts
Physiology and Medicine of Diving. 5 Edition. 2003, Eds. Alf O Brubakk and Tom
S Neuman. ISBN 0-7020-2571-2.



Muller-Premru M, Gubina M, Heterogeneity among infecting strains of Pseudomonas
seruginosa in diverse departmenits of a large Tunisian hospital. J Hosp Infect. 2001
Apr;47(4):325-7.

Noble WC, 1981. Microbiology of human skin. Lioyd ~Luk Medical Books, Lid.

London.

Morwegian Petroleum Directorate; Report from the Dive database - DSYS 1999,
Graphic Centre, NFD, 1999. Stavanger, Norway. ISBN 82-7257-608-2.

Pedersen K, Brindstrom L, Olsson AK (186). Do some lubing materials favour
attachment and growth of bacteria in drinking water systems? Vauen 42:1 1986,

Pirt TL. Epidemiological typing of Pseudomonas aeruginosa. Eur J Clin Microbiol

Infect Dis. 1988 Apr;7(2):238-247. Review.

Pirt TL. Cross infection of cystic fibrosis patients with Pseudomonas aeruginosa.

Thorax. 2002 Nov;57(11).921.

Price D, Ahearn DG. Incidence and persistence of Pseudomonas aeruginosa in

whirlpools.J Clin Microbiol. 1988 Sep;26(9):1650-1654.

Ratnam 8§, Hogan K, March SB, Butler RW. Whirlpool-associated folliculitis caused

by Pseudomonas aeruginosa: report of an outbreak and review. J Clin Microbiol.

1986 Mar; 23(3):655-659. Review.

45



Ratnaningsik E, Dharmsthiti 5, Krishnapillai V, Morgan A, Sinclair M, Holloway
BW. A combined physical and genetic map of Pseudomonas aeruginosa PAO. J Gen

Microbiol. 1990 Dec;136 ( Pt 12):2351-2357.

Reid TMS, Porter IA: An outbreak of otitis externa in compelitive swimmers due to P.

aeruginosa. J. Hyg , Camb. (1981), 86, 357.

Roland PS, Stroman DW. Microbiology of acute otitis externa. Laryngoscope. 2002

Jul;112(7 Pt 1):1166-1177.

Rhody C. Baclerial infections of the skin. Prim Care, 2000 Jun;27(2):459-473.

Review,

Rémling U, Grothues D, Bautsch W, Tummler B, A physical genome map of
Pseudomonas aeruginosa PAO.EMBO J, 1989 Dec 20;8(13):4081-4089,

Romling U, Wingender J, Muller H, Tummler B. A major Pseudomonas aeruginosa
clone common to patients and aquatic habitats. Appl Environ Microbiol. 1994
Jun;60(6):1734-1738.

Roth RR, James WD. Microbial ecology of the skin. Annu Rev Microbiol. 1988; 42:

44]1-464, Review.



Sentura BH, Liebmann FM (1956). Evaluation of faciors which may be of importance
in the production of external ear infections. J Invest Dermatol p291-317.

Sharma 8, Verma KK. Skin and sofi tissue infection. Indian J Pediatr. 2001 Jul;68

Suppl 3:546-50. Review.

Singh, Marcel and Kligman 1971: Experimental § aureus infections in humans.

J Invest dermatol 57:149-163.

Skogstad M, Thorsen E, Haldorsen T, Kjuus H..Lung function over six years among

professional divers. Occup Environ Med. 2002 Sep;59(9):629-633,

Solomon SL. Host factors in whirlpool-associated Pseudomonas aeruginosa skin

disease. Infect Control. 1985 Oct;6(10):402-406.

Speert DP. Molecular epidemiology of Pseudomonas aeruginosa. Front Biosci. 2002

Oct 1;7:354-361. Review.

Spencer DH, Kas A, Smith EE, Raymond CK, Sims EH, Hastings M, Burns JL, Kaul
R, Olson MV. Whole-genome sequence. J Bacteriol. 2003 Feb;185(4):1316-1325.

