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Abstract
Aims-To differentiate between reinfection and relapsing infection with
Staphylococcus epidermidis in a middleaged woman with defective opsonisation
and procidin function in serum.
Methods-Microbiological typing was
done by biotyping, phage typing, and
polyacrylamide gel electrophoresis of
radiolabelied bacterial proteins (radioPAGE method). Polymorphonuclear cell
function was assessed in vitro by phagocytosis and killing of Candida albicans;
measurement of neutrophil random
locomotion and chemotaxis; reduction of
nitroblue tetrazolium after stimulation
by opsonised Candida and a radiometric
saccharomyces opsonisation assay. The
effect of plasma infusions on opsonic
activity was assessed by chemiluminescence using control polymorphonuclear
leucocytes with a laboratory strain of
S epidermidis opsonised with either
patient or control serum.
Results-Recurrent reinfection with different strains of Staphylococcus epidermidis rather than relapsing infection was
confirmed as having occurred by typing
bacterial strains. The RadioPAGE
method detected all the S epidermidis
strains involved in this patient's illness.
The patient's serum was shown to be
defective in both opsonin and procidin
function. The defects were correctable in
vitro by the addition of normal serum.
Clinical recovery occurred after repeated
infusions of normal fresh frozen plasma
and prolonged antibacterial treatment;
antibacterial treatment alone was insufficient.
Conclusions-The radioPAGE method is
useful in distinguishing recurrent
reinfection with S epidermidis from
relapsing infection with this organism.
Elucidation of the nature of, and underlying predisposition to, infection in the
patient studied allowed a rational treatment plan of plasma infusion combined
with antibacterial treatment to be
devised which ultimately proved success-

fill.
(J Clin Pathol

1993;46:398-402)

Organisms of high virulence may, once
acquired, cause disease without any underlying host defence defect, their virulence, in
part, reflecting an intrinsic ability to evade
physiological defence systems. By contrast,
organisms of low virulence cause disease only
if they can persist in sites inaccessible to host
defences or if the mechanisms normally
involved in protection against them are defective. Staphylococcus epidermidis has low virulence and major infections with S epidermidis
are typically seen only in patients with prosthetic implants,' indwelling catheters,2 in
premature neonates,3 or patients with neutropenia or recurring corticosteroid treannent.45
We describe a woman with bacteraemia
caused by recurrent infection with different
strains of S epidermidis associated with defects
in serum opsonin and procidin ("preparing
for killing") function for neutrophils.6
Methods
One set of blood cultures was taken at the
time of each episode of malaise using standard aseptic techniques. Biotyping7 8 and
phage typing9 were carried out by the
Staphylococcus Reference Unit, Central
Public Health Laboratory, Colindale. The
organisms were not tested for slime production.
RADIOPAGE METHOD'0
After plating on to horse blood agar and incubation overnight at 37°C, portions of several
colonies of each isolate were inoculated into
50,ul volumes of methionine assay medium
(Difco) containing 5 ,uCi (185 kBq) of 35Smethionine (Amersham International) until
the medium appeared slightly turbid. The
samples were incubated at 37°C in air for 3
hours, and subcultures for purity checks were
then made. Enzymatic digestion of the
staphylococcal cell wall was achieved by the
addition of 50 4u1 volumes of lysostaphin solution containing 400 ,g/ml of lysostaphin
(Sigma) in 10 mM TRIS buffer, followed by
reincubation at 37°C for 45 minutes. After
this incubation, 100 u1 volumes of double
strength sample buffer were added, and the
soluble proteins were dissociated by immersing the samples for 3 minutes in boiling

water.
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POLYMORPHONUCLEAR CELL FUNCTION

Polymorphonuclear cells were separated from
anticoagulated whole blood by Dextran sedimentation and washed three times in
RPMI/HEPES. Phagocytosis and intracellular killing of Candida albicans was assessed
using a radiometric assay, using cross-over
studies with patient and control serum or
plasma to determine whether defects were
cell or plasma dependent.61' Plasma dependent defects of phagocytosis are described as
defection Candida opsonins, and of killing as
afection Candida procidins.6 Other tests of
polymorphonuclear function were: neutrophil
random locomotion and chemotaxis (2%
Figure 1 Autoradiograph
of S epidermidis isolates
(table) M-14C molecular
weight markers: 200, 93,
69, 46 and 30 kilo
daltons.
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casein) in a raft modification of the Boyden
chamber technique; the reduction of nitroblue tetrazolium by polymorphonuclear cells
after stimulation by opsonised Candida as a
measure of the oxidative burst; and a radiometric saccharomyces opsonisation assay'2
which tests the activity of serum in opsonisation of baker's yeast for ingestion by control
polymorphonuclear cells. This latter assay is a
functional test for what has subsequently
been shown to be a mannan-binding protein"3
and has been shown in other studies to be
distinct from this Candida opsonin and procidin.6

