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SUMMARY

The coagulase-negative staphylococci are the most frequent cause of sepsis associated with
indwelling intravascular catheters. Current microbiological investigations to support the
diagnosis of catheter-related sepsis (CRS) include the culture of blood and catheter tips, however
positive results may reflect specimen contamination, or colonisation of the catheter rather than
true sepsis. Previous serological approaches to assist in the diagnosis of CRS based on cellular
staphylococcal antigens have been of limited value. In this current study, the serodiagnostic
potential of an exocellular antigen produced by 7 strains of coagulase-negative staphylococci
cultured in brain heart infusion broth was investigated. Antigenic material isolated by gel
permeation from liquid culture was characterised by immunological techniques and chemical
analysis. Characterisation of the exocellular antigen revealed a novel glycerophosphoglycolipid,
termed lipid S, which shared antigenic determinants with lipoteichoic acid, but differed by
comprising a glycerophosphate chain length of only 6 units. In addition, lipid S was
immunologically distinct from diphosphatidyl glycerol, a constituent cell membrane
phospholipid. An indirect enzyme linked immunosorbent assay (ELISA) based on lipid S was
subsequently developed and used to determine serum antibody levels (IgM and IgG) in 67
patients with CRS due to staphylococci, and 67 patients with a central venous catheter (CVC) in
situ who exhibited no evidence of sepsis. The sensitivity and specificity of the lipid S IgG
ELISA was 75% and 90% respectively whilst the IgM assay had sensitivity and specificity of
52% and 85%. The addition of GullSORB 'reagent to the ELISA procedure to remove
competing serum IgG and rheumatoid factor did not significantly improve the performance of
the IgM assay. The serological response in serial serum samples of 13 patients with CRS due to
staphylococci was investigated. Elevated levels of antibody were detected at an early stage of
infection, prior to the isolation of microorganisms by standard culture methods, and before the
clinical presentation of sepsis in 3 patients.

The lipid S ELISA was later optimised and a rapid 4-hour assay developed for the serodiagnosis
of CRS. Serum IgG levels were determined in 40 patients with CRS due to staphylococci and 40
patients with a CVC in situ who exhibited no evidence of sepsis. The sensitivity and specificity
of the rapid IgG assay was 70% and 100% respectively. Elevated serum antibody levels in
patients with endocarditis, prosthetic joint infection and pyogenic spondylodiscitis due to Gram-
positive cocci were also detected with the lipid S ELISA suggesting that the assay may facilitate
the diagnosis of these infections. Unexpected increased levels of anti-lipid S IgG in 31% of
control patients with sciatica suggested a possible microbial aetiology of this condition. Further
investigation of some of these patients by culture of microdiscectomy tissue removed at
operation, revealed the presence of low-virulent microorganisms in 37% of patients of which
Propionibacterium acnes accounted for 85% of the positive culture isolates. The results
suggested a previously unrecognised association between P. acnes and sciatica, which may have
implications for the future management of the condition.

Key words: Lipid S, coagulase-negative staphylococci, enzyme linked immunosorbent assay,
catheter-related sepsis, pulsed field gel electrophoresis.
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Chapter 1 Introduction

1.1 The Diagnosis of central venous catheter (CVC) related sepsis and its associated

problems

Intravascular central venous catheters (CVC) are essential for the successful treatment of
patients with a chronic or critical illness. The indications for the use of a CVC include drug
administration, monitoring central venous pressure and the infusion of hypertonic fluids and
blood products. They are widely used throughout the world, and it estimated that over two

million CVC are used annually in the United Kingdom (Elliott, 1993).

The CVC is placed within a vein with its distal end located within the superior or inferior vena
cava (figure 1.1). They are usually 20-30cm in length (figure 1.0), predominantly
manufactured from polyurethane and can be either single or multilumen (Elliott et al., 1997).
It has been well documented that sepsis associated with intravascular catheters and other
medical devices is a significant cause of morbidity and mortality (Elliott, 1988; Elliott and
Faroqui, 1992; Cree et al.,1995). The coagulase- negative staphylococci (CNS), in particular
Staphylococcus epidermidis cause more device-related infections than any other
microorganism. Indeed, this group of microorganisms is also the major cause of infections of
not only intravascular catheters but also orthopaedic devices, continuous ambulatory
peritoneal dialysis (CAPD) catheters, cerebrospinal fluid shunts and prosthetic valves

(Christenson et al., 1994).

The diagnosis of catheter related sepsis (CRS) is however difficult, both from the clinical and
laboratory viewpoint (Elliott, 1988). At present, the most commonly used technique for
laboratory diagnosis is that described by Maki er al. (1977), whereby a short length of the
distal portion of an explanted catheter (approximately 2-3 cm) is rolled back and forth at least

four times across the surface of a nutrient agar plate. After appropriate incubation, usually up
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to 48 h, colonies are then counted and numbers of greater than 15 per agar plate are
considered indicative of catheter related sepsis. In comparison, a clinical diagnosis is made by
interpreting the isolates from the catheter in association with any from corresponding blood
cultures and also taking into account the clinical presentation of the patient including the
presence of erythema, oedema and exudate at the catheter insertion site, low grade pyrexia

and no other obvious focus of infection.

The problems associated with the method of Maki et al. (1977) in the diagnosis of CRS are
many. The catheter may become contaminated with the patient’s own skin flora upon
removal and subsequently any isolated organisms may not be representative of the pathogen,
and the bacterial colony count on the agar plate may be falsely high. Also, the roll plate
method only samples the external surface and not the internal lumen of the catheter.
Microbial colonisation of plastic devices can occur both externally and internally
(Cheesbrough et al., 1985). Internal culture of a catheter lumen is however also associated
with inaccuracies. The flushing of the lumen with a known volume of broth and subsequent
culture onto solid agar does not allow for accurate quantitation of the internal colonising
microflora, although in one study, internal culture by flushing the catheter proved superior to
external culture giving a better predictive value of a positive isolate being associated with

infection (Kristinsson ef al., 1989).

With regard to blood cultures, they should be obtained via the catheter and also from a
separate peripheral venepuncture site (Elliott and Faroqui, 1992; Kloos and Bannerman,
1994). When identical organisms are isolated from both of these sources, it is strongly
indicative of CRS, however, it is not definitive and the clinical interpretation still remains
unclear as the isolates may indicate another septic focus not related to the catheter.
Quantitative blood cultures prove useful in the diagnosis of CRS as a finding of a 5 to 10 fold
increase in the concentration of microorganisms drawn through the catheter as compared to
that via a peripheral venepuncture site is confirmation of a CVC- related bacteraemia (Elliott,
1997).
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Figure 1.0
A triple lumen CVC (length-20-30 cm)

Luer hub connector ~ Side arms  Junction boot and suture points

Infusion exit ports Catheter tubing and length markings
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Figure 1.1

A triple lumen CVC inserted into the jugular vein of a patient

prior to cardiac surgery
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Unfortunately, routine microbiology laboratories at present do not generally identify their
isolates of CNS further than to the group level based on their coagulase reaction. As the full
identification of the microorganisms is the factor in determining whether isolates from
catheters, blood cultures and insertion sites are the same organism, further typing of the CNS
is necessary incorporating methods such as biotyping and where necessary, genotyping.

However, such procedures are not routinely performed in medical microbiology laboratories.

It is likely that the use of medical devices will continue to increase, hence innovative
laboratory techniques are required for rapid and accurate diagnosis of sepsis due to implanted
devices. In this study, the serological response to staphylococcal antigens using a novel
enzyme linked immunosorbent assay (ELISA) was investigated as a potential marker of
coagulase negative staphylococcal CRS and deep seated infection. Clinical isolates were also
characterised using conventional methods and by a system of pulsed field gel electrophoresis

(PFGE) whereby an analysis of the chromosomal DNA restriction patterns was made.
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1.2 Staphylococci — past and present

The name Staphylococcus was first introduced in 1882 by Sir William Ogston, a Scottish
surgeon who described "cluster forming cocci" which he observed to be causing pyogenic
abscesses (Rupp and Archer, 1994). The first attempt at classification of staphylococci was
made shortly after by Rosenbach in 1884 when pigment production was used to classify
staphylococci into two groups; virulent, golden Staphylococcus aureus and avirulent, white

Staphylococcus albus.

A century later 20 species had been identified to belong within the genus Staphylococcus, 12
of which were associated with humans and the remaining species with animals (Koneman et
al., 1988). However, advances in the identification of new staphylococcus species including
methods such as colonial morphology, enzyme activity and sugar fermentation tests, and also
commercial rapid identification systems, for example, APl STAPH IDENT, ID 32 STAPH
(bioMérieux, Marcy-1’Etoile, France) has resulted in an increase in the number of recognised

species within the genus.

There are now 31 recognised species of CNS, about half of which are indigenous to humans
(Kloos and Bannerman , 1994). The species related to humans include S. aureus,

S. epidermidis, S. haemolyticus, S. saprophyticus, S. cohnii, S. xylosus, S. capitis,

S. warneri, S. hominis, S. simulans, S. saccharolyticus, S. auricularis, S. caprae,

S. lugdunensis and S. schleiferi. As the identification of CNS down to species level becomes

more standardised, the number of reports due to these species will no doubt increase.
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1.2.1 The distribution of the staphylococci

The skin serves as a diverse environment and several species of staphylococci have adapted to
colonise the many microenvironments present in this location (Kleeman et al, 1993). The
CNS in particular constitute a major component of the normal skin flora and mucus
membranes and their presence is saprophytic. If however the cutaneous barrier is broken, for
example, on insertion of a synthetic device such as a catheter or prosthesis, then the
microorganisms may gain entry into the host and act as pathogens. The numbers of
staphylococci colonising different areas of the skin range from 10 to 106 CFU,*’cm2 of surface
(Kloos and Bannerman, 1994). Moist areas, for example, the anterior nares, axillae and the
toe webs harbour larger concentrations of staphylococci than drier habitats. It appears that
certain species of staphylococci demonstrate a preference for specific areas of the body.

S. epidermidis for example, is widely distributed over the body (Archer, 1990). Species such
as S. hominis and S. haemolyticus are associated primarily in areas where apocrine glands are
found such as the axillae. In comparison, S. capitis subsp. capitis is present in extremely
large numbers on the scalps of adolescents and to a slightly lesser degree on the face, ears,

eyebrows and forehead.

In the recent report by Kleeman et al. (1993), where the distribution of CNS was studied, it
was found that S. epidermidis accounted for the largest number of clinical isolates over a
wide range of sources (65%), followed by S. haemolyticus (13%) and S. hominis (7%).

S. warneri and S. lugdunensis, which are widely distributed over the body, accounted for 4%
and 3% respectively. Other species isolated in the study but to a lesser degree included

S. auricularis, S. capitis, S. cohnii and S. simulans. S. saprophyticus has an affinity for
urogenital cells and is primarily isolated from the urine, particularly of sexually active women
aged 18-30 years. The only coagulase - positive species within the group, S. aureus, is

isolated frequently from the anterior nares in adults but is more widely distributed over the
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whole body in preadolescent children. Not surprisingly, the staphylococci as a group are the

most frequently isolated organisms in the hospital microbiology laboratory.

1.2.2 Incidence of disease due to the CNS

The CNS are recognised as causing a wide range of hospital acquired infections with
increasing mortality and morbidity. Although once thought to be clinically insignificant
contaminants in a range of clinical samples, they are now known to be increasingly important
opportunistic pathogens associated with prosthetic materials ranging from intravenous
catheters to hip prostheses (Elliott and Faroqui, 1992; Kleeman er al., 1993; Kloos and

Bannerman, 1994; Cree et al., 1995; Lambert ef al., 1996).

The reported incidence of sepsis associated with intravascular catheters is variable, ranging
from 0 - 15% (Elliott, 1997). This large range is to an extent reflective of certain problematic
areas such as the lack of a clear definition for catheter related sepsis, difficulties in making the
chnical diagnosis, and inconclusive laboratory results. From 1980 to 1989 the National
Nosocomial Infections Study reported increases in nosocomial bacteraemia due to CNS, in
particular S. epidermidis, ranging from 70% to 279% depending upon the type of hospital
(Rupp and Archer, 1994).

Between 1989 and 1991 alone, a total of 3,647 cases of bacteraemias due to CNS in
association with intravascular lines were reported to the PHLS Communicable Disease
Surveillance Centre (CDSC) in England and Wales (Elliott, 1993). This represented a total of
36% of all cases of catheter related bacteraemia during the period. Other cases were caused

by microorganisms such as S. aureus, Candida sp., Gram-negative bacilli and diphtheroids.
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Interestingly, the number of reported cases of line associated bacteraemias between 1989 and
1991 rose by 39%. Similarly, between 1991 and 1994, the number of cases of line associated
bacteraemias rose from 3,984 to 5,290 (Elliott, 1997), indicating a continuing rise in the
number of reported cases. These figures however are probably an underestimation of the true
incidence due to the lack of clear definitions as mentioned previously and the difficulty in

making a definitive diagnosis.

Apart from sepsis relating to indwelling devices, CNS are also documented as being the third
most frequent cause of wound infections and also responsible for a small percentage of
nosocomial urinary tract infections and pneumonia’s (Rupp and Archer, 1994). In addition,
infection of the heart valves (native valve endocarditis (NVE)) due to CNS has also become
more common (Etienne and Eykyn, 1990). A total of 35 cases of NVE due to CNS in two
hospitals were documented between the period of 1976 to 1989. This accounted for 14.8%
of the total number of cases of NVE seen. S. lugdunensis, a species found on human skin and
first described in 1988, is now being increasingly documented as causing a virulent form of
infective endocarditis, particularly in patients with a preexisting cardiac abnormality

(Vandenesch et al., 1993).

1.3 The clinical spectrum of disease associated with the CNS

Biomaterials such as synthetic polymers, ceramics and metals are frequently used for
therapeutic purposes in the form of prosthesis and catheter devices, and their application has
undoubtedly led to advances in patient care (Jansen and Peters, 1993). However, their usage
is also accompanied by various complications such as infection and, with more than one

million prosthetic implants per year being used world wide, a figure that is exceeded by
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catheters, the problem has both medical and economical implications. The clinical spectrum

of disease associated with the CNS is illustrated in table 1.0

Table 1.0
The clinical spectrum of disease associated with coagulase

negative staphylococci

Infections of indwelling foreign devices - Intravenous catheters

Prosthetic joints

- Prosthetic cardiac valves

- Haemodialysis shunts

- Peritoneal dialysis catheters

- Cerebrospinal fluid shunts

- Pacemaker wires

- Breast implants

- Vascular grafts

- Orthopaedic metal plates / pins

- Intrauterine devices

Haematogenous - Bacteraemia / Septicaemia
- Endocarditis
Osteomyelitis - Sternal wound

- Haematogenous spread

Urinary tract infections - Catheter related

- Community acquired
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1.3.1 Intravascular catheter related infections

Intravascular catheters are now imperative in the care and management of critically ill
patients. In the United States alone over 150 million intravascular catheters, five million of
which are central catheters, are used yearly (Elliott, 1997). In comparison, in the United
Kingdom, approximately two million central line catheters are used per annum. The
emergence of the CNS as the primary pathogen causing catheter related infections has been
attributed to the increased use of prosthetic and indwelling devices, the higher demand for
parenteral nutrition and the improved survival of immunocompromised patients (Nouwen ef
al., 1998). Infections associated with catheters are divided into two major groups; localised
and systemic. Localised infection is characterised by the presence of oedema, erythema,
exudate and thrombophlebitis (figure 1.2). If a tunnelled device is used a subcutaneous
infection may also occur. Systemic infection occurs usually as a consequence of
microorganisms colonising the distal tip of the catheter and is characterised by low grade
pyrexia. The commonest organisms associated with intravascular catheter related infections

are the CNS, in particular S. epidermidis (Kloos and Bannerman, 1994).

Figure 1.2 Localised infection characterised by oedema, erythema and exudate
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The microorganisms gain access to intravenous catheters via several routes (fig 1.3):

extraluminal, through migration down the external surface of the catheter with the
microorganisms originating from the skin of the patient or medical personnel
(Elliott, 1997).

intraluminal, through contaminated catheter hubs (Linares er al, 1985),
contaminated infusates (Elliott, 1997), and luer connectors (Tebbs er al., 1996)
and subsequent migration to the catheter tip through the lumen.

haematogenous seeding of the catheter tip from a distant focus (Rupp and Archer,
1994).

impaction of microorganisms onto the catheter tip at the time of insertion (Elliott,
1995).