Steuer MK, Beuth J, Hofstadrer F, Probster L, Ko HL, Pulverer G, Strutz J. Blood

group phenotype delermines lectin-mediated adhesion of Pseudomonas aeruginosa to

human outer ear canal epithelium. Zentralbl Bakteriol. 1995 Apr;282(3):287-295.

&7



Sundstrdm J, Agrup C, Kronvall G, Wretlind B. Pseudomonas aeruginosa adherence
to external auditory canal epithelium. Arch Otolaryngol Head Neck Surg. 1997

Dec;123(12):1287-1292.

Tassios PT, Gennimata V, Maniatis AN, Fock C, Legakis NJ. Emergence of multidrug
resistance in ubiquitous and dominant Pseudomonas aeruginosa serogroup O:11. The

Greek Pseudomonas Acruginosa Study Group.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing DH,
Swaminathan B. Interpreting chromosomal DNA restriction pattemns produced by
pulsed-field gel electrophoresis; criteria for bacterial strain typing. J Clin Microbiol.

1995 Sep;33(9):2233-2239. Review.

Thalman ED. 1974, A prophylactic program for the prevention of otitis externa in
saturation divers. U.S. Navy Experimental Diving Unit, Washington Navy Yard,

Washington D.C. (Research report 10-74).

Thiele D. The technique of polymerase chain reaction—a new diagnostic tool in
microbiology and other scientific fields (review).Zentralbl Bakleriol, 1990

Sep;273(4):431-454.

Thorsen E. 2003. Long term effects of Diving on the Lung. In Bennet and Elliott’s
Physiology and Medicine of Diving. Eds. Brubakk AO and Neuman TS. pp 651 -
658. ISBN 0-7020-2571-2.



Todnem K, Nyland H, Skeidsvoll H, Svikus R, Rinck P, Kambestad BK, Riise T, Aarli
JA. Neurological long term consequences of deep diving. Br J Ind Med. 1991

Apr;48(4):258-266.

Todnem K, Vaernes R :Acute and chronic effects of deep diving on the nervous

System. Tidsskr Nor Laegeforen. 1993 Jan 10;113(1):36-39. Norwegian.

Trent JT, Federman D, Kirsner RS, Common bacterial skin infections. Ostomy

Wound Manage. 2001 Aug;47(8):30-34. Review.

Walia 5, Madhavan T, Williamson T, Kaiser A, Tewari R, Protein patterns, serotyping
and plasmid DNA profiles in the epidemiologic fingerprinting of Pseudomonas
aeruginosa. Eur I Clin Microbio] Infect Dis. 1988 Apr;7(2):248-255.

Walshe P, Rowley H, Timon C. A worrying development in the microbiology of otitis
externa. Clin Otolaryngol. 2001 Jun;26(3):218-220.

Warner RR, Stone KJ, Boissy YL. Hydration disrupts human stralum comeum

ultrastructure. Invest Dermatol. 2003 Feb;120(2):275-284,

White AJ, Gomperiz S, Stockley RA. Chronic obstructive pulmonary disease. 6: The

aetiology of exacerbations of chronic obstructive pulmonary disease. Thorax. 2003

Jan;58(1):73-80. Review.

49



Wohlrab J, Rokrbach D, Marsch WC. Keratolysis sulcata (pitted keratolysis): clinical
sympioms with different histological correlates. Br J Dermatol 2000; ec;143(6):1348-

1349,

Wretlind B, Heden L, Sjoberg L, Wadstrom T. Produoction of enzymes and toxins by
hospital strains of Psendomonas aeruginosa in relation to serotype and phage-typing
pattern. ] Med Microbiol. 1973 Feb;6(1):91-100.

Zaias N, Taplin D, Rebell G. Pitied keratolysis.Arch Dermatol. 1965 Aug; 92(2):151-

154. Review.

Zichichi L, Asta G, Noio G. Pseudomonas acruginosa folliculitis after shower/bath

exposure.Int ] Dermatol. 2000 Apr;39(4):270-273.

@gaard AR, Bjoro K, Bukholm G, Berdal BP, Correlation between adhesion of
Pseudomonas aeruginosa bacteria to cell surfaces and the presence of some factors
related to virulence. Acta Pathol Microbiol Immunol Scand [B]. 1985 Jun;93(3):211-

216.