Chemiluminescence using control polymorphonuclear cells with a laboratory strain
of S epidenidis, opsonised with either patient
or control serum, was used to assess the effect
of plasma infusions on opsonic activity. 4
Complement components C3 and C4 were
measured by rocket immunoelectrophoresis
and total haemolytic complement by radial
diffusion into sensitised sheep red blood cells.
C-reactive protein and IgG subclasses were
estimated by radial immunodiffusion and
immunoglobulins IgG, A and M by a nephelometric assay.
Case report
The patient had recurrent respiratory tract
infections as a child with three episodes of
pneumonia before the age of 5 and chronic
cough with sputum up to the age of 11,
sometimes associated with bronchospasm.
She had had eczema since childhood. Cuts
healed slowly and tended to become infected.
At the age of 22 she had persistent cough and
mild bronchospasm for several months. She
developed acute toxoplasmosis when aged 38.
In the same year a malignant melanoma was
removed on the lower leg followed by skin
grafting, which was complicated by local
infection. Staphylococcus aureus and coagulase
negative staphylococci were isolated. By the
age of 39 she had pelvic inflammatory disease
attributed to an intrauterine contraceptive
device. This was removed. She had several
episodes of frequency and dysuria over the
previous one or two decades. There was no
family history of increased susceptibility to
infections. In October 1985, when aged 41,
she developed transient pain and swelling of
the left knee joint.
The following year, she presented with persistent headache, malaise, lethargy and intermittent fever (up to 38°C). The skin was dry
and flaky, especially over the limbs and back.
A grade 2/6 mid-systolic murmur was audible
at the apex. Clinical examination yielded otherwise normal results. Blood cultures were
taken on admission and during subsequent
episodes of fever or increased malaise.
Staphylococcus epidermidis was grown from
both sets of cultures taken on January 8, 9, 10
and 13, after which antibiotic treatment was
started. Intravenous benzylpenicillin (3 g six
hourly) was given for two weeks followed by
oral ampicillin (3 g six hourly), the organism
being sensitive to each of these agents.
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Sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE) was performed with a 3% by weight (30 g/l) acrylamide stacking gel and a 10% (100 g/l)
resolving gel of 0-75 mm thickness.
Eight samples and one 14C methylated protein
mixture
aliquot
(Amersham
International) were loaded in 15 pl volumes
on this gel. Electrophoresis was carried out at
constant current using 10 mA/gel for stacking
and continued at 15 mA/gel throughout the
resolving gel. The gels were fixed overnight in
an aqueous solution containing 200 ml of
glacial acetic acid and 200 ml of propan-2-ol
in each litre, and then vacuum dried on to filter paper. Autoradiographs were developed
after 24 hours of exposure. Comparison of
labelled protein profiles was performed visually after cutting the autoradiographs into
strips of two lanes each. Isolates were recorded as different if one strain had one or more
radiolabelled protein bands of different molecular weight, or two or more bands of the
same molecular weight but with noticeable
differences in intensity (fig 1).
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vancomycin. The organism grown was sensi-