Figure 1.3

Sources of microbial access

Aston University

lustration removed for copyright restrictions

(Elliott, 1993, reproduced with permission)

44



1.3.2 Bacteraemia and septicaemia

Over the past few years, Gram- positive cocci have emerged as the most prevalent cause of
nosocomial infections (Verhoef and Mattsson, 1995). This is due mainly to the increased
incidence of bacteraemia caused by CNS, which is a serious medical condition associated with
significant morbidity and mortality. Approximately 12 -22% of these patients are reported to
suffer from septic shock (Rupp and Archer, 1994). CNS bacteraemia is often associated with
indwelling foreign devices and about 75% of patients with bacteraemia are reported to have a
device in situ, predominantly intravascular catheters. S. epidermidis is also recognised as an
important nosocomial pathogen in immunocompromised patients and chronic bacteraemia due
to this organism in patients following bone marrow transplantation has been reported (Lina er

al., 1995).

Due to the ubiquitous nature of S. epidermidis and its pathogenic potential, differentiation
between significant blood culture isolates and those representing contamination must be
made, hence strain characterisation has become increasingly important. Pulsed field gel
electrophoresis (PFGE), a recently developed molecular fingerprinting technique provides
useful information for typing by production of stable and discriminating chromosomal
restriction patterns (Lina ef al., 1992; Kaufmann and Pitt, 1994; Lina et al., 1995; Tenover et
al., 1995). The previous use of genotyping studies has indicated particular virulent, persistent
strains of CNS isolated from patients with septicaemia as well as highlighting potential
sources of infection. For example, one study showed that 30% of CNS from blood cultures
taken from a heart-lung machine during cardiac surgery belonged to a single genotype (Van
Belkum ef al., 1995). Similarly, Nouwen ef al. (1998) demonstrated that two clones of

S. epidermidis were involved in the colonisation and subsequent infection in neutropenic
haemato-oncology patients from an environment with a high incidence of catheter associated

infection. These 2 clones were responsible for more than 70% of the infections and appeared
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to be confined to the haematology department, as their PFGE macrorestriction patterns were

totally different from those strains of CNS outside of the department.

1.3.3 Endocarditis

The CNS are responsible for only 1-3% of cases of native valve endocarditis (NVE) (Rupp
and Archer, 1994). Native valve infections are generally community acquired and many of
the patients will have a predisposing abnormality, which leads to infection, such as previously
damaged valves or abnormal cardiac anatomy. Unlike infections associated with medical
devices, more than half of NVE cases are due to species other than S. epidermidis, including
species such as S. warneri (Wood et al.,, 1989). Also, several cases of a virulent form of
endocarditis due to S. lugdunensis, a recently described CNS, have been documented

(Vandenesch et al., 1993).

Specific species of the CNS have been reported to be associated with prosthetic heart valves
(Baddour e al., 1990). One report documents a case of NVE due to S. epidermidis in which
two colonial phenotypes were detected on primary isolation (Deighton ef al., 1992). It was
proposed in this study that multiple phenotypes of CNS may function synergistically in
infections to cause disease. The application of restriction endonuclease analysis of plasmid
DNA and PFGE of whole cell DNA proved that the two variants of S. epidermidis were

identical or closely related and may have been derived from the same parent.

The CNS, in particular S. epidermidis are the most common infecting microorganisms of
prosthetic heart valve endocarditis (PVE) (Takeda ef al., 1991; Rupp and Archer, 1994)
accounting for approximately 50% of cases. The majority of patients with PVE due to CNS
present with complications including prosthetic heart valve dysfunction and fever despite

appropriate therapy.
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The diagnosis of PVE is also difficult. False positive blood cultures due to contaminating
strains of CNS and also false negative results due to intermittent shedding of organisms from
the infected heart valve, and prior use of antibiotics are common diagnostic problems. Clonal
typing of multiple isolates from several blood cultures would assist in determining their
significance. Common methods employed such as the use of antibiograms and species
determination often results in poor discrimination between infecting and contaminating
strains. However, the analysis of chromosomal DNA macrorestriction patterns through
highly discriminative molecular typing methods, such as PFGE should be conclusive in

determining the clonal origin of the isolates.

1.3.4 Peritonitis

Infection remains the most common complication of peritoneal dialysis. The CNS account
for 17 to 53% episodes of continuous ambulatory peritoneal dialysis (CAPD) associated
peritonitis (Rupp and Archer, 1994). S. epidermidis has been the most frequently isolated
species of the CNS accounting for 69-84% of all isolates (Freeman and Falkiner, 1991).

Clinically, the diagnosis of peritonitis is based on a raised dialysate white cell count

(>100 / mm3) and symptoms including abdominal pain, pyrexia, nausea and vomiting.

The pathogenesis of CAPD infections is similar to that of infections associated with
intravenous catheters, with microorganisms originating from the patients endogenous flora
around the pericatheter skin gaining access to the peritoneum mainly through intraluminal or

periluminal routes (Eisenberg ef al., 1987).

Epidemiological studies through typing of strains of CNS provide useful information by
distinguishing strains associated with relapse from reinfection in CAPD patients and also by

identifying sources of infection and areas of potential hazard (Freeman and Falkiner, 1991).
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Due to the poor levels of discrimination achieved through conventional methods of typing
alone, the use of combined typing systems, including molecular biological methods, would
provide improved strain discrimination. The typing of strains also provides a useful means of
evaluating clinical therapy. Hospital isolates of CNS are often resistant to methicillin, hence
intraperitoneal vancomycin forms part of the recommended treatment of patients on CAPD.
However, decreased susceptibility of S. epidermidis to glycopeptides has been documented in
a case of CAPD peritonitis and also in neutropaenic patients with bacteraemia (Sanyal ef al.,

1993), emphasising the need for a discriminative typing system.

1.3.5 Prosthetic joint infection

S. aureus and the CNS are the most common cause of prosthetic joint infection

(Jansen et al., 1989). It is estimated that approximately 185,000 cases of prosthetic joint
implantations are performed in the United States each year (Jansen ef al., 1989). The
infection rate associated with the prostheses is about 1-2% with the CNS accounting for up to
40% of the cases (Rupp and Archer, 1994). S. epidermidis is the major infecting organism of

the group accounting for 50-80% of the isolates.

Early, accurate diagnosis is a major clinical problem in prosthetic infection. It is important to
distinguish between septic and aseptic loosening of a prosthesis as the treatment of the two
conditions differs. One recent report (Lambert ef al., 1996) suggests that an ELISA system
based on non protein exocellular antigens of S. epidermidis may be used to detect elevated
serum levels of IgG in patients with prosthetic joint infection and act as a marker of infection.
Although limitations of the assay have been documented, the system potentially provides a
rapid, non invasive method of detecting infection hence allowing prompt antimicrobial

therapy. The system also provides a means of differentiating mechanical loosening from
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infection. This thesis will investigate the potential of the ELISA for the diagnosis of deep

seated Gram-positive sepsis.

1.3.6 Spondylodiscitis

Pyogenic spondylodiscitis is a rare, but severe complication of lumbar discectomy with the
incidence varying between 0.1-3.0% (Tronnier et al., 1992). The clinical symptoms include
muscle cramps, severe spinal pain combined with mild symptoms of sciatica, and a
temperature ranging from 37.3° C to above 39° C (Lindholm and Pylkkénen, 1982; El-Gindi
et al., 1976). The most common organisms associated with pyogenic spondylodiscitis are

S. aureus and S. epidermidis, however organisms including S. saprophyticus, S. capitis, S.
warneri and several species of streptococcus have been isolated from the intervertebral disc
space (Tronnier et al., 1992). In addition to post-operative infection, microorganisms may
gain access to the intervertebral disc space through haematogenous spread in patients with
predisposing infection at distant sites including intravenous cannulae, respiratory tract and

genito-urinary tract.

1.3.7 Other infections

Aside from the major groups of infection involving CVC and prostheses, the CNS are also
well documented aetiological agents of other types of disease. Infections of CSF shunts
occur in approximately 5-12% of patients with the CNS accounting for about 40-60% of the
cases. S. saprophyticus and S. epidermidis are common causes of disease of the urinary tract
with S. epidermidis being responsible for cases of multiresistant nosocomial UTI occurring in
the elderly catheterised patients. The CNS also account for some cases of post operative
surgical wound infections, for example, following cardiac and ophthalmologic surgery.

Finally, CNS have been reported to cause disease in the absence of prosthetic devices
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including toxic shock syndrome, otitis media and septic arthritis (Kloos and Bannerman,
1994), whilst more recently, the microorganisms have been associated with cerebral palsy in

neonates (Mittendorf ef al., 1999).

1.4 Pathogenesis

The CNS are a major cause of foreign body infections and it is well documented that the
colonisation of these devices both in vitro and in vivo occurs through a series of sequential
steps. An understanding of the mechanisms of microbial adherence and pathogenesis may
allow for preventative measures to be initiated. There are three stages in the colonisation
process:

e exposure of the device to bacteria and attachment

e biofilm formation

e slime production

e phase variation / phenotypic modulation (Christensen ef al., 1994).

1.4.1 Exposure and attachment

When a medical device is exposed to bacteria, the actual number of organisms that adhere is
dependent upon a number of biological factors and physiochemical interactive forces between
the device and the microbe. These include passive forces such as the movement of fluids over
the surface of the device and gravity, and also non specific forces including van der Waals
forces, surface tension, electrostatic forces and hydrophobic bonding. Conditioning of the
prosthetic device also occurs in vivo whereby its surface is coated with host derived serum
proteins and platelets forming a film which can then act as a target for microbial binding. The
ability of bacteria to adhere to a device is also influenced by its surface morphology (Franson

et al., 1985; Cheesbrough er al.,1985; Tebbs ef al., 1994).
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Surface defects such as scratches, cracks and fissures clearly aid in the ability of bacteria to
adhere and multiply. In the early stages of microbial colonisation, hydrophobic bonds are
recognised as the most significant forces, with adhesion of micoorganisms to hydrophobic

polymers such as silicone being enhanced (Tebbs et al., 1994).

1.4.2 Biofilm formation

The next stage in colonisation is the further formation of the biofilm (Costerton ef al., 1999;
Costerton ef al., 1994). The bacterial biofilm theory describes bacterial populations in natural
and pathogenic ecological systems in terms of a “planktonic’ population of bacteria interacting
with a more important matrix enclosed ‘sessile’ population associated with or adherent to a
surface. If the microorganism and the opposing surface have opposite charges, the bacterial
cell may be attracted by electrostatic and van der Waals’ forces and be reversibly held
(Allison, 1993). The following stage of the biofilm development is the irreversible adhesion
of the organisms through targeted binding. Targeted binding of microorganisms such as S.
aureus is well recognised using surface adsorbed fibronectin, fibrinogen and fibrin to adhere
to the surface of catheters. The CNS however appear to bind less readily to fibronectin but
studies have shown that S. epidermidis does bind to fibrin-platelet clots through cell wall
lipoteichoic acid and also platelets deposited on the surface of hydrophobic plastic
(Christensen ef al., 1994). It has also been suggested that proteinaceous fimbrial or pili like
structures are used by S. epidermidis and S. saprophyticus in the attachment process
(Christensen ef al., 1994). Specific adhesion of S. epidermidis to silastic catheter surfaces by
a capsular polysaccharide adhesin (PS/A) has been documented and provides a description of
an adhesin for the CNS (Kloos and Bannerman, 1994; Christensen ef al., 1994). PS/A is a
polymer of galactose and arabinose with a molecular weight of >50,000 and appears to be

important in the initial stages of colonisation.
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1.4.3 Slime production

The production of exocellular slime substance (ESS) or glycocalyx by the staphylococci is
involved in the later stages of colonisation. The production of ESS is dependent upon the
environment in which the organism is grown and is influenced by fluctuations in levels of
oxygen (Barker et al., 1990) and carbon dioxide (Hussain ef al., 1992). There is considerable
debate about the nature of slime (Christensen et al., 1994). A number of different polymers
have been isolated from slime producing strains, including capsular polysaccharide/adhesin
(Tojo et al., 1988), slime associated antigen (Christensen ef al., 1990), a polysaccharide
intercellular adhesin (Mack et al., 1994) and teichoic acid (Hussain ef al., 1992). The
function of ESS is to promote the colonisation of medical devices by binding bacterial cells to
each other with the subsequent formation of a biofilm. ESS is also documented to interfere
with host defence mechanisms (Kloos and Bannerman, 1994; Gray ef al, 1984). The
inhibition of T-lymphocyte proliferation and interference of immunoglobulin production are
two such mechanisms. ESS also appears to impede phagocytosis of the microorganisms and
may contribute to antimicrobial resistance by a direct blocking of the penetration of

antibiotics.

1.4.4 Phenotypic modulation

The final stage of surface colonisation involves the mechanism of phenotypic modulation
whereby the production of ESS is switched on and off by phase variation and changes in
environmental conditions. Non adherent progeny within the biofilm layer are released
through the depletion of the environmental conditions necessary for slime production or by
switching off slime production through phase variation. The colonisation process at other

sites then begins (Christensen et al., 1994).
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1.5 Prevention and treatment of catheter associated infections

CRS results in a significant cost (Moss and Elliott, 1997). In the UK alone, the costs
associated with CRS are estimated to be £2.5 million per annum for long term catheters and
between £5-7 million for short term. A clear understanding of the risk factors associated with
infections of catheters and other synthetic devices will help in determining strategies to
prevent such infections. Efforts made in the prevention of sepsis will be repaid by savings of
resources in the diagnosis and management of such infections. Some of the factors

influencing microbial colonisation and strategies for prevention are summarised in table 1.1.

Table 1.1

Risk factors and preventative measures associated with catheter-related sepsis

RISK FACTORS PREVENTATIVE MEASURES

1. DEVICE -Antibiotic / heparin coated catheter
-Catheter material and topography -Electrical charge

2. OPERATIONAL -Disinfection of catheter insertion site
-Difficulty in catheter insertion -Strict barrier precautions

-Duration of catheterisation
-Site / route of catheter insertion

3. PATIENT RELATED -Antibiotic prophylaxsis
-Immunosuppresion / AIDS
-Malignancy

-Concurrent infection
-Total parenteral nutrition

4. MEDICAL PERSONNEL -Increased Experience
-Cross infection -Careful Hand washing
-Disinfection of connectors

(adapted from Micalopoulos and Geroulanos, 1996 and Elliott, 1993).
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1.5.1 The device

Intravascular catheterisation may be either short or long term. Short term CVC are usually
single, double or triple lumen and made from polyurethane, polytetrafluoroethylene (Teflon),
polythene, polypropylene or polyvinylchloride (PVC). Some catheters may be coated with
heparin or hydrophilic agents to prevent fibrin deposition and subsequent colonisation

(Roberts, 1993).

The use of impregnated antimicrobial agents on short term catheters, such as teicoplanin and
irgasan into catheter materials has also been used to reduce the rate of CRS, however, they
have yet to make a convincing impact on clinical practice. Compounds such as benzalkonium
chloride (BZK), silver sulphadiazine and chlorhexidine have also been used (Elliott, 1997).
BZK-impregnated catheters have been shown to reduce microbial colonisation for up to 3
weeks (Elliott and Tebbs, 1993). The results of one study however demonstrated that BZK
catheters are unlikely to prevent infection over a longer period (Sampath et al., 1995).
Catheters coated with minocycline and rifampicin have also been used in clinical trials and
shown to be effective in reducing colonisation of the catheter and also sepsis associated with

its use (Darouriche ef al., 1999).

It is widely believed that most infections arise from the catheter hub which has been reported
to be colonised in 70% of patients with CRS (Linares et al., 1985). However, the use of 70%
ethanol to disinfect the catheter hubs has been shown to be extremely effective in the
eradication of microorganisms (Salzman et al., 1993). The design of catheters is also related
to the incidence of microbial colonisation. Catheters with a smooth topography are less likely
to become colonised (Tebbs er al., 1994). There is also some evidence that triple lumen
catheters are associated with higher rates of infection, for example, patients receiving total
parenteral nutrition through triple lumen catheters are three times more likely to become
infected than those in whom single lumen catheters are used (Elliott ef al., 1994). Multi-

lumen ports including luer connectors can also be a major source of sepsis resulting in
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intraluminal microbial migration. It has been shown that 23% of luer locks may become
contaminated with microorganisms within 3 days of use (Tebbs ef al., 1996). An alternative
to the conventional luer system is the needleless connector, which also if cleaned

appropriately before use, offers a safer system (Brown ef al., 1997).