Paper's I -V are not included due to copyright






Kytococcus sedentarius — a possible contributor to “Diver’s Hand’

Catrine Ahlén, Lise H. Mandal, Ole Jan Iversen, Harald Aarset

Introduction

Occupational saturation diving is a widely used technique for installation and
maintenance of offshore sub-sea petroleum production systems in the North Sea. T
occupational living and working environment is biologically unique {1,2) with
pressurised atmosphere of helium and oxygen and increased temperature and humi
levels. One major consequence of this exposure is increased frequency of various s
disorders. The main skin problems are otitis externa and folliculitis, caused by
Pseudomonas aeruginosa (1,2,3,4,5). Another frequent skin disorder takes the forn
extensive skin peeling of the upper layers of the skin of the palms and occasionally
soles of the feet, and is attributed “Diver’s hand”, DH (6). The aetiology of DH is 1

known.

Regarding the skin infections caused by P. aeruginosa, systematic environmental
monitoring has shown that the saturation diving environment harbour a few freque
infectious strains, some of which for more than ten years. Recent investigations of
biological contamination of the gas used for pressurising chambers and breathing g
work have shown gram-positive contamination of the gas supply (7). A common
contaminant seen in these investigations is Kytococcus sedentarius (former Microc
sedentarius (8), which very recently has been described as a potential ctiological a
“pitted keratolysis” (9), a skin peeling disorder known from the clinics. The hypott
related to two strong keratin-degrading enzymes in this bacterium.

The plausible role for K. sedentarius in DH has been evaluated in a retrospective p

study on DH materials from our biobank (2}.



Materials and Methods

The microbiological material used in this pilot study is obtained from palms and
divers in the period between 1988 and 1991, collected in our bio-bank. All dive:
included in this pilot study have experienced DH at one or several occasions, alt

the statuses regarding DH development at the time for these samplings are not v

Identification of X sedentarius is based on bio-typing and phenotyping includin
biochemical typing (API systems), pigmentation and methicillin-resistance. The
K. sedentarius strain used by Longshaw et al (9) was kindly donated by the autt

used as a reference in all typing.

Results

Kytococcus sedentarius was identified from palms and soles of four of the elevt
included, exemplified in Figure 1, showing the microbiclogical status in diver r
samplings taken at the end of decompression show dominance of K. sedentariu
palm of the left hand and sparse presence in both soles. The other sampling spo
ears and axillae) showed mixed cultures of Micrococcus luteus and Micrococct.
which together with coagulase-negative staphylococci, CNS, were prominent ir

in the rest of the investigated samplings.



Figure I: Skin microbial flora on palms, soles, behind ears and in axilla in a saturat
diver during decompression. Kytococcus sedentarius (marked with white arrow) is

dominant on left palm and is sparse on soles.

Discussion

The presence and even dominance of K. sedentarius on some of the palms investig:
new information, as was the pronounced presence in the diving gas quads. The bac
has not been sub-typed earlier in our studies due to the universal presence in norma
flora. Thus, the extensiveness of this bacterium in occupational saturation systems 1
known. Retrospective investigations of a limited number of occupational chamber
atmosphere samplings show presence of X. sedentarius in all of the analysed sampl
{day 4, day 6, day 16, day 18 and final decompression on day 21) i.e. throughout th
whole saturation period.

Some of the K. sedentarius strains in our pilot study show all the phenotypic featur:
the reference strain from the referred publication (9) while other seem to differ. Thi
could imply that strong keratin-degrading strains as described by Longshaw may h:

been present in the chamber gas atmosphere.



The outcome from the strong keratin-degrading strains of K. sedentarius in “Pitted
keratolysis” seems not to be of full relevance for DH. Nevertheless, the observation
be worth further investigations of possible relations between the scaling phenomenc

specific strains of K. sedentarius, including both phenotyping and genotyping.

In conclusion, the recent publication from Longshaw et al (9) and the new observat
of the strong keratin-degrading K. sedentarius both in gas supply, diving chamber g
atmosphere and on palms and soles of divers suffering from DH may indicate a pos
contribution to the saturation-related skin disorder DH; i.e. another skin infection

problem in this occupation.
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