tive in vitro to all three drugs. She again
improved and was discharged from hospital
at the end of February 1986. Malaise and
fever returned the following week, and on
March 7 S epidermidis was again cultured
from the blood. She was treated with sodium
fusidate (0 5 g eight hourly) together with flucloxacillin (2 g intravenously six hourly) for
three weeks, having developed a rash presumed to be related to drug intake. Minimum
inhibitory concentrations were checked on
several occasions and found to be satisfactory.
She improved clinically and was discharged
after the end of intravenous treatment, continuing with sodium fusidate until the end of
May 1986. Symptoms soon recurred and
S epidermidis was again grown from blood cultures on 10 June. By this time, microbiological investigation of the organisms obtained on
blood culture had shown these to include several different types of S epidermidis, and
immunological investigations had indicted
serum dependent defects of neutrophil function (see below).
Repeated clinical examination, including
ear, nose, throat and gynaecological examinations indicated no source of infection,
although the skin continued to be eczematous
throughout much of this time. An unerupted
wisdom tooth was noted. It was associated
with tenderness in the lingual sulcus and
showed radiological signs of chronic infection. It was removed under gentamicin cover
on February 17. Cultures of the root were
negative. Repeated microscopy and culture of
urine samples were negative.
Full blood count was normal and total
white cell count was inappropriately low to
normal at between 3-2 and 6.0 x 109/1, with

differential neutrophil counts between 4552% during episodes of bacteraemia.
An ESR was inappropriately normal at
4-9 mm/first hour. Bone marrow aspirates in
January and June 1986 were essentially nor-

mal. Serum electrophoresis was normal and
immunoglobulins showed only a slight rise in
IgM: IgG 10 0 (normal range 5-16), IgA 2-4
(normal range 1-3), IgM 2-3 (normal range
0-5-1 7) g/l, IgE 22 units/ml (normal range
<80). C-reactive protein concentration
was normal on several occasions. C3, C4,
and CH50 concentrations were normal, as
were saccharomyces (antibody independent)
opsonins-that is, mannan-binding protein.
IgG binding immune complexes were slightly
raised at 52 ,ug/ml aggregated IgG equivalents
(normal range <20). Hepatitis B surface antigen and HIV antibodies were absent, as was
antinuclear factor. Blood urea, electrolyte,
and serum creatinine concentrations were
normal. Hepatic transaminase activities were
slightly raised during bacteraemic episodes.
Creatinine clearance was normal and there
was no abnormal amount of protein in a 24
hour urine collection.
A chest x ray picture, intravenous urogram,
ultrasonogram of liver and pelvis, computed
tomograms of chest and abdomen and a bone
scan were all normal. Repeated echocardiograms showed no vegetation.
Microbiological investigation of the S epidermidis isolated on admission (January 8, 9,
10) and during the three relapses (January 31,
February 2, 3, March 7 and June 10) indicated that several separate strains were involved,
as judged by biotyping, reference phage typing, and radioPAGE, although the results
obtained with the various methods did not
correspond exactly (table). The largest number of separate strains were identified by the
radioPAGE method (fig 1).
TESTS OF NEUTROPHIL FUNCTION AND
IMMUNOLOGICAL STUDIES

Neutrophil function tests, performed during
remission in late March, showed a normal
nitroblue tetrazolium test and normal random
locomotion and chemotaxis to 2% casein.
The patient's neutrophils phagocytosed and
killed C albicans normally in the presence of
normal control serum, but showed reduced
phagocytic index (2-65; control 3 50) and
killing efficiency (72%; control 89%) in
autologous serum.6 Findings were similar
when normal control cells were used with the
patient's serum PI 1-55; KE 42%). These
changes represent defective Candida
opsonins and procidins.6 The defect was
observed using serum taken from the patient
on different occasions. The defect was corrected with the addition of normal sera at
10% concentration, indicating that the
patient's serum lacked C albicans opsonin and
procidin function,6 and that the effects were
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Treatment was changed to cephradine (0 5 g
six hourly), to which the organism was also
sensitive, after the development of an erythematous rash.
Her symptoms gradually improved and her
fever resolved with intravenous treatment,
but she again felt unwell during oral treatment and further positive blood cultures were
obtained on January 31, and February 2 and
3. Cephradine was stopped and she was given
oral sodium fusidate (0-5 g eight hourly) for
two weeks, with intravenous vancomycin
(1-2 g daily) for one week, followed by
erythromycin (05 g eight hourly) for one
week, after developing a rash attributed to
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Figure 2 Effect of infusions offresh frozen plasma on opsonic activity ofpatient's senum.

had been making gradual progress throughout the previous six months, with each remission being to a higher level and each relapse
to a lower level than previously. In February
1987 her improvement had been sustained
without further plasma. She was maintained
on antibiotics until the end of April 1987 and
had no recurrence of S epidermidis bacteraemia, nor its associated symptoms after
antibiotic treatment was stopped. She developed clinically important Escherichia coli bacteriuria in May 1987 and this responded well
to conventional treatment. In July 1987 she
presented with fatigue, muscle aches, nausea
and rotational vertigo, symptoms notably different from those experienced earlier. This
constellation of symptoms was attributed to
viral labrynthitis and gradually settled with
symptomatic treatment. In a further five years
of follow up she has had no further recurrence of her original disease and has returned
to full activity.