The effect of direct electric current (10 pA) on the ability of microorganisms to attach to
catheters has also been investigated (Lui et al., 1993; Crocker ef al., 1992). Crocker et al.
(1992) confirmed that bacteria are repelled by negatively charged current carrying cannulae in
vitro, whilst Lui et al. (1993) demonstrated that the application of an electric current has
bactericidal activity. Although further in vivo studies are needed in this area, the work

suggests an alternative means in the prevention of sepsis.

1.5.2 The patient

Because the patients’ own skin flora provides a source of infection, disinfection of the
catheter insertion site is critically important. The use of 70% isopropanol or 1% iodine n
70% ethanol applied to patients skin two minutes before insertion of the catheter has been
recommended (Elliott and Faroqui, 1992). Alcoholic chlorhexidine has also been found to be
a useful skin disinfectant (Elliott, 1997). Antiseptic ointments such as bacitracin or neomycin
offer some protection against cannulae contamination but their use should be restricted due to
associated risks of fungal infection (Elliott, 1997). After catheter implantation, the insertion
site should be covered with a dressing and monitored regularly for signs of sepsis. The
dressing should be changed regularly or when they become soiled with exudate or blood.
Although the transparent dressings allow for the monitoring of the insertion site, in a meta
analysis, the risk of CRS was shown to be significantly increased by their use (Hoffman ef al.,
1992). However, in a later contrasting report, the use of such dressings reduced the sepsis

rate (Reynolds et al., 1997).
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1.5.3 Medical personnel

Careful aseptic technique and subsequent care of the catheter are the most important factors
in the prevention of catheter sepsis (Elliott and Faroqui, 1992). Prior to disinfection of the
insertion site, hand washing with soap or 70% ethanol will result in a significant reduction of
microorganisms on the hands of the medical team. The use of sterile gloves and adherence to
protocols concerning aseptic procedures and disinfection of catheter ports are also important
measures. Regular inspection of the catheter in situ for signs of infection and changes of

dressings, provides the necessary after care.

1.5.4 Treatment

Sepsis due to the CNS may be successfully treated with the catheter still in situ. The best
antibiotic treatment of infections associated with intravascular catheters involves the use of
vancomycin or teicoplanin (Elliott and Faroqui, 1992). However, the approach to treatment
and management will depend upon the nature of infection, the aetiological agent and the

patient’s underlying condition (Elliott, 1993).

1.6 Laboratory diagnosis of catheter related sepsis

The accurate diagnosis of CRS continues to offer a diagnostic challenge since clinical
presentation such is often silent or non specific (Elliott and Tebbs, 1998). Indeed, indicative
symptoms such as local inflammation including erythema, odema and purulent exudate is
evident in only 35-50% of cases (Michalopoulos and Geroulanos, 1996). The laboratory

diagnosis of CRS is therefore imperative.
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1.6.1 Culture of distal catheter tips

The semiquantitative culture of central venous catheter tips described by Maki et al. (1977),
is probably the most common method used in hospital laboratories as it is simple and
economical (Michalopoulos and Geroulanos, 1996; Widmer ef al., 1992). The method
involves rolling the catheter tip over an agar plate and after appropriate culture, the numbers
of colony forming units (CFU) are determined. It has been suggested that >15 CFU is
indicative of CRS.

Although widely used, the technique has associated problems. The cut off figure of 15 CFU
is disputed by some workers and levels of 5 CFU (Haslett et al., 1988) and 25 CFU (Rello et
al., 1991) have been documented indicating that the interpretation of catheter tip culture
results is both subjective and difficult. Adherent microorganisms and slime producing CNS
make the diagnosis by this method complex. The microorganisms may be particularly difficult
to remove from the external surface of the catheter by rolling and hence the number of CFU
acheived on the surface of an agar plate may not reflect the number of organisms on the
catheter. Slime production also interferes with counting procedures that rely upon
determining the number of CFU. A single CFU may represent a single organism or a cluster

of many microorganisms released during the rolling procedure.

Also, the roll plate technique does not always allow for discrimination to be made between
microbial contamination of the catheter and true sepsis (Elliott, 1997). Another limitation is
that it only detects microorganisms on the outside surface of the catheter and not the internal
lumen, which needs be considered when interpreting cultures. In one study which evaluated
three methods for culturing catheters, it was reported that the culture of the internal lumen
was a better predictor of infection compared with external culture or ultrasonication

(Kristinsson et al., 1989).
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Other workers have conflicting views on the usefulness of semiquantitative culture of tips in
the diagnosis of sepsis. In the report by Widmer er al (1992), only 4% of the
semiquantitative tip culture results using the Maki roll plate technique had any clinical impact,
and the negative culture results did not influence the clinical practice. This suggests that
although widely used, the roll plate technique is not a valid “gold standard” for the diagnosis
of CRS. In contrast, Collignon et al. (1986), concluded that semiquantitative culture using
the roll plate method was a useful indicator for the diagnosis of sepsis particularly if a
negative result is used to eliminate a suspected clinical bacteraemia. However, the main
problem of catheter culture is that the diagnosis is made after the catheter has been removed,

hence many catheters are removed unnecessarily (Elliott, 1993).

1.6.2 Surveillance cultures

The two main sources of microorganisms related to CRS are the skin insertion site and the
catheter hub. It has been reported that the hub is the most important source and is one that
will go undetected by routine semiquantitative culture techniques (Linares ef al., 1985). The
clinical value of surveillance cultures such as the hubs however may only reflect
contamination rather than sepsis and the laboratory results may be difficult to interpret
(Elliott, 1997). Also, insertion site swabs should only be taken when there is clear evidence
of local infection as again culture results may only reflect the presence of commensals. A
highly discriminative typing technique would therefore be needed to correlate isolates of CNS

from surveillance cultures with those from clinical samples to define the source of sepsis.
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1.6.3 Blood cultures

Blood cultures are a major component in the diagnosis of CVC related sepsis (Elliott, 1997).
The diagnosis can be confirmed by isolating the same organism from blood cultures taken
from different sites, for example via a peripheral venepuncture and the catheter (Elliott,
1993), and also from sequential blood cultures (Kloos and Bannerman, 1994). The problem
arises however when different microorganisms are assumed to be the same on the basis of
limited antibiograms (Zaidi et al., 1996). Isolates of CNS can be readily identified to species
level in the diagnostic laboratory using commercial biotyping kits, yet it is rarely considered
necessary to confirm the relatedness of less commonly isolated species. However, due to the
ubiquitous nature of S. epidermidis, the most prevalent species of CNS on the skin surface,
discriminate typing is necessary to confirm the relatedness of isolates and consequently
identify true infection represented by repeated isolates of the same strain (Geary ef al., 1997).
Quantitative blood cultures are also helpful for the diagnosis of CVC related sepsis
(Elliott,1997; Kloos and Bannerman, 1994). The finding of a 5-10 fold increase in the
concentration of microorganisms drawn via the CVC in comparison with that taken through

the peripheral line has been suggested to indicate disease (Elliott, 1993)

1.6.4 In situ diagnostic techniques

Conventional methods to diagnose CRS generally require that the device is removed for
culture, however, in many patients the culture proves negative despite the clinical suspicion.
Rapid methods to diagnose CRS without catheter removal using the Gram stain and acridine
orange leucocyte cytospin, to demonstrate intracellular microorganisms have been
documented (Rushforth ef al., 1993; Kite ef al., 1999). In the study by Kite er al. (1999) the
method was shown to have a sensitivity of 96% and specificity of 92%, which compares
favourably with culture methods and the results are available in 30 minutes. However, a

disadvantage of the method is that the blood is drawn through the catheter hub, which is a
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common source of microbial contamination, therefore stringent cleaning of the hub prior to
sampling and care in interpretation of the smears is necessary. The in situ diagnosis using the
differential time to positivity (DTP) between catheter blood and peripheral blood has also
been investigated (Blot ef al., 1999). In this study, a sensitivity of 94% and specificity of
92% was achieved if a DTP of 2 hours or more between paired samples was used as a cut off.
However, these parameters varied considerably the method was investigated by another
group and it was also shown to be influenced by the duration of patient catheterisation (Farr,
1999). Both methods potentially could prevent catheters being removed unnecessarily and

hence reduce costs, but both methods require further work.

1.7  The Gram positive cell wall

Peptidoglycan is the major component of Gram-positive cell walls, accounting for 50% of the
weight and it is responsible for the shape and mechanical integrity of the cell wall. It is
composed of N-acetylglucosamine and N-acetylmuramic acid molecules linked alternately to
form the glycan chain. The N-acetylmuramic acid molecules each carry a peptide side chain
containing D- and L- alanine, D-glutamic acid and either L-lysine or diaminopimelic acid.
The glycan chains are cross-linked by additional peptide chains to form the peptidoglycan
network. The peptidoglycan is important in the pathogenesis of infection; it elicits the
production of interleukin-1 and opsonic antibodies; it chemically attracts

polymorphonucleocytes and activates complement (Jawetz ef al., 1987a).

In Gram-positive microorganisms, there are also two classes of teichoic acid. Wall teichoic
acid is a linear anionic polymer of ribitol phosphate or glycerol phosphate, which is linked to
the peptidoglycan and makes up about 20 % of the weight of the wall. Lipoteichoic acid
(LTA) is located in the cytoplasmic membrane but protrudes through the cell wall and is
exposed on the outer surface of the cell (figure 1.4). LTA is generally composed of a

glycolipid anchor  containing unsaturated fatty acids, and a 1,3-linked
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poly(glycerophosphate)chain with substitution by oligoglucose or D-alanine at the 2-positions
of the glycerols (Fischer, 1994). The poly(glycerophosphate) is assumed to have between 9
and 40 repeating units. The biological activities of LTA include cytokine induction (IL-1, TL-
6, and TNF-a) (Verhoef and Mattsson, 1995). Protein-A is a cell wall component of many
strains of S. aureus and binds to the Fc¢ portion of IgG, with the exception of IgG3 and some
strains also have capsules surrounding the cell wall which aid in pathogenesis by inhibiting
phagocytosis. Clumping factor (coagulase) is also present on the cell wall surface of most

strains of S. aureus.

Figure 1.4 The Gram positive cell wall

Aston University

lustration removed for copyright restrictions
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1.7.1 Serological approaches in diagnosing Gram-positive infections

The serological diagnosis of sepsis related to CVC may offer a rapid and non-invasive method
of identifying patients with sepsis allowing prompt intervention with appropriate therapy.
Serological approaches to diagnosing other infections related to staphylococci have been
investigated. In the mid eighties, an ELISA for the detection of IgM and IgG antibodies
against cell wall teichoic acid was developed for the diagnosis of intravascular staphylococcal
disease (West et al., 1985). The assay failed to discriminate between healthy patients and
those with intravascular disease due to CNS but did detect a significant difference in IgG
titres between those patients with endocarditis due to S. aureus and the controls. The
detection of IgM antibody as a marker of infection proved of no value in this study. In the
study by Verbrugh et al. (1983), a panel of staphylococcal antigens including peptidoglycan,
teichoic acid, extracellular alpha toxin and nuclease was used in an ELISA for the diagnosis
of staphylococcal disease. The peptidoglycan component was shown to be the most useful
antigen to differentiate between complicated and uncomplicated staphylococcal bacteraemias,
particularly when serial serum samples are tested. The alpha toxin and teichoic acid
component respectively discriminated between the groups to a lesser degree, whilst the use of
nuclease as an antigen proved of no value. Julander ef al. (1983), compared the serological
analysis of antibodies against staphylococcal alpha-haemolysin to those produced against
teichoic acid using ELISA in the diagnosis of staphylococcal disease. Their work suggested
that the antibody response elicited against alpha-haemolysin is more common than to teichoic
acid. However, the use of the two tests run in parallel was the preferred approach. The study
also demonstrated that the IgM antibody response against both antigens was found less
frequently than IgG. The IgM titres were found to be very low and the specificity
questionable due to the problem of rheumatoid factor of the IgM class, giving rise to false
positive 1gM reactions. The conclusion was that IgM antibody determination was of little

diagnostic value.
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The antibody response to staphylococcal cell wall teichoic acid has also been investigated
using a method of double diffusion in agar gel plates (Crowder and White, 1972) and by an
ELISA (Julander ef al., 1983). Crowder and White described how the serological analysis
using staphylococcal teichoic acid as a test antigen allowed for the discrimination between
patients with staphylococcal and non-staphylococcal endocarditis to be made. However,
cross reactions were noted from patients with endocarditis due to S. aureus and

S. epidermidis and the potential for cross reaction between antibodies against the cell wall

N-acetylglucosamine of S. aureus and some strains of streptococci was described.

A solid phase radioimmunoassay for detecting IgG antibodies to S. epidermidis in patients
with endocarditis has also been described (Epersen ef al., 1987). This assay differentiated
between patients with endocarditis and uncomplicated bacteraecmia due to CNS. The
antibody response to S. aureus protein-A has also been investigated as a marker of infection
(Greenberg et al., 1990), and significant differences between patients with endocarditis and
uninfected controls were observed. However, no serological difference was demonstrated

between patients with endocarditis and uncomplicated bacteraemia.

Later, an ELISA system was developed for the detection of antibodies to exocellular proteins
of S. aureus in bone infections (Krikler and Lambert, 1992), which differentiated those
patients with bone infections due to S. aureus from healthy patients and also those with
infections due to other Gram positive organisms including S. epidermidis and S. sanguis. The
assay therefore offered a potential tool in differentiating between infections and mechanical
loosening of prosthetic joints. More recently, an ELISA for serodiagnosis of prosthetic
infection due to S. epidermidis has been developed (Lambert ef al., 1996). This test utilised
exocellular carbohydrate antigens of S. epidermidis purified from brain heart infusion (BHI)
culture medium to detect serum levels of IgG in patients with bone infection due to the
organism and in those with uninfected joints. Although the assay proved not to be specific
for S. epidermidis and detected raised antibody levels in infections due to other Gram-positive

organisms, it did discriminate between test and control patients. These initial studies proved
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encouraging in potentially offering an ELISA system for the detection of raised antibody

levels in serious Gram positive infections.

Alpha-haemolysin toxin is a highly potent exotoxin produced by most clinical isolates of

S. aureus and the detection of raised antibodies to the toxin has been used for many years as a
diagnostic tool in human staphylococcal disease (Julander ef al., 1983). It has been widely
used in the diagnosis of staphylococcal osteomyelitis (Taylor and Plommet, 1973) and is also
recommended as a diagnostic tool for other staphylococcal diseases such as pneumonia and
joint infections (Behring Diagnostics Inc., 1995). Healthy persons were found to have
antibody levels against alpha-haemolysin of up to 2 international units (IU) /ml and it is

recommended that levels of 2 TU/ml or above be considered significant.

Although widely used, the test suffers several disadvantages. Firstly, false positive values
have been noted in non-staphylococcal disease, for example, tuberculosis and secondly, the
anti alpha-haemolysin levels are not raised in all cases of staphylococcal disease (Taylor and
Plommet, 1973). The anti alpha-haemolysin test has also been found to have a low sensitivity
(Julander ef al., 1983). Approximately 86-95% of strains of S. aureus from human origin
form alpha-haemolysin, however, it is rarely formed by the CNS (Easman and Goodfellow,
1991) and specific exoproteins and toxins have not yet been convincingly associated with the

pathogenesis of CNS infections.

Laboratory tests widely used for the diagnosis of streptococcal disease include the anti-
streptolysin (ASO) and anti-deoxyribonuclease B (ADNB). These tests are used in the
detection of streptococcal infection and their sequelae, rheumatic fever and
glomerulonephritis.  Streptolysin-O is an extracellular product of group A, C, and G

streptococci and is more widely used as a diagnostic test as it is elevated in 80-85% of cases
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(Behring Diagnostics Inc., 1995). However, many sera tested demonstrate a certain level of
antibody against streptolysin-O, dependent upon patient age and geographical locality. It is
therefore recommended that each laboratory should determine its own "normal range" but as
a guideline an orientation value of 200 IU/ml is accepted internationally as the upper limit of

the "normal range".

1.8 Characterisation of the staphylococci

The goal of strain typing is to provide laboratory evidence that epidemiologically related
isolates collected for example, during an outbreak, are related. The characterisation of the
staphylococci through strain identification has become important since the recognition of their
clinical significance. The repeated isolation of the same strain is indicative of true infection

rather than contamination (Geary et al., 1997).

1.8.1 Conventional methods

Conventional methods used in the typing of staphylococci have been largely based on colonial
morphology, antibiogram and biotyping, and bacteriophage typing (Kloos and Bannerman,
1994). Other methods evaluated have included the use of a lectin binding assay (Jarlor et al.,
1992) and also slime production (Davenport et al., 1986). The ease of obtaining an
antibiogram and a biotype make these systems attractive for routine diagnostic laboratories,
and when used in combination they provide a moderate degree of discrimination (Kloos and
Bannerman, 1994). However, as single techniques, both methods have associated
disadvantages. The epidemiological value of antibiograms is low for nosocomial strains of
CNS that have, by definition been acquired within an environment that acts as a reservoir of
antibiotic resistance genes. Antibiogram typing for example, would fail to type a strain whose

susceptibility pattern varies due to loss or gain of resistance markers encoded by plasmid
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DNA influenced by patient treatment (Geary et al., 1997). Antibiograms however, can be
useful markers for "local" strains of CNS within hospitals whose resistance patterns are
unique. Biotyping as a single system lacks discriminatory power (Geary ef al., 1997; Dryden
et al., 1992) and strains of S. epidermidis exhibit too few biotypes for the system to provide
useful epidemiological information. Also, certain biochemical characters demonstrate clonal
variation, which may accumulate upon repeated subculture. Epidemiological studies of
staphylococci are notoriously difficult to evaluate and these traditional methods of biotyping
and antibiogram typing have low discrimination for the CNS. Previous work has shown the
use of phenotypic markers such as biotype and antibiogram to have little use in determining
the pathogenesis and epidemiology of CNS infection in oncology patients when compared to
molecular methods such as random amplification of polymorphic DNA (RAPD) and pulsed

field gel electrophoresis (PFGE) (Nouwen ef al., 1998).

A suggested method which is simple, rapid and cost effective, of distinguishing true
pathogens from contamination is the detection of slime production (Christensen ef al., 1983)
which could be used along with other phenotypic markers such as antibiogram and biotyping
to characterise CNS. Davenport et al. (1986) used slime positivity as a marker for infection
and found it to be significantly associated with clinical infection and recommended its use as a
tool for early diagnosis of infections due to CNS. A simple, rapid and sensitive method of
detecting slime production is by the use of congo red agar (Freeman et al., 1989). Congo red
incorporated into the agar indicates the presence of exopolysaccharide substance (slime)

through blackening of the staphylococcal colonies, however the exact mechanism is unknown.
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1.8.2 Molecular approaches to characterisation

As conventional methods have been regarded as generally unsatisfactory, many have been
replaced or supplemented with newer molecular methods such as plasmid fingerprinting,
random amplified polymorphic DNA analysis (RAPD), ribotyping, PCR-based methods,
multilocus enzyme electrophoresis and analysis of chromosomal DNA restriction patterns by
pulsed field gel electrophoresis (Tenover et al., 1995; Geary et al., 1997; Kloos and

Bannerman, 1994).

1.8.2.1 Pulsed field gel electrophoresis (PFGE)

Analysis of bacterial DNA by PFGE has several significant uses. Firstly, a physical map of
the bacterial chromosome can be developed by using known genes as probes. Secondly,
transposon insertions into previously uncloned loci can be mapped. Finally, PFGE is highly
effective in molecular epidemiologic studies of bacterial isolates and is superior to both
phenotypic and Southern blotting techniques in discriminating bacterial isolates (Maslow et

al., 1993).

By the application of a pulse or the change of direction to an electric field as in PFGE, the
upper limit of fragment size of DNA separation is greater compared with conventional
electrophoresis methods (Kaufmann and Pitt, 1994). The movement of fragments of DNA in
an agarose gel is influenced by changes in orientation of an electric field, therefore by
switching the field at known intervals many points along the DNA molecule will move in the
direction of the new field until one end eventually leads the molecule in that direction. Upon
reapplication of the first field a reorientation process occurs within the DNA molecule. The
reorientation is dependent upon DNA fragment size and provides the basis by which the

fragments are separated. PFGE of the complete staphylococcal chromosome following

67



cleavage with a selective rare cutting restriction endonucleases generates a profile of up to 18
bands and allows a comparison to be made through analysis of the macrorestriction patterns
(Tenover et al., 1995). Although PFGE is expensive and technically demanding, it is
currently the most sensitive technique available for epidemiological mnvestigation of clonal

relatedness between staphylococcal isolates (Lina et al., 1992; Snopkova ef al., 1994).

1.8.2.2 PFGE methodology

PFGE involves embedding microorganisms in agarose, lysing them in situ and digesting the
chromosomal DNA with restriction endonucleases that cleave infrequently, for example, Smal
(Tenover et al., 1995). Molecular weight standards are also included with the test isolates,
for example, a "lambda ladder" which consists of concatamers of lambda bacteriophage and

thus provides a means of calculating the fragment sizes.

Segments of the agarose containing the DNA fragments are inserted into the wells of an
agarose gel and the restriction fragments are resolved into a series of bands in the gel by
apparatus that alters the direction of the electric current. The choice of restriction enzyme(s)
is influenced by several factors (Maslow et al., 1993). Firstly, the guanine and cytosine
(G+C) content of the bacterial species is important. DNA with low G + C content, for
example, S. aureus, will cut infrequently when treated with restriction enzymes with a G + C-
rich recognition site e.g. Smal, which recognises a CCCGGG sequence. Secondly, enzymes
with 8 base-pair recognition sequences will cut less frequently than comparable 6 base-pair
cutters. After staining with ethidium bromide, the resulting DNA restriction patterns of the

organisms are compared with one another to determine their relatedness.
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1.8.2.3 PFGE systems

All PFGE systems rely on DNA reorientation for fragment separation by subjecting the
molecules to at least two alternating electric fields. Early models such as orthogonal field
agarose gel electrophoresis (OFAGE) and transverse alternating field electrophoresis (TAFE)
suffered from problems in electrode configuration resulting in difficulties in DNA mobility
(Kaufmann and Pitt, 1994). Field inversion gel electrophoresis (FIGE) and contour-clamped
homogenous electric field (CHEF) are upgraded systems of PFGE, which are versatile, and
realtively easy to operate. FIGE involves a system of electric fields which move forward and
backward through the gel whilst CHEF uses a system of multiple electrodes to generate
homogenous electric fields. The CHEF system uses an angle of reorientation of 120° with
gradations of electropotential radiating from the positive to negative poles allowing for
molecules up to 7000 kb to be separated. Irrespective of which system of PFGE is used, the
parameters affecting the separation of DNA remain the same including agarose concentration,
DNA quality and concentration, electric field switching times and strength, and also the

temperature and ionic strength of the system buffer (Kaufmann and Pitt, 1994).

1.8.2.4 Interpretation of chromosomal DNA restriction patterns produced by PFGE

Due to lack of standardised criteria for the analysis of restriction patterns, a set of guidelines
for interpreting the patterns have been proposed by Tenover ef al. (1995). The criteria take
into account the random genetic events, which occur amongst microorganisms such as point
mutations and insertions or deletions of DNA, which would generate small changes in PFGE
restriction patterns during the course of an outbreak. The guidelines presented by Tenover

et al. (1995) are intended for use in analysing discrete sets of isolates obtained during

epidemiological studies and are summarised in table 1.2. In potential outbreak situations
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however, the guidelines should only be used for outbreaks occurring over a short period of

time, for example, 1-3 months.

Table 1.2

Guidelines proposed for interpreting restriction patterns

Category of isolate Typical no. of fragment differences

compared with "outbreak" pattern

Indistinguishable 0

Closely related 2-3
Possibly related 4-6
Different 5.7

Adapted from Tenover et al. (1995)

Another method of determining the levels of relatedness between strains is by conducting
comprehensive pairwise comparisons of macrorestriction fragment sizes by using the Dice
coefficient (Sp), which is defined as the ratio of twice the number of bands common to each

pair of restriction profiles to the total number of macrorestriction profiles in each restriction
profile (Grothues and Timmler, 1991; Rainey et al., 1994). The Dice coeflicient (Sp) is

expressed as:

Sp= 2ni
(n4 + mp)

where n, and m; are the numbers of fragments in patterns A and B and »i is the number of

common bands. The statistical significance of pairwise comparisons can be evaluated and
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indications of a 95% confidence interval for the statistical similarity of restriction fragment
patterns made (Grothues and Tiimmler, 1991). Interpretation of the macrorestriction
fragment profiles can also be performed using software, for example, Phoretix 1D Advanced
gel analysis computer programme (Phoretix international, UK). Completed gel analysis data
can be transferred to the database programme to allow strain comparison by calculation of the
Dice correlation coefficient. Isolates are clustered together by the unweighted pair group

method of arithmetic averages (UPGMA) to permit the construction of a dendrogram.

1.8.2.5 PFGE in the microbiology laboratory

As a molecular typing system, the validity of PFGE is well established (Tenover et al., 1995).
Zaidi et al. (1996) used PFGE to assess the similarity of CNS isolated from sequential blood
cultures of neonates, and although they found the technique time and labour consuming, it
provided them with an excellent system for studying differences amongst strains of CNS
especially in an environment where the strains isolated were highly resistant to the commonly
used antibiotics. The system has also been used to study the molecular epidemiology of the
CNS involved in catheter related infections within haemato-oncology patients (Nouwen et al.,
1998). PFGE has been successfully used to examine the persistence of virulent clones of CNS

in neonatal intensive care units responsible for catheter related sepsis (Vermont e al., 1998).

Lina ef al. (1992) observed that epidemiologically unrelated strains of S. epidermidis isolated
from patients with community acquired NVE showed identical profiles using PFGE. This
finding suggests that PFGE may be a useful tool for not only discriminating between strains of
microorganisms but also for identifying strains that are potentially more pathogenic or that

can disseminate more readily than others. Also, Lina ef al. (1995) used PFGE to identify the

71



aetiological agent and its source in a case of chronic bacteraemia due to S. epidermidis in a
patient following bone marrow transplantation, and recommended its use as a tool for
understanding the pathogenicity and transmission of CNS. Finally, PFGE has more recently
been used to analyse the macrorestriction fragment profiles and investigate the relatedness, of
strains of CNS recovered from patients with CAPD, endocarditis, non-union bone fractures,
prosthetic hip replacement and CVC-related sepsis (Lang ef al., 1999). PFGE, in this study,
highlighted the genomic diversity of the CNS and demonstrated that there was no apparent

segregation of CNS by associated infection type, medical unit or medical centre.
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1.9 Aims of the current study

e To develop a serological test to assist in the diagnosis of deep-seated infections caused by
staphylococci and to investigate the epidemiology of these infections by conventional and

molecular methods.

e To obtain, prepare and characterise antigenic material derived from coagulase negative
staphylococci (CNS) isolated from patients with a clinical diagnosis of catheter related

sepsis.

e To develop a prototype ELISA system incorporating the exocellular antigen derived from
CNS and investigate the parameters influencing the assay including selection of suitable
internal standards, the evaluation of the best method of determining end points within the

assay and a study of intratest variation and intertest variation.

e To determine the levels of both IgM and IgG to the novel antigen in the normal
population and in patients with CRS, and to evaluate the parameters of the prototype
ELISA including sensitivity, specificity, positive predictive value, negative predictive

value and accuracy.

e To investigate the potential cross reactivity of the antibodies with cardiolipin, a
structurally similar phospholipid to the ELISA antigen and present in mammalian cell

membranes.

e To determine the similarity of strains of CNS isolated from patients with CRS using

PFGE genotyping and also conventional phenotypic typing methods including

antibiograms, biotypes and slime production.
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e To develop the prototype ELISA into a format which could be incorporated and used in

routine clinical Microbiology laboratories.

e To assess the potential of the ELISA in the serodiagnosis of other deep-seated Gram-

positive infections including prosthetic joint infection, endocarditis and pyogenic

spondylodiscitis.
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Chapter 2 Isolation and characterisation of a novel exocellular glycolipid

antigen produced by coagulase-negative staphylococci

2.1 Introduction

Many attempts have been made to identify the exocellular and surface components of

S. epidermidis which are responsible for the colonisation of prosthetic devices and the
formation of biofilm. Although the slime material produced by many strains of

S. epidermidis has been difficult to characterise (Christensen ef al., 1994), a number of
distinct exocellular polymers have been identified. Tojo et al. (1988) isolated a purified
capsular polysaccharide adhesin (PS/A) which is highly immunogenic in its purified form
and appears to enhance the very early stages of colonisation of biomaterials. PS/A was
isolated from strain RP62A (ATCC 35984) and was predominantly carbohydrate with low to
non-detectable levels of protein, nucleic acids, and phosphate. This adhesin contained no
detectable lipids, and glucosamine, galactose and galactosamine were the principal
monosaccharides. In addition, Timmerman ef al. (1991), characterised a 220-kDa
proteinaceous surface antigen of S. epidermidis 354 which also mediates attachment to

polymer surfaces.

Mack et al. (1994) chemically characterised one component of the biofilm as a hexosamine
containing polysaccharide adhesin. This adhesin, referred to as the polysaccharide
intercellular adhesin (PIA), is important in staphylococcal cell clustering and in the
accumulation phase of the biofilm formation, and has been shown by Baldassarri er al.
(1996) to be the same as the slime-associated antigen first characterised by Christensen et al.
(1990). The chemical composition of extracellular slime substance (ESS), another polymer
important in biofilm formation, is at present undefined although work by Hussain et al.
(1992) showed that ESS had a similar composition to glycerol teichoic acid when grown in a
chemically defined medium. More recently, Karamanos et al. (1997) isolated a highly
immunogenic, 20-kDa acidic polysaccharide which constitutes a major component of the

extracellular slime of S. epidermidis. Serum samples from patients with bacteraemia due to
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slime producing strains of S. epidermidis were shown to have significantly higher levels of
antibody to the 20-kDa polysaccharide than sera from healthy individuals. Despite the wide
range of components that have been identified to date, no single component appears to be

associated with adhesion and biofilm formation in strains causing infection.

Krikler and Lambert (1992) demonstrated the immunological importance and potential of
exocellular protein antigens of S. aureus as markers of bone infection by immunoblotting,
whilst Lambert et al. (1996) used exocellular carbohydrate antigens from a strain of

S . epidermidis in an enzyme linked immunosorbent assay (ELISA) to facilitate the
diagnosis of orthopaedic prosthetic infection. In the study of Lambert er al. (1996) the
exocellular antigenic material was prepared from the culture supernatant of a strain of

S. epidermidis isolated from an orthopaedic infection, and grown in brain heart infusion
(BHI) broth (Oxoid, Basingstoke, U.K.). The antigen was partially purified by gel
permeation liquid chromatography. High molecular weight fractions were selected for
binding to the solid phase in an ELISA. The ELISA was shown to differentiate between IgG

antibody levels of healthy controls and patients with deep-seated staphylococcal infection.

The aim of this part of the study was to isolate exocellular antigenic material derived from 7
strains of coagulase negative staphylococci (CNS). The microorganisms from which the
antigen was prepared were isolated from the blood cultures of patients with defined catheter-
related sepsis (CRS) with a view to incorporating the antigen in an ELISA for the
serodiagnosis of the infection. In contrast to the ELISA of Lambert er al. (1996) which
incorporated antigen prepared from a single strain, a number of strains of CNS were chosen
to prepare the antigen in order to represent a range of colonial morphologies, biotypes and
slime / non-slime producing strains of CNS associated with CRS. The exocellular antigenic
material was then characterised by competitive ELISA, sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE), silver stain and western blotting. Further
characterisation by chemical analysis was performed on a single strain of CNS selected from
the 7 isolates, which had been cultured in a chemically defined medium (Hussain ef al.,

1992).
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2.2 Materials and Methods

2.2.1 Bacterial strains

Seven phenotypically different strains of CNS, which were isolated from the blood cultures
and central venous catheters (CVC) of patients with defined CRS, were selected for antigen
preparation. Seven isolates were chosen to include a wide range of colonial variants. The
strains were grown on blood agar plates containing 7% defribinated horse blood incubated at
37°C in CO; for 24 h and identified by API STAPH (bioMérieux, Marcy-I’Etoile, France).
The ability of each strain to produce exocellular slime was determined by colonial
appearance on congo red agar (figure 9.0). The strains were stored on polystyrene beads at -
20°C and nutrient agar plates (Oxoid, Basingstoke, U.K.). The strains have also been
deposited at the National Collection of Marine and Industrial Bacteria as NCIMB 40896,
NCIMB 40945, NCIMB 40946, NCIMB 40947, NCIMB 40948, NCIMB 40949, and
NCIMB 40950.

2.2.2 Preparation and recovery of exocellular antigenic material from

culture supernatants

The BHI-7 antigen was prepared from 7 strains of CNS (5 S. epidermidis,

1 S. haemolyticus, 1 Micrococcus kristinae) which were identified by API STAPH
(bioMérieux, Marcy-I’Etoile, France). Starter cultures for each strain were prepared by
inoculating 2 to 3 colonies from nutrient agar plates into 20 ml of BHI in 100 ml conical
flasks. The broths were incubated for 18 h at 37°C on a rotary shaker (200 rpm). One ml of
each starter culture of each strain was inoculated separately into conical flasks containing
200 ml of BHI and incubated for 18 h at 37°C on a rotary shaker (200 rpm). The purity of
each culture was checked by inoculation onto nutrient agar plates, which were incubated for
18 h at 37°C. The cells were harvested by centrifugation at 10,000 g for 10 min and the
culture supernatants collected. Aliquots of each supernatant (100 ml) were dispensed into

500 ml flasks and the water was removed by freeze drying. The freeze dried material was
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resuspended in 10 ml of distilled water resulting in a 10-fold concentration of the original
culture supernatent. After centrifugation at 15,000 g for 5 min to remove any residual
insoluble material, 1 ml aliquots of each supernatant fluid were applied to a Superose 12
HR 10/30 gel filtration column equilibrated with water (dimensions: 30cm length x 1 cm
diameter), (Amersham Pharmacia Biotech, St. Albans, Hertfordshire, U.K.). The column
was eluted with water at 0.4 ml/min, monitoring the eluate at 280 nm and 50 fractions of 0.8
ml each were collected (Pharmacia FPLC). The void volume of the column (determined by
elution of blue dextran) was ?;.2 ml. In addition, to identify any components unrelated to the
material in the culture supernatants, uninoculated BHI broth was also applied to the FPLC

column.

2.2.3 Determination of hexose and protein content in fractions 1 to 50
2.2.3.1 Hexose assay (Dubois et al., 1956)

Phenol solution (0.1ml of 80% w/v) was added to 0.Iml of each fast protein liquid
chromatography (FPLC) fraction, followed by addition of 2ml concentrated H,SO; S.G.
1.84 (98%). The fractions were left at 20°C for 10 min. A brown colour developed if
hexose was present in the solution. One hundred microlitres of each fraction was transferred
to a microtitre plate and the absorbance read at 492nm. The assay was calibrated using
glucose as a standard (concentration range:10 to 50ug ) and the hexose content of the

fractions expressed in terms of equivalent glucose content.

2.2.3.2 Protein assay (Folin-Lowry) (Lowry et al., 1951)
Reagents A and B were prepared as follows:

Reagent A: 1% w/v CuSO4 2% w/v potassium tartrate in 0.1N NaOH
Reagent B: 2% w/v Na,COs
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Equal volumes of reagent A and B were mixed and 0.4ml of the solution added to 0.1ml
aliquots of the FPLC fractions. Forty microlitres of Folin Ciocalteu reagent (Sigma, U.K.)
was added, mixed and left at 37°C for 30 min. Fifty microlitres of each fraction was
transferred to a microtitre tray and the absorbance read at 692nm. The assay was calibrated

using bovine serum albumin as a standard (concentration range: 10 to 300pg).

2.2.4 Detection of antigenic material in FPLC fractions by enzyme linked

immunosorbent assay (ELISA)

An indirect ELISA was used to assay FPLC fractions (1 to 50) of each culture supernatant
for antigenic content. The ELISA measured binding of IgG in serum from a patient with
CRS and S. epidermidis isolated from the blood culture. Individual fractions were diluted in
100 volumes of sodium carbonate/bicarbonate buffer (0.05M, pH 9.6) and 100ul of the
diluted antigen was dispensed into wells of a 96-well flat bottomed microtitre plate
(Immulon 2, Dynex Technologies, Chantilly, VA). Plates incorporating S. epidermidis and
S. aureus LTA (section 2.2.5) and control material (fractions of BHI alone) were also
prepared (section 2.2.3). The plates were stored at 4°C for 18h to allow for binding of the
fractions to the polystyrene surface of the wells (Lambert ef al., 1996). The residual material
was then removed, and the plates washed 3 times in TBS-Tween buffer (0.01M Tris-HCI pH
7.4, NaCl 0.9%, 0.3% v/v Tween-20) using an ELP-40 automated plate washer (Launch
Diagnostics, U.K.). Unbound antigen sites in the wells of the plates were blocked by
completely filling the wells with TBS-Tween buffer and allowing the plates to stand at 4°C
for 1 h, after which, the buffer was removed and the coated plates stored at -20°C until

required.

The patient’s serum was diluted 1:800 (5ul of serum in 4ml of TBS-Tween buffer) and
100pl added to the wells of the microtitre plate coated with fractions 1 to 50, which was then
covered with an acetate plate sealing strip and incubated for 2 h at 4°C. After removal of the

serum and washing with TBS-Tween, bound IgG was detected by the addition of 100ul of

79



protein A-horseradish peroxidase conjugate (0.5pg/ml in TBS-Tween; Sigma, Poole, Dorset,
U.K.) for 2 h at 4°C. The conjugate was then removed by washing with TBS-Tween, and
the ELISA developed by the addition of 100ul of the chromogenic substrate to all of the
wells. The substrate contained 10 mg of 3,3°,5,5 -tetramethylbenzidine (Sigma, U.K.)
dissolved in 1 ml of dimethyl sulphoxide and diluted into 100 ml of sodium acetate/citrate
buffer (0.1M, pH 6.0) containing 20l of 6% v/v H,O, The plate was incubated at room
temperature for 10 minutes and the reaction was stopped by addition of 100ul of 1M
sulphuric acid (BDH chemicals, U.K). The yellow coloured product in each well was
measured immediately at 450nm with an Anthos 2001 plate reader (Labtech, Ringmer, East
Sussex, U.K.).

2.2.5 Preparation of control lipoteichoic acid (LTA)

Lipoteichoic acid (LTA) from S. aureus and S. epidermidis was also used as control antigen
to coat the wells of microtitre trays. LTA from S. qureus was obtained from Sigma, whilst
LTA from S. epidermidis was prepared from strain NCIMB 40896. S. epidermidis LTA was
prepared by culturing the strain in 4 litres of BHI for 18 h with shaking at 37°C and
harvesting the cells by centrifugation at 10,000g for 10 min. The cells were then washed in
saline, resuspended in water and freeze dried. Phospholipids were removed by extraction
with chloroform:methanol (2:1). The de-fatted cells were dried in vacuo and the LTA was
then extracted by stirring with 80% w/w phenol for 30 min. After centrifugation (10,000g,
10 min), the upper (aqueous) phase was collected and analysed against water to remove the
phenol. The crude LTA was incubated with RNA-ase/DNA-ase (1 mg/ml each, Sigma
U.K.) for 2 h at 37°C then re-extracted with phenol. Finally, the LTA was purified by gel
filtration on a Superose 12 10/30 FPLC column, eluted with water at 0.4ml/min, collecting

0.8ml fractions.
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2.2.6 Competitive ELISA of LTA absorbed serum against a panel of antigens (BHI-7,
HHWG6 and LTA).

The preliminary results of the analysis of FPLC fractions by ELISA (section 2.2.4) indicated
that antigenic material was present in fractions 10 to 15 and was either LTA or a substance
that was chemically related to LTA. To support these initial findings, ELISA were
performed on the FPLC fractions as described in 2.2.4 on serum samples from patients with
a defined CRS and controls that had been pre-absorbed with LTA prepared from S.
epidermidis. In addition, the future characterisation of antigenic material prepared in BHI
broth, which is chemically undefined would be complicated. Therefore, the use of a
chemically defined medium (Hussain-Hastings-White, HHW) designed for the growth of

S. epidermidis (Hussain et al., 1991) was investigated. However, upon preparation of the
starter cultures (2.2.2), only 6 of the 7 strains grew in this medium, therefore the antigen was

prepared using only 6 strains and was designated HHW®6.

Microtitre plates were coated with pooled fractions 10 to 15 (BHI-7) and HHW6 as
described previously (2.2.4). In addition, LTA prepared from a single strain of

S. epidermidis and LTA from S. aureus (Sigma, U.K.) (2.2.5) at a concentration of 0.05mg/1
was also coated onto microtitre trays. The performance of each antigen was assessed by
ELISA on a panel of sera from 27 patients with CRS and 14 controls (chapter 4). The sera
were tested at a single dilution of 1:800 on each plate so that direct comparisons of the
responses could be made. Each serum sample was applied to the plates before and after
absorption with S. epidermidis LTA. Absorption was performed by the addition of 50ul of
LTA (10mg/l) to 2 ml of each serum sample diluted 1:800 in TBS-Tween, incubating for 18
h at 4°C, and centrifuging at 10,000 g for 10 min to remove anti-LTA antibody / LTA
immune complexes. The remainder of the ELISA was performed by the method described
in 2.2.4. A statistical comparison (unpaired t-test) of the means of the absorbencies of the 2

panels of sera (absorbed and unabsorbed) against each antigen was made.
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2.2.7 Separation of the individual components of BHI-7 antigen by sodium

dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)

The composition of the individual components of the BHI-7 antigen and their contribution to
the ELISA reaction was investigated by separation on SDS-PAGE. Immunoreactive
fractions of culture supernatants (fractions 10 to 15) as determined by the crude ELISA
(2.2.4), were firstly pooled and freeze dried. Aqueous solutions of pooled fractions from
each strain (Img/ml dry weight) were denatured for 5 min at 100°C in an equal volume of
sample buffer containing SDS and mercaptoethanol. Following denaturation of the proteins,
15ul of each sample and molecular weight standards were loaded into lanes of 12% w/v
acrylamide gels (Lugtenberg et al., 1975) and electrophoresed at 200 V for 45 min in Mini-
Protean II apparatus (BioRad, Hemel Hempstead, Hertfordshire, U.K.). Gels were then

investigated for protein and polysaccharide bands, and also used for immunoblotting studies

2.2.8 Detection of protein and polysaccharide constituents by silver staining

The polyacrylamide gel was fixed in a solution containing 40% v/v ethanol and 5% v/v
acetic acid for 18 h. A solution containing 0.7% periodic acid in 40% v/v ethanol / 5% v/v
acetic acid was added for 45 min to oxidise any polysaccharide. After 3 washes in double
distilled water, staining reagent was added and the gel was agitated for 45 min at 37°C.
Staining reagent was prepared by the addition of 2ml of concentrated ammonium hydroxide
to 28ml of 0.1M NaOH followed by Sml of 20% w/v silver nitrate. The reagent was made
up to 150ml with double distilled water. The gel was washed 3 times in double distilled
water, followed by the addition of developing solution which contained 10mg citric acid,
0.1ml 37% v/v formaldehyde and 200ml of double distilled water. When the stain had
developed, the gel was washed with water and photographed immediately.
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2.2.9 Detection of antigenic components by immunoblotting

The components separated by SDS-PAGE were transferred onto a nitro-cellulose membrane
sheet (0.45um pore size, BioRad, U.K.). Transfer was performed in an ice-cooled transblot
buffer containing 25mM Tris, 192mM glycine and 20% v/v methanol pH 8.3. The
polyacrylamide gel and nitrocellulose membrane were rinsed briefly in transblot buffer and
placed between pre-soaked chromatography paper, scotch brite pads and support grids. The
immunoblot “sandwich” was placed in a transblot cell (BioRad Transblot apparatus)
containing transblot buffer at 4°C and a constant potential of 100V applied for 45 min.
Unbound sites on the nitrocellulose membrane were blocked with TBS-Tween for 2 h at
4°C. The TBS-Tween was removed and replaced with immune antisera diluted 1:400 in
TBS-Tween in which the blot was immersed for 18 h. The antisera was removed and the
blot washed 3 times in TBS-Tween buffer, after which bound IgG was detected by the
addition of protein-A horseradish peroxidase conjugate (50pg/ml) (Sigma, Poole, Dorset,
U.K.) for 2 h at 4°C. After washing. bands were visualised by the addition of chromogenic
substrate (10mg 4-chloro-1-naphthol (Sigma)), dissolved in 1ml methanol and diluted in
100ml of 0.01M Tris HCI (pH 7.4) containing 20ul of 6% v/v H,O,. After the appearance

of any bands, the reaction was stopped by the addition of distilled water.

2.2.10 Chemical characterisation of the antigen

Indirect evidence from the results of the previous experiments indicated that the BHI-7
antigen contained a small amount of protein which was non-immunoreactive; contained
hexose sugars; was of low molecular weight and negatively charged and was predominantly
LTA or an antigenically related substance. No structural determination of the LTA of CNS
has been reported, however the LTA of S. aureus consists of approximately 25 glycerol
phosphate units linked to a diglucosyldiacylglycerol glycolipid (Fischer, 1994).
Confirmation by direct chemical analysis of the BHI-7 antigen could not be performed due

to the presence of contaminating components derived from the BHI culture medium.
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Therefore, exocellular antigen was prepared for chemical analysis from a single strain (strain
1 CAN 6KIII, NCIMB 40896) after growth in the chemically defined medium, HHW. The
chemical nature of this material was investigated by negative electrospray mass

spectrometry, *'P and 'H NMR and chemical analysis of acid hydrolysed material.

2.2.10.1 Preparation of the antigen for chemical analysis

The method for antigen preparation was as described for the BHI-7 antigen (2.2.2).

Strain CAN 6KIII, NCIMB 40896 was cultured in 2 L of HHW at 37°C for 18 h on a rotary
shaker. Culture medium was recovered by centrifugation, freeze dried and reconstituted in
distilled water to 10-times the original concentration. Aliquots of 1ml were applied to the
Superose 12 column and eluted in water at 0.4 ml/min collecting 0.8ml fractions. Fractions
10 to15 were pooled and freeze-dried. Of the pooled fractions 10 to 15, 45ml yielded 5.5mg

dry weight of material as white powder, which was subjected to analysis.

2.2.10.2 Negative electrospray mass spectrometry

The position of elution of the antigen from the superose 12 FPLC column (fractions 10 to15)
indicated that the antigenic material was of high molecular weight (= 100 KDal from the
elution of standard protein markers). Conventional mass spectrometry only permits analysis
of molecules with mass / charge ratio up to 1600. However, the presence of a number of
negative charges (as on LTA) enables higher molecular weight substances to be analysed.
The electrospray technique does not break the molecule into fragments but detects the
relative abundance of molecules with different mass / charge ratios. The antigenic material
(0.1 mg) was dissolved in 1ml of methanol/water (95/5 v/v) containing 50ul ammonia (0.88
s.g.) and examined by negative ion electrospray mass spectrometry using a Hewlett Packard

MS 5989B mass spectrometer with a 59987A electrospray unit (Hewlett-Packard, Palo Alto,
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CA) operating at 10ul of sample per min. LTA from strain NCIMB 40896 and S. aureus

LTA (section 2.2.5) were also subjected to analysis.

2.2.10.3 P nuclear magnetic resonance (NMR) spectra to detect the presence of
phosphorus

3'P NMR analysis was performed using a Bruker AC-250 spectrometer (Bruker, Coventry,
U.K.) operating at 101.3 MHz. The *'P spectrum was obtained using 2mg of antigenic
material dissolved in D,O. The phosphorus chemical shift was measured at 20°C as parts

per million (ppm) relative to an internal standard of 85% phosphoric acid.
P PROSP.

2.2.10.4 "H NMR spectra to detect the presence of fatty acids

The 'H NMR spectrum was obtained using 2mg of antigenic material dissolved in dimethyl
sulphoxide (DMSO), (Sigma, Poole, Dorset, U.K.). The chemical shift of the signals in ppm
was measured relative to the DMSO signal at 2.5 ppm.

The mass spectrum and NMR data of the antigen from NCIMB 40896 suggested an LTA
structure analogous to that of S. aureus but with a much shorter glycerol phosphate chain
length. Chemical analysis of the material was undertaken to confirm the presence of the
structural components of LTA (fatty acids, glucose, glycerol and phosphate) and to

determine the ratio of each component.
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2.2.10.5 Analysis of fatty acids

Fatty acid content was determined by alkaline methanolysis and gas-liquid chromatography
(GC). One mg of antigenic material was suspended in 1 ml of 3.8 M NaOH in 50% aqueous
methanol in a glass hydrolysis tube. The tube was sealed and incubated at 100°C for 30 min
and then cooled to room temperature. Any fatty acids liberated were converted to the
corresponding fatty acid methyl esters (FAMEs) by the addition of 6 ml of 6 M HCI/
methanol (1:1) and heating at 80°C for 10 minutes. FAMEs were extracted with 1 ml
hexane/diethyl ether (1:1). The upper solvent layer was removed and placed in a glass tube
containing 3 ml of 0.3 M NaOH. After mixing by repeated inversion the organic phase was
recovered and transferred to a 2 ml glass sample tube. The solvent was evaporated to
dryness by the passage of nitrogen gas into the tube at room temperature. For quantitative
analysis by GC the sample was redissolved in 100 pl of hexane and 1 pl was loaded onto a
Hewlett Packard HP-1 capillary column (crosslinked methyl silicone gum, ID 0.32 mm, film
thickness 0.17 um, length 25 m) on a Unicam 610 series GC operating with 1:50 sample
splitting and flame ionisation detector (Unicam, Cambridge, United Kingdom). The column
temperature was programmed to maintain 150°C for 4 min then increased at 4°C per min to
250°C and held at this temperature for 2 min. The gas phase comprised helium at 6.5 psi
with nitrogen as the makeup gas. The flame ionisation detector used hydrogen and air, the
injector temperature was 200°C and the detector temperature was 280°C. Fatty acids were
identified and estimated quantitatively by comparison with the profile obtained for 1 pl of a
standard bacterial acid methyl esters CP™ mix containing 26 bacterial FAMEs (Matreya,
Pleasant Gap, PA) diluted in hexane to a concentration of 5 pg/ul. Integration readings were

calculated for each peak and the total amount of fatty acid in the original sample calculated.

2.2.10.6 Determination of hexose, phosphate and glycerol content

Hexose, phosphate and glycerol content were determined after acid hydrolysis of the

antigen. A 2.4 mg sample of the purified antigen was dissolved in 0.3 ml of 2M
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trifluoroacetic acid (TFA), the tube was sealed and heated at 100°C for 18 h. A white
precipitate formed when the TFA was initially added. After hydrolysis the TFA was
removed by repeated drying under vacuum with addition of water. The hydrolysis products
were then dissolved in 0.24 ml of water to give a concentration equivalent to 10 mg/ml of
original antigen. Samples of this TFA hydrolysate were subjected to different analyses to
determine the nature of hexoses present (as alditol acetates by gas chromatography ( GC))
and the relative amounts of hexose, phosphate and glycerol by quantitative colorimetric
assays. An empty hydrolysis tube was treated with TFA in the same way as the sample, this

was used in all assays as a control (hydrolysis blank).

2.2.10.7 Analysis of the nature of the hexoses by GC

The conversion of hexoses in the TFA hydrolysate to the alditol acetates and their
identification by GC was carried out to determine which sugars were present. The method
gave a qualitative estimation of the total amount of the alditol acetates. 0.1 ml of the TFA
hydrolysate (equivalent to 1mg of antigen) was placed in a glass tube with 50 pl of 3M
NH4OH. Three milligrams of sodium borohydride was added and the solution left in the
dark at 22°C for 18 h. One drop of glacial acetic acid was added to destroy excess
borohydride. The borate was converted to the methyl derivative by addition of methanol (0.5
ml) and rotary evaporated to dryness at 50°C. Another aliquot of methanol (0.5 ml) was
added and the sample again evaporated to dryness. Acetic anhydride (0.1 ml) was then
added to the dried alditol sample, the tube sealed and heated in an autoclave at 121°C for 3
h. Excess acetic anhydride was destroyed by adding water (0.4 ml) and the alditol acetates
were purified by passage through a Sep-Pak C18 cartridge (Waters, Milford, MA). The
cartridge was prepared by washing with acetonitrile (2 ml) followed by water (I ml). The
sample was loaded onto the cartridge, washed with 10% acetonitrile (2 ml) and eluted in
40% acetonitrile (2 ml). The eluted alditol acetates were rotary evaporated to dryness,
redissolved in chloroform (0.10 ml) and analysed by GC. One microlitre was loaded onto a
Supelco SP-2380 capillary column (ID 0.25 mm, film thickness 0.2 um, length 30 m) on a

Unicam 610 series GC operating with 1:100 sample splitting and flame ionisation detector.
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The column temperature was maintained at 250°C. The gas phase comprised helium at
6.5 psi with nitrogen as the makeup gas (flow rate 25.05 cm/sec). The flame ionisation
detector used hydrogen and air, the injector temperature was set at 200°C and the detector
temperature was set at 280°C. A mixture (1 pl) of the alditol acetates of mannitol, galactitol,
glucitol and inositol (5 mg/ml total in chloroform, Supelco, Bellefonte, PA) was run as a

standard giving retention times of 7.91, 8.66, 9.38 and 10.37 min respectively.

2.2.10.8 Estimation of the hexose content by phenol sulphuric acid assay

Assay of the total hexose in the TFA hydrolysate was carried out using the phenol sulphuric
acid reagent (Dubois ef al., 1956). Measured volumes of a standard glucose solution

(1 pg/ul) were placed in glass tubes to give a range of 0 to 50 pg of glucose per tube, the
volumes were then adjusted to 0.2 ml with water. Both 10 pl and 20 pl samples of the TFA
hydrolysate and blank hydrolysate were placed in separate tubes and the volumes also made
up to 0.2 ml with water. In addition, 50 pl of 8% w/v aqueous phenol solution was added to
each tube followed by 0.5 ml of concentrated sulphuric acid. The tubes were allowed to
stand for 10 min then transferred to a water bath at 30°C for 20 min. The absorbance was
then measured at 492 nm and the amount of hexose (as glucose) present in the sample was

calculated from the standard glucose calibration curve.

2.2.10.9 Estimation of the phosphorus content

Phosphorus present in the sample TFA hydrolysate was measured as phosphate after
treatment with alkaline phosphatase to release phosphate from any remaining glycerol
phosphate residues. 0.1ml samples of the TFA hydrolysate and the hydrolysis blank were
treated with 10 pl of an aqueous solution (1 mg/ml) of alkaline phosphatase (calf intestinal
phosphomonoesterase, Sigma, Poole, Dorset, U.K.) for 2 h at room temperature. Both 5 pl
and 10 pl samples were then placed in glass tubes. Separate tubes were prepared which

contained 1 to 5 pg of phosphorus made from a standard solution containing 10 pg/ml
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phosphorus (prepared by making a stock solution of 87.8 mg of KH>PO, in 100 ml water
and diluting 5 ml of this solution to 100 ml with water). Colour reagent was prepared by
mixing 3 M sulphuric acid (10 ml) with 2.5% w/v ammonium molybdate (10 ml) and adding
to 1 g of ascorbic acid. One ml of the colour reagent was added to each tube and incubated
at 37°C for 1.5 h. The absorbance was read at 750 nm and the total phosphorus content of

the sample calculated from the standard curve.

2.2.10.10 Estimation of the glycerol content

The glycerol content of the TFA hydrolysate was determined by periodate oxidation and
measurement of the formaldehyde released with chromotropic acid. 100 pl of glycerol
standard containing 2 to 20 pg glycerol, 10 pl of TFA hydrolysate and blank hydrolysate
were placed in separate glass tubes. In addition, 20 pl of concentrated sulphuric acid was
added followed by 20 pl of 0.1 M aqueous sodium periodate. The tubes were allowed to
stand at room temperature for 5 min. Twenty microlitres of 10% w/v aqueous sodium
bisulphite was added followed by 0.5 ml of chromotropic acid solution (containing 0.1 g of
chromotropic acid in 10 ml of water and 45 ml of concentrated sulphuric acid). The tubes
were heated at 100°C for 30 min, cooled and 50ul of saturated aqueous thiourea added. The
absorbance was then measured at 570 nm. The amount of glycerol in the TFA hydrolysate

was calculated from the standard curve.
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2.3 Results

2.3.1 Bacterial isolates

The phenotypic characteristics of the 7 strains of CNS selected for inclusion in the BHI-7
antigen, along with the corresponding NCIMB details are shown in table 2.0.

Table 2.0  Phenotypic characteristics and NCIMB details of the 7 strains of CNS
included in the preparation of the BHI-7 antigen

Strain | Designation | Biotpye API Slime NCIMB
profile production* Accession No
1 CAN 6KIII | S. epidermidis 6706113 + 40896
2 HAR 6KIV | 8. epidermidis 6306152 . 40945
3 COS 6KV S. epidermidis 6706112 | + 40946
4 MIL 6LI S. epidermidis 6706113 | - 40947
5 HED 6LIIl | S. epidermidis 6706113 | + 40948
6 ONE 6KVI | S. haemolyticus 6632151 - 40949
7 MAT 6LII | Micrococcus kristinae | 6310114 | + 40950

* Slime production determined by the colonial morphology of the strains on congo red agar

(section 9.2.4)
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2.3.2 Protein and hexose content in fractions 1 to S0 of CAN 6KIII grown in BHI

The protein and hexose content in the 50 fractions of CAN 6KIII eluting from the FPLC
column are shown in figure 2.0. The large peaks of material in fractions 20 to 40 represent
hydrolysed protein components of the BHI and were also present in the elution profile when
fresh uninoculated BHI was applied to the column (section 2.2.3). Fractions 10 to 15,
eluting immediately after the void volume of the column, contained hexose and a limited

amount of protein.

Figure 2.0 Purification of exocellular antigen from CAN 6KIII brain heart infusion
culture medium. Elution profile of culture supernatant from a Superose 12 gel

permeation column. Fractions 1 to S0 were assayed for hexose and protein.
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2.3.3 Detection of antigenic material in fractions 1 to 50 eluting from the gel
permeation column. Analysis was performed on elution fractions of the 7 strains

of CNS, commercial and laboratory prepared LTA and uninoculated BHI.

The gel permeation elution profiles of the exocellular antigen in the 50 fractions obtained for
the 7 strains of CNS, S. aureus LTA, S. epidermidis LTA and BHI are shown in figures 2.1
to 2.10. In each case the profiles comprised of a major peak of antigen in fractions 10 tol5.
In addition, the strains HED 6LIII, HAR 6KIV, CAN 6KIII, MIL 6LI and MAT 6LIII had a
secondary peak of antigenic material between fractions 20 to 25. Both of the LTA samples

(S. aureus and S. epidermidis) resulted in single broad antigen peaks in fractions 10 to 15,
whilst the BHI control did not comprise of any immunoreactive material between the

fractions.

Figure 2.1 Superose 12 gel permeation profiles
of exocellular antigen of strain HED 6LIII grown
in brain heart infusion broth
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Figure 2.2 Superose 12 gel permeation
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6KV grown in brain heart infusion broth
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Figure 2.3 Superose 12 gel permeation
profiles of exocellular antigen of strain CAN
6Klll grown in brain heart infusion broth
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Figure 2.4 Superose 12 gel permeation
profiles of exocellular antigen of strain HAR
6KIV grown in brain heart infusion broth
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Figure 2.5 Superose 12 gel permeation
profiles of exocellular antigen of MIL 6LI
grown in brain heart infusion broth
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Figure 2.6 Superose 12 gel permeation
profiles of exocellular antigen of ONE 6KVI
grown in brain heart infusion broth
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Figure 2.7 Superose 12 gel permeation
profiles of exocellular antigen of strain MAT
6LIl grown in brain heart infusion broth
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Figure 2.9 Superose 12 gel permeation
profiles of S. aureus LTA obtained from
Sigma, Poole, Dorset UK.
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Figure 2.10 Superose 12 gel permeation
profiles of S. epidermidis LTA (phenol
extracted)
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2.3.4 Competitive ELISA of LTA absorbed serum against a panel of antigens (BHI-7,
HHW6, LTA)

A comparison of the means of serum absorbancies from patients with CRS and the control

group in a competitive ELISA is shown in tables 2.1 and 2.2.

Table 2.1 Comparison of IgG ELISA mean serum absorbancies from patients with
CRS (n=27) and controls (n=14) before and after absorption with LTA.
Serum tested against BHI-7, HHW6 and LTA antigens.

Antigen CRS patients control patients
mean absorbance (450nm) mean absorbance (450nm)

before and after absorption with | before and after absorption with

LTA LTA
Before After Before After
BHI-7 0.4040 0.1766 0.2859 0.1357
HHW6 0.2760 0.1303 0.1541 0.1012
LTA 0.5631 0.1272 0.0987 0.0848
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Table 2.2

Statistical analysis (unpaired t-test) of IgG ELISA mean serum

absorbancies from patients with CRS and controls before and after
absorption with LTA. Serum tested against BHI-7, HHW6 and LTA

antigens.

Antigen | Difference in means Difference in means
CRS patients (n=27); controls (n=14) CRS patients (n=27); controls (n=14)
After absorption with LTA
BHI-7 0.2275, p<0.0001 0.1502, p<0.0001
HHW6 | 0.1367, p<0.0001 0.0529, p<0.0001
LTA 0.4359, p<0.0001 0.0139, p<0.0259

A significant difference in 1gG ELISA absorbancies was achieved between patients with

CRS and controls with BHI-7, HHW6 and LTA antigen preparations. In addition, the serum

absorbancies were considerably reduced in the ELISA following a single absorption with

LTA prior to assay. The reduction in absorbancies in the assays were as follows:

BHI-7 = 70% reduction
HHW6 = 44% reduction
LTA = 83% reduction
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2.3.5 Analysis of the individual components of BHI-7 by SDS-PAGE

and silver staining

The silver stained polyacrylamide gel containing lanes of separated antigen from the 7
individual strains of CNS is shown in figure 2.11. Antigen preparation from each strain
contained some protein as shown by sharp bands on the stained gel.

Figure 2.11 Individual components of BHI-7 by SDS-PAGE on 12% polyacrylamide
silver stained gel. Lanes 1-7 contain 10pul of purified antigen (pooled fractions 10 to 15

as in figures 2.1 to 2.7) from the 7 strains of coagulase negative staphylococci.

Protein
bands

Lane 1 2 3 - 5 6 7

98



2.3.6 Analysis of the individual components of BHI-7 by SDS-PAGE

and immunoblotting

The western blot containing lanes of separated antigen from the 7 individual strains of CNS
after immunoblotting is shown in figure 2.12. The dominant antigenic material migrated as
fast-moving, low molecular weight and negatively charged, and is shown as diffuse bands of
immunoreactive material at the bottom of the gel in figure 2.12. This indicates that the
antigen is neither protein, which is present in small amounts but not immunoreactive
(compare figures 2.11 and 2.12), nor polysaccharide which should be detected by silver

staining and would migrate more slowly on the gel.

Figure 2.12 Individual components of BHI-7 by SDS-PAGE on 12% polyacrylamide
and probed with serum from a patient with defined catheter-related sepsis. Lanes 1-7
contain 10pl of purified antigen (pooled fractions 10 to 15 as in figures 2.1 to 2.7) from

the 7 strains of coagulase negative staphylococci.
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2.3.7 Chemical analysis of the antigenic material prepared from

CAN 6KIII cultured in HHW

2.3.7.1 Negative electrospray mass spectrophotometry

The position of elution of the antigen from the Superose 12 gel permeation column in
fractions 10 tol5 suggested that the material has a high molecular weight (estimated as
>100,000 Daltons from the elution of standard protein markers). The negative ion
electrospray mass spectra of FPLC fractions 10 to 15 for CAN 6KIII, is shown in figure
2.13. Major fragments of mass/charge (m/z) peaks at 804 and 1206 were obtained in
fractions 10, 11 and 12. The other fractions (9, 13, 14, 15) contained a limited amount of
detectable material. The m/z peaks of 804 and 1206 (difference of 402) were deconvoluted
by the Hewlett Packard electrospray software to give an actual mass for the material present
in the fractions of 2415.16 with a negative charge of 6 (Fenn et al., 1990). Pooled fractions
10-15 from the control of HHW medium alone gave no peaks of abundance greater than
300. In contrast, the phenol extracted LTA from strain CAN 6KIII did not give m/z peaks at
804 and 1206. Instead, the mass spectrum contained a single major peak at 450 together
with other minor peaks which were deconvoluted to give a total mass of 18,474.59 and a
total negative charge of 40 to 42. The LTA from S. aureus gave numerous peaks of low
abundance which were deconvoluted to three separate masses of 19,492.60, 7395.83 and

6,273.05 and estimated negative charges of 58 to 59, 21 to 22 and 19 to 20 respectively.

2.3.7.1.1 Manual calculation of the charge state of the individual ions and molecular

mass of CAN 6KIII (Hewlett-Packard, 1994)

n = charge status of ion n/>n2
m = the m/z ratio of the ion mI/<m2
x = molecular weight of the adduct ion, typically H" (1.008)

M = molecular weight of the compound
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Therefore:

m; = 804
m; = 1206
X =1.008

M =m(m; — x)
M = 802.992n,
M =1204.992n,

Determination of the number of charges on the ion (charge status)

802.992n, = 1204.992n,
butn; =n; + 1

802.992 (n; + 1) =1024.992n,
802.992 = 402n,

n; = 2 (applied to 1206 peak)
n; = 3 (applied to 804 peak)

Determination of molecular mass of CAN 6KIII

M = ny(m; — X)
M=2(1206-1)
M = 2410

overall charge= 6
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Figure 2.13 Negative electrospray mass spectrum of CAN 6KIII (NCIMB 40896)
grown in HHW, S. epidermidis LTA, and S. aureus LTA.
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2.3.7.2 *'P NMR analysis.

The ~'P spectrum of the pooled FPLC fractions 10 to 15 for strain CAN 6KIII (freeze dried
and dissolved in D,0O to 2 mg/ml) is shown in figure 2.14. The spectrum contained two
major signals at 6.33 and 3.01 ppm together with a number of smaller peaks, confirming the
presence of phosphorus in the material. The chemical shifts of the peaks suggest the

presence of phosphate esters in which the phosphorus atoms occur in a number of different

magnetic environments.

Figure 2.14 *'P spectrum of CAN 6KIII grown in HHW
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2.3.7.3 "H NMR analysis.

The '"H NMR spectrum is shown in figure 2.15. The signals at 0.8 and 1.21 ppm are typical
of aliphatic protons CHj; and (CH,), present in methylene chains and are similar to those
reported for the fatty acid moiety of LTA (Batley et al., 1987). Peaks at 3.459 ppm and

2.489 ppm are from contaminating water and dimethylsulphoxide respectively.

Figure 2.15 'H spectrum of CAN 6KIII grown in HHW
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2.3.7.4 Fatty acid analysis

The fatty acid composition of the antigenic material from CAN 6KIII grown in HHW is
shown in table 2.3. The total amount of fatty acid present in the antigen was 36 pg/mg
(0.31pmol/mg, assuming an average carbon chain length of 16 from table 2.3). Fatty acid
analysis of the whole cell pellet of CAN 6KIII was similar to those reported for

S. epidermidis (Behme et al., 1996).

Table 2.3 The fatty acid composition of the antigenic material from CAN 6KIII
grown in HHW

Fatty acid Retention | Relative amount
time (min) | (%)
13-methyltetradecanoate (iso-15:0) 11.0 2.5
12-methyltetradecanoate (anteiso-15:0) 11.2 37.8
15-methylhexadecanoate (iso-17:0) 16.0 8.8
cis-9-octadecanoate (18:1) 18.3 0.8
Octadecanoate (18:0) 19.0 4.5
Unidentified 20.4 23
cis-9,10-methyleneoctadecanoate  (19:0 | 20.6 13.1
cycloprop)
Eicosanoate (20:0) 234 26.6
Unidentified 25.0 3.4
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2.3.7.5 Analysis of the nature of the hexoses (alditol acetates) by GC

The antigenic material contained a major peak of retention time 9.38 min, which ran close to
that of the glucitol standard. In addition, there were 9 minor peaks detected on the
chromatogram, which were also present in the hydrolysis blank. The antigen therefore was

presumed to contain glucose as the major hexose component.

2.3.7.6 Determination of hexose content by phenol sulphuric assay

The amount of hexose (as glucose) was calculated from the standard glucose curve. In 20ul
of the TFA hydrosylate, 16.7ug of glucose was present. This equated to 84pg of glucose per

mg of antigenic material.

2.3.7.7 Determination of the phosphorus content

The amount of phosphorus present in the antigenic material was calculated from the
standard curve. In 10ul of the TFA hydrosylate, 3ug of phosphorus was detected. This
equated to 30ug of phosphorus per mg of antigen.

2.3.7.8 Determination of the glycerol content

The amount of glycerol present in the antigenic material was calculated from the standard
curve. In 10ul of the TFA hydrosylate, 6.7 pg of glycerol was detected. This equated to 67
g of glycerol per mg of antigen.
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2.3.7.9 Ratio of constituents of the antigen
The combination of results from the chemical analyses gave the following ratios:

Glycerol 0.73 umol/mg (67 pg/mg)
Phosphorus 1 pmol/mg (30 pg/mg)
Glucose 0.46 pmol/mg (0.84 pg/mg)
Fatty acid 0.31 pmol/mg* (36 pg/mg)

*assuming an average carbon chain length of 16 (table 2.3)

The following molar ratio of the constituents was therefore indicated:

5 glycerol units: 6 phosphorus (as phosphate): 2 fatty acids: 3 glucose
The molecular weight of each component analysed and the total molecular weight of the

antigen based on the chemical analyses is shown in table 2.4

Table 2.4 Molecular weights of the constituents of the antigen and relative ratios as

determined by chemical analysis

Component | No. of mols | Molecular wt. of unit Weight in antigen
Glycerol 57 74 444

Phosphate 6 80 480

Glucose 3 162 486

Fatty acid 2 241 482

Total molecular weight of antigenic material 1892

**assuming 1 glycerol also present as diglyceride
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2.4 Discussion

Each of the 7 strains of CNS, as were identified by APl STAPH (bioMérieux, Marcy-
[’Etoile, France), produced exocellular antigen in BHI which eluted from the Superose 12
gel permeation column as high molecular weight material immediately after the void volume
in fraction 9. Analysis of fractions 1 to 50 for hexose and protein content indicated that
fractions 10 to 15 contained hexose and a limited amount of protein. Probing of the
fractions that eluted from the column with serum from a patient with CRS indicated that
antigenic material was present in fractions 10 to 15 of all 7 strains (figures 2.1 to 2.10). This
was reflected by a major peak of absorbance between the fractions in a crude ELISA. In
addition, secondary peaks of absorbance were also observed between fractions 20 to 25 from
the exocellular material from 5 of the strains, indicating a second antigen of lower molecular
weight. Results obtained from the competitive ELISA studies suggest that the high
molecular weight antigen in fractions 10 to 15 is LTA or a material sharing similar
characteristics. Elution as high molecular weight material on gel permeation could be
explained by the formation of micelles, through the aggregation of the fatty acid components
in solution. In addition, lower molecular weight long chain “free” LTA or deacylated LTA
that has lost some or all of its fatty acid component, might account for the secondary peaks

of antigen eluting from the column after the micelles.

The reaction of the pooled BHI-7 antigen with immune serum in a competitive ELISA
incorporating a panel of antigens, was inhibited by pre-incubation of the serum with LTA
prepared from S. epidermidis NCIMB 40896. This suggests that the antigen present in
fractions 10 to 15 either contained LTA or shared antigenic determinants with LTA. Failure
to decrease the absorbance on plates coated with BHI-7 (and HHW6) to the level observed
on LTA coated plates, indicated additional antigenic determinants in these preparations
compared with purified LTA. Alternatively, antigenic sites on the LTA component of BHI-7
(and HHW6) preparations may be blocked by binding to other components, such as the

small amount of protein as indicated by the Folin-Lowry assay and silver stained gels
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following SDS-PAGE (figure 2.11). Further evidence supporting the hypothesis of the
antigen being LTA (or similar) in nature, was gained by probing the SDS-PAGE gels
containing the separated fractions of strains 1 to 7 with immune sera (figure 2.12). The
results suggested that the antigenic material was fast migrating, of low molecular weight,
and negatively charged. However, the small amount of antibody binding to the 24 kDal
protein might reflect genuine antigenicity of this protein or the co-migration of a portion of

the fast migrating antigenic material.

Negative ion electrospray mass spectrometry on the column fractions 10 to 15 gave common
m/z peaks at 804 and 1206. These peaks (differing by 402 m/z units and multiples of 402)
indicate the presence of material of total mass 2414 and 6 negative charges. Similar peaks
were not detected in either of the LTA samples. Indeed, the mass spectra show that the S.
aureus LTA obtained from Sigma is heterogeneous with respect to size. The S. epidermidis
LTA (prepared by phenol extraction of whole cells) was homogeneous in size but was
significantly larger than the antigen recovered from the culture supernatant of CAN 6KIII.
To distinguish the exocellular antigen from the cellular LTA, it has been designated as “lipid

S” (figure 2.16).
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Figure 2.16 Schematic representation of the potential structure of lipid S.
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The positions at which the lipid S eluted from the Superose 12 column indicate a high
molecular weight, which is not consistent with the values determined by mass spectrometry.
LTA molecules behave as high molecular weight species on gel permeation chromatography
due to micelle formation in solution. The critical micelle concentration reported for LTA of
5 x 10® M (Fischer, 1994) would be exceeded at the concentrations used during gel
permeation chromatography. The lipid S preparation eluted from the column just before the
higher molecular weight LTA, suggesting that lipid S forms larger micelle clusters than
LTA. An alternative explanation is that lipid S is bound to other high molecular weight

material produced by the organisms in the culture medium such as excreted proteins.

LTA of S. aureus comprises a polyglycerophosphate teichoic acid chain of approximately 28
units linked via a diglucosyl unit to diacylglycerol (Fischer, 1994). Although a detailed
structure of S. epidermidis LTA has not been reported, the mass spectra results indicated that
the S. epidermidis LTA has a longer chain length than that of S. aureus. By contrast, the
lipid S antigen recovered from the culture medium of CAN 6KIII had a much shorter chain
length of just 6 glycerophosphate units. Evidence supporting this short chain length
structure was provided by chemical analysis of acid hydrolysates of lipid S. Despite the
variation likely in the analyses (estimated as to be +/- 10% based on volume and weight
measurements) and the possible loss of material during hydrolysis, the results suggested that
lipid S comprised a glycolipid (for example, diglucosyldiacylglycerol) linked to a glycerol
phosphate chain of 6 units. However, the chemical analysis did not account for all of the
material present in the antigen on a weight basis. This may be partly due to the losses during
hydrolysis, but also to the presence of other components of the LTA which were not
analysed (D-alanyl esters or N-acetylglucosamine substituents on the glycerol phosphate
chain). The negative electrospray mass spectrum indicated a total mass of 2415 with 6
negative charges. The calculated molecular mass for the structure containing 6 glycerol
phosphate units would be 1892. Therefore additional mass units of 522 need to be identified
to account for the molecular weight of 2415. The two possible candidate components not
analysed (N-acetylglucosamine and D-alanine) have masses of 203 and 61 respectively.

With 6 potential glycerol units available for substitution, the presence of a combination of
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these additional components on the glycerol units could account for the extra molecular
weight (e.g. 2 x N-acetylglucosamine, molecular weight 406, and 2 x D-alanine, molecular
weight 122). The uncertainty in assigning a precise molecular mass could be attributed to

the range of fatty acids present (table 2.3).

The 3’IP NMR spectrum of lipid S supports the presence of phosphate esters and is

consistent with the polyglycerol phosphate structure of the teichoic acid chain. Similar p
spectra have been reported for LTA from a range of organisms (Batley et al., 1987). The
splitting of the peaks is thought to indicate high flexibility in the glycerophosphate chains
rather than different chemical linkages of the phosphates. One explanation is the variation in
substituents on the 2-position of the glycerol units in the poly(glycerophosphate) chain.
Phosphate esters on unsubstituted glycerols give a signal at higher ppm than phosphates on

glycerol units bearing alanine substituents.

The possible origin of lipid S and its relation to LTA based upon the biosynthetic pathway
for LTA in S. aureus (Fischer, 1994), needs to be considered. The glycerophosphate units
that make up the teichoic acid chain of LTA are added sequentially from the phospholipid
phosphatidyl glycerol, to the glycolipid diglucosyldiacylglycerol in the cytoplasmic
membrane. A range of shorter chain length LTA analogues would therefore be synthesised
within the cells during the assembly of the LTA. The isolation of a short chain length form
of LTA from the culture medium is a novel finding suggesting that this material is
specifically released from the cells. Long chain length LTA was recovered from whole cells
using conventional phenol extraction methods. If this long chain length LTA had also been
present in the culture medium, it would have been detected as full chain length LTA during

the characterisation.

Owing to their structure, LTAs display peculiar physiochemical properties. The large
hydrophilic moiety renders them less hydrophobic than membrane lipids and this is reflected
by the critical micellar concentration, which is higher for LTA. This comparatively low
hydrophobicity of LTA is one possible reason for its spontaneous loss from the membrane

of dividing bacteria into the surroundings (Fischer, 1994), and hence the presence of lipid S
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in culture supernatants. In addition, the loss of LTA may be greatly stimulated by the action
of beta-lactam antibiotics, which account for half of the antimicrobials used to treat infection
(Wilks, 1997). In infections, released LTA may interact with humoral and cellular
components of the mammalian host (Fischer, 1994). When released from bacterial cells,
LTA stimulates a range of responses in the host. LTA elicits a humoral response, it also
activates the complement system in an antibody independent manner and stimulates blood
monocytes and macrophages (Fischer, 1994). In addition LTA stimulates the induction of
cytokines, chemokines and inducible nitric oxide synthase which are presumed to mediate
Gram-positive shock (Kengatharan er al., 1998). Indeed, because of the structural similarity
between lipid S and LTA and the quantity of lipid S released from cells, it may be that lipid
S is responsible for many of the physiological functions ascribed to LTA.

In summary, a novel exocellular glycolipid antigen has been isolated from the culture
supernatants of 7 strains of CNS. Characterisation studies suggest that the antigen is a short
chain LTA with a structure analogous to that of S. aureus LTA. However, further analyses
are required to determine the nature of the components which may account for the molecular
weight differences as determined by electrospray mass spectrophotometry and chemical
analysis. The serodiagnostic potential of the antigen for deep-seated Gram-positive
infection including CRS, prosthetic hip infection, pyogenic spondylodiscitis and
endocarditis is investigated in the following chapters. In the forthcoming chapters of this
thesis where other experimental work was concurrent with the characterisation of the
antigen, the antigen is referred to as BHI-7. However, in the concluding chapters following

its characterisation, the antigen is referred to as lipid S.
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Chapter 3 Development of an indirect enzyme linked immunosorbent
assay for the serological diagnosis of catheter-related sepsis due to

staphylococci.

3.1 Introduction

The enzyme linked immunosorbent assay (ELISA) developed by Lambert er al. (1996),
incorporated non-protein antigenic material prepared from 1 strain of S. epidermidis which
was isolated from a patient with an orthopaedic infection. The ELISA was subsequently
used to investigate the IgG antibody levels in different patient groups including those with
prosthetic joints infected with S. epidermidis and S. aureus, those with uninfected prosthetic
joints, and healthy adults. Increased levels of IgG antibody were detected by the ELISA in
patients with infected prosthetic joints as compared to those with uninfected prosthesis and
healthy patients. However, no investigations had been undertaken to examine the quality
control of the ELISA, the reproducibility of the results, or methods of end-point
determination (Lambert, personal communication). In addition, the IgM response in the

patients had not been investigated.

When developing a new assay several parameters need to be assessed. The microtitre tray
should be evaluated for reproducibility of results across the plate (intratest), as well as
between plates (intertest) and the coefficient of variation (COV) determined. The COV,
which is also referred to as the coefficient of error, expresses the standard deviation as a
proportion of the mean and is applicable to the quality control of ELISA (Balfour and
Harford, 1990). The COV can be used to compare assay results and acts as a measure of
confidence in any individual assay by reflecting both its accuracy and reproducibility. A
COV of <10% is acceptable in ELISA, but a level of <5% should be aimed for (Wood and
Wreghitt, 1990). However, a level of variation of <5 % in an assay may be difficult to
achieve, especially if a non-protein antigen is bound to the solid phase (Wood and Wreghitt,
1990).
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The coefficient of variation is expressed as:

COV=§ x100%
X

where S = standard deviation

X = mean value of a set of measurements

Other parameters that can influence ELISA performance include the choice of solid phase to
which the antibody or antigen is bound. The solid phase is available in a variety of materials
including polystyrene, nylon, polyvinyl and polycarbonate, which may be gamma irradiated.
Results can also vary between wells on the same plate and between plates of the same batch
(Wood and Wreghitt, 1990). Due to these variations, a solid phase should be used which is
specifically manufactured for ELISA and the variation of results across the plate and
between plates assessed. The choice of buffer used to coat the antibody or antigen to the
solid phase may also influence how the molecules adsorb. The buffers used include
carbonate/bicarbonate pH 9.6, phosphate buffered saline pH 7.2 and tris-saline pH 8.5.
Antigen prepared from different sources or batches can also vary considerably and influence
ELISA results. The antigen should remain stable throughout the assay, retain its
antigenicity, and not dissociate from the solid phase on storage. This however will depend
on the storage temperature, the nature of the antigen bound to the solid phase and the coating
buffer used. These parameters highlight the need for quality control systems within the

ELISA

The aim of this section of the study was to firstly modify and further develop the original
ELISA (Lambert et al., 1996) by incorporating antigenic material prepared from culture
supernatants of 7 strains of CNS grown in brain heart infusion broth (BHI) (chapter 2). The
strains used in the preparation of the antigen (BHI-7) were isolated from the blood cultures

of patients with clinically defined catheter-related sepsis, and were chosen with a view to
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utilising the assay to investigate the serological response in patients with the infection. The
number of isolates of CNS used to prepare the antigenic material was increased from the
original work of Lambert et al. (1996) to include isolates with different phenotypic
characteristics including biotype and slime production. An investigation of the IgM and IgG
response in selected positive and negative control sera was undertaken to assess the
suitability of the samples as internal control sera. In addition, the ELISA intratest / intertest
variation, and method of end-point determination was investigated to assess the

reproducibility and robustness of the modified ELISA.
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3.2 Methods and Materials

3.2.1 Preparation of stock solutions and reagents

All chemicals and reagents used in the ELISA system were obtained from Sigma, Poole,

Dorset, U.K. unless otherwise stated.

3.2.1.1 TBS-Tween buffer (0.01M Tris-HCI pH 7.4, 0.9% NaCl w/v,

0.3% Tween 20 v/v)

A 10 times concentrated solution was prepared and diluted 10 fold prior to use with distilled
water. Trishydroxymethylamino methane (Tris) (12.1g) was dissolved in 800ml of distilled
water and 90g of NaCl added. Thirty millilitres of Tween 20 was then added and dissolved
by stirring. The pH of the buffer was adjusted to 7.4 with concentrated hydrochloric acid
(BDH Ltd.) and the volume made up to 1 litre with distilled water. The buffer was

autoclaved at 121°C for 15 minutes and stored at 4°C.

3.2.1.2 Citrate-acetate buffer

Sodium acetate trihydrate (13.6g) was dissolved in 800ml of distilled water (0.1 M sodium
acetate). A separate solution of 0.1 M citric acid was prepared by dissolving 10.5g of citric
acid in 500ml of distilled water. The pH of the sodium acetate solution was then adjusted to
6.0 by addition of 0.1 M citric acid and the final volume made up to 1 litre with distilled

water. The buffer was autoclaved at 121°C for 15 minutes and stored at 4°C.
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3.2.1.3 Carbonate buffer

0.1 M sodium carbonate was prepared by dissolving 5.3g of sodium carbonate in 1litre of
distilled water. Sodium bicarbonate (4.2g) was dissolved in 1 litre of distilled water. The
sodium carbonate solution was added to the sodium bicarbonate solution until a pH of 9.6

was achieved. The buffer was then autoclaved at 121°C for 15 minutes and stored at 4°C.

3.2.1.4 Protein-A horseradish peroxidase conjugate

One milligram of the freeze-dried protein-A peroxidase conjugate was dissolved in 4ml of

TBS-Tween buffer (0.25mg/ml), dispensed into 50ul aliquots and stored at -20°C. Prior to

use, the conjugate was thawed and diluted in 50 ml of TBS-Tween buffer (in-use

concentration 0.25ug/ml).

3.2.1.5 Goat anti-human IgM peroxidase conjugate

One millilitre of anti-human IgM peroxidase conjugate was diluted into 4ml of TBS-Tween

buffer and stored at -20°C in 50pul aliquots. The conjugate was diluted to 1:5,000 for use by
the addition of one 50ul aliquot to 50 ml of TBS-Tween.
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3.2.1.6 Chromogenic substrate

Ten milligrams of 3.3'.5,5'-tetramethylbenzidine was dissolved in Iml of dimethyl
sulphoxide. Fifty microlitres of 3% hydrogen peroxide (Thornton and Ross, U.K) was added
and the substrate was then made up to 100ml with the citrate-acetate buffer giving a final

concentration of 0.1mg/ml. The chromogenic substrate was prepared fresh when required.

3.2.2 Preparation of the BHI-7 antigen by fast protein liquid chromatography
(FPLC)

Antigenic material used to coat microtitre plates was prepared as described in section 2.2.2.
However, to prepare the BHI-7 antigen, the culture supernatants from each strain were

pooled together prior to FPLC.

3.2.3 Preparation of the BHI-7 antigen coated microtitre plates

A 1ml aliquot of frozen FPLC-purified BHI-7 antigen was thawed at room temperature and
diluted 100 fold in carbonate buffer. The antigenic concentration when diluted in 100
volumes of buffer was Spug/ml (Lambert, personal communication). One hundred microlitres
of the diluted antigen was dispensed into each well of a 96-well flat bottomed microtitre
plate (Immulon 2, Dynex Technologies, Chantilly, VA) to provide 0.5ug of antigen per well.

One millilitre of BHI-7 antigen diluted in 100ml of carbonate buffer was sufficient to coat
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the wells of 10 microtitre plates. The plates were stored at 4°C for 18 h for antigen binding
to the polystyrene surface of the wells to occur (Lambert ef al., 1996). The residual antigen
was then removed, and the plates washed 3 times in TBS-Tween buffer with an ELP-40
automated plate washer (Launch Diagnostics, U.K.). Unbound antigen sites in the wells of
the plates were blocked by filling the wells with TBS-Tween buffer and allowing the plates
to stand at 4°C for 1 h, after which, the buffer was removed and the coated plates stored at -

20°C until required.

3.2.4 Selection of the BHI-7 ELISA internal quality control standards

The positive control serum sample was obtained from a patient with a clinical diagnosis of
CRS including localised signs of infection and pyrexia. Laboratory diagnosis confirmed the
clinical suspicion with repeated isolation of S. epidermidis from blood culture samples and
isolation of the same organism from the distal tip of the CVC. The negative control sample
obtained was “normal human serum” (NHS) (Bradsure Biologicals, U.K.), prepared from a
pool of serum samples from healthy blood donors and is used routinely in antibiotic assay

serum binding studies.

120



3.2.5 The ELISA method for the detection of antibodies to the BHI-7 antigen

All solutions used throughout the ELISA attained room temperature before use. An initial
1:400 serum dilution was performed on all test samples and controls (Spl of serum diluted
into 2 ml of TBS-Tween). One hundred microlitres of TBS-Tween was added to all wells of
a BHI-7 coated microtitre plate except for the first column. Two hundred microlitres of the
diluted test samples and controls were then added to the first column of the plate and then
titrated from column 2 to 11 by serial transfer of 100 pl. Column 12 contained 100ul of
TBS-Tween only and was used to blank the assay. The plates were covered with an acetate
plate sealing strip and stored at 4°C for 18h, after which, they were washed 3 times in TBS-
Tween using the ELP-40 plate washer. The wash cycle also included a 30s hold time in

between washes (Wood and Wreghitt, 1990).

For the detection of IgG antibodies, 100ul of protein A-horseradish peroxidase conjugate
was added to all of the wells. For the detection of IgM, 100ul of goat anti-human IgM
peroxidase conjugate was added to all the wells. The plates were stored at 4°C for 2 h to
allow the conjugate to bind, after which, they were washed 4 times in TBS-Tween to remove
the unbound conjugate. The ELISA was developed by the addition of 100ul of the
chromogenic substrate to all of the wells. This stage was incubated at room temperature for
10 minutes until the colour had developed sufficiently. The reaction was stopped by
addition of 100pl of 1M sulphuric acid (BDH chemicals, U.K). The product, which was
yellow, was measured immediately at 450nm using a Titertek plate reader (Life Sciences,
U.K.). The optical density readings were plotted against the corresponding serum dilution
using computer software (Microsoft  Excel). The antibody titre was determined as the

serum dilution required to reduce the absorbance to 0.1 (Lambert et al., 1996).
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3.2.6 Determination of the IgM and IgG titres of the internal quality standards to

BHI-7 antigen and an investigation of ELISA intratest variation

As a pilot study, the assay was performed using only the positive and negative standards
(3.2.4) to investigate the BHI-7 ELISA intratest variation and also the suitability of the
chosen internal standards. Four microtitre plates coated with BHI-7 antigen (3.2.3) were
removed from —20°C and allowed to reach room temperature. The positive and negative
controls were titrated a total of 8 times each on separate plates and the COV determined.

The titres for both IgG and I1gM classes of antibody were measured.

3.2.7 An assessment of the BHI-7 ELISA intertest variation with plates incorporating
different preparations of antigen, freshly bound to the solid phase and stored

coated to the solid phase for 2 weeks at -20°C.

Ten samples of serum were chosen at random from the patients described in chapter 4.
Microtitre trays were coated with BHI-7 antigen prepared from 2 different stored aliquots of
the same batch and termed antigen 1 and antigen 2. The plates were used to assess the
intertest variation of antibody levels in the 10 serum samples by the BHI-7 ELISA method,
and to investigate any variation in titres when different stored aliquots of the antigen were
used to prepare the ELISA plates. Also, plates that had been freshly coated with the antigen
and those that had been stored for 2 weeks at -20°C were used to evaluate the titres and
determine whether the BHI-7 antigen lost antigenicity up on freezing. The serum samples

were tested in duplicate and the mean titre was calculated. The COV was determined and a
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statistical correlation of the results was made using the Spearman rank test. The ELISA

experiments were designated as follows:

(a) Assay 1: antigen 1 coated onto plates, stored for 2 days
(b) Assay 2: antigen 1 coated onto plates, stored for 2 weeks
(c) Assay 3: antigen 2 coated onto plates, stored for 2 days

(d) Assay 4: antigen 2 coated onto plates, stored for 2 weeks

The positive and negative internal standards were included with each assay.
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3.3 Results

3.3.1 The positive and negative internal standard titres and intratest variation

The IgG and IgM titres obtained for both positive and negative controls repeated 8 times,
together with the intratest variation, are shown in table 3.0. The corresponding titration
curves are shown in figure 3.0. Reproducibility of antibody titres was demonstrated in the
negative control (NHS), where a constant level of 1:10,000 was repeatedly achieved for both
classes of antibody. However, the IgG titres of the positive ranged from 1: 50,000 to
1:100,000 (mean 82,500) with a COV of 25% whilst the corresponding IgM titres were

reproducible with levels of 1: 25,000 being consistently achieved.

Table 3.0 BHI-7 ELISA control titres and intratest variation

POSITIVE POSITIVE NEGATIVE NEGATIVE
IgM IgG IgM IgG
1:25,000 1:100,000 1:10,000 1:10,000
1:25,000 1:100,000 1:10,000 1:10,000
1:25,000 1:80,000 1:10,000 1:10,000
1:25,000 1:100,000 1:10,000 1:10,000
1:25,000 1:100,000 1:10,000 1:10,000
1:25,000 1:50,000 1:10,000 1:10,000
1:25,000 1:80,000 1:10,000 1:10,000
1:25,000 1:50,000 1:10,000 1:10,000
COV 0% COV 25% COV 0% COV 0%
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Absorbance (450 nm)

Figure 3.0 Titration curves of the BHI-7 ELISA positive and negative
controls. Each control was titrated 8 times. The IgG titres were estimated
at an absorbance of 0.1.
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3.3.2 The intertest variation of a panel of serum samples observed in the BHI-7
ELISA using an absorbance of 0.1 as assay end point.

The IgG levels and the COV of the 10 serum samples are shown in table 3.1.

Table 3.1 Mean IgG titres of serum obtained from 10 patients determined by
the BHI-7 ELISA and a cut off absorbance of 0.1.

Patient Assay 1 | Assay 2 | Assay 3 | Assay 4 | %COV
1 30000 85000 79000 29000 47.2
2 14500 34500 33000 15000 39.2
3 12500 31000 41500 12000 51.8
4 21000 45500 43000 14000 44.1
5 14000 23000 48500 12000 59.6
6 21000 22500 35000 15000 31.1
7 25500 40500 33000 21500 24.1
8 32500 71000 46500 33500 33.8
9 12500 18500 20500 11000 254
10 36500 51500 73500 52000 24.6
mean 22000 42300 45350 21500 37.9
+ 80000 100000 | 109000 | 70000 17
CONTROL

- 15000 21000 25000 14000 24
CONTROL

The mean IgG titre per assay and the intertest COV between the 4 assays is
shown. The mean intertest COV with an assay cut off of 0.1 absorbance
(Lambert et al., 1996) was 37.9%. Assays 1 to 4 were as follows:

Assay 1: antigen 1 coated onto plates, stored for 2 days

Assay 2: antigen 1 coated onto plates, stored for 2 weeks

Assay 3: antigen 2 coated onto plates, stored for 2 days

Assay 4: antigen 2 coated onto plates, stored for 2 weeks
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3.3.3 The ELISA intertest variation when comparing test serum results to

standardised control values to determine antibody levels

The statistical analysis of the results achieved for the 10 test serum samples in 3.3.2
demonstrated a high assay intertest variation (range 24.6% to 59.6%, mean 37.9%). A high
intertest variation of 17% and 24% was also obtained for the positive and negative internal
standards respectively. Similarly, the intratest variation of the positive control IgG titre was
also 25% (3.3.1). As these results indicated that the assay had low reproducibility, the next
stage in the evaluation and development of the ELISA was to investigate comparison of test
results to reference sera as a method of end point determination (Balfour and Harford,
1990). Standardised IgG control values of 1:100,000 and 1:10,000 were chosen and set to
the positive and negative internal standards respectively based on the results achieved in
3.3.1. The titres of the panel of 10 serum samples (table 3.1) were adjusted accordingly by
the factor required to set the internal controls to the standardised IgG titres. The resulting
antibody levels and COV of the serum panel are shown in tables 3.2 and 3.3. Variation or
trends in the antibody titre results did not correlate with aliquot of antigen used to prepare
the BHI-7 ELISA plates or length of storage of the microtitre plates at -20°C (tables 3.4 and
3.5).
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Table 3.2 Mean IgG titres of 10 patients using ELISA plates prepared from 2
aliquots of BHI-7 antigen stored at -20°C for 2 days and 2 weeks

(section 3.2.7). Results were compared to a standardised positive

control IgG titre of 1:100,000

PATIENT | TITRE
Assay 1 | Assay 2 | Assay 3
1 39000 85000 72000
2 18000 34500 30000
3 16000 31000 38000
4 26000 45500 39500
5 17500 23000 44500
6 26500 22500 32000
7 32000 40500 30000
8 41000 71000 42500
9 15500 18500 18500
10 46000 51000 67500
mean 27700 42250 41450
+  control [ 80000 100000 | 109000
IgG
’Tl‘%tre 1:25 0 0.9
adjustment
*

The mean IgG titre per assay and the intertest COV between the 4 assays is
shown. The mean intertest COV with reference to a standarised positive titre
of 1:100,000 was 23.9%. Assays 1 to 4 were as follows:

Assay 1: antigen 1 coated onto plates, stored for 2 days

Assay 2: antigen 1 coated onto plates, stored for 2 weeks

Assay 3: antigen 2 coated onto plates, stored for 2 days

Assay 4: antigen 2 coated onto plates, stored for 2 weeks

*Titre adjustment: the multiplication factor required to achieve a positive control
titre of 1:100,000.
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Table 3.3 Mean IgG titres of 10 patients using ELISA plates prepared from 2
aliquots of BHI-7 antigen stored at -20°C for 2 days and 2 weeks
(section 3.2.7). Results were compared to a standardised negative

control IgG of 1:10,000

PATIENT | TITRE

Assay 1 | Assay 2 | Assay 3
1 21000 40500 31500
2 9500 16500 13000
3 8500 14500 16500
4 14000 21500 17000
5 9500 11000 19000
6 14000 11000 14000
37 17000 19000 18500
8 22000 33500 18500
9 8000 9000 8000
10 24500 24500 29500
mean 14800 20100 18550
- control | 15000 21000 25000<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>