Discussion
The case described here is unusual but the
general principles enabling her case to be elucidated are widely applicable. In defining the
nature of repeated infections, the distinction
between recurrent reinfection with different
organisms and relapsing infection owing to
failure to eradicate the same organism is crucial. This distinction may be difficult when
recurrent reinfection occurs with different
strains of the same species of organism.
Failure to cure an S epidermidis endocarditis
remained a worrying diagnostic possibility
until microbiological typing indicated that
recurrent reinfection with different strains of
S epidermidis had occurred. This is, to our
knowledge, the first instance in which the
nature of recurrent S epidermidis bacteraemia
has been elucidated by the radioPAGE
method. The method has advantages over the
antibiogram and biotyping which may have
poor discrimination between different strains,
and phage typing which may fail to provide a
result. In this instance, radioPAGE detected,
we believe, all the S epidermidis strains in our
patient's illness, in contrast to the other
methods used (table).
Three main considerations prompted our
successful search for defective host immunity,
discovery of which enabled an effective treatment regimen to be devised. First, our patient
had a history dating back to childhood,
suggesting an underlying susceptibility to
bacterial infections. Second, the occurrence
of S epidermidis bacteraemia in itself suggested
strongly that host defences were impaired in
view of the low pathogenicity of this organism
in healthy subjects. Finally, the demonstration that multiple strains of S epidermidis had
been isolated from pairs of blood cultures in
association with symptomatic illness further
supported the notion that this patient's recurrent problems were due to an underlying
defect affecting the handling of this organism,
rather than to a failure of antimicrobial
treatment.
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not due to the presence of an inhibitor.
Chemiluminescence to S epidermidis 14 was
much decreased compared with normal
pooled sera (fig 2).
At the end of June 1986, the patient began
a prolonged course of oral rifampicin (450
mg daily) and sodium fusidate (250 mg
daily), together with intermittent infusions of
fresh frozen plasma. She reported striking
and rapid improvement, beginning the day
after infusion of two units of plasma. She felt
and looked fitter than at any time in the preceding six months. A serum sample taken
after infusion confirmed that the serum
dependent defect in neutrophil function was
no longer detectable and that the defective
chemiluminescence response to S epidermidis
had been fully corrected (fig 2). Her systemic
symptoms, however, recurred to some degree
three weeks later. She had a fever of 37-2°C,
but blood cultures were negative on this and
all subsequent occasions. A further infusion
of 2 units of fresh frozen plasma led to
prompt symptomatic improvement and defervescence. After a further month symptoms
again recurred. Response to a single unit of
fresh frozen plasma was less striking than to 2
and so on her next symptomatic decline she
received 4 units. After this she was well for
four weeks, after which symptoms again gradually returned, there being no discernible
benefit from the extra units. Two units of
plasma led to the usual improvement. When
symptoms again returned a month later, a
single blind infusion of physiological saline
caused no symptomatic benefit, but further
plasma did, lasting for a month before she
received her final infusion in mid-December.
It was not possible to delineate clearly the
waxing and waning of the plasma effect in
vitro after the first treatment, but other
(unpublished) observations indicate that the
serum factors have a half-life of two to four
weeks in vivo after fresh frozen plasma treatment. She had continued to take the same
antibiotics throughout.
On review in December, she felt that she
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the
finding of a serum defect affecting affecting the left knee three months beforerelebacteraemic illness was unlikely to be
killing (procidin defect) by neutrophils sug- vant.The patient had patchy eczema during
gested strongly that this impairment of host much of her early course, providing a potendefence conferred the observed susceptibility tial portal of entry.The eczema improved

The

microbial phagocytosis (opsonin defect) and

infusions, after prolonged antibiotic

treat-

alone had proved inadequate, provides
further support for the relevance and the
treatability of the defect. This is the first
instance of which we are aware in which the
ment

host defect we describe has been associated
with S epidermidis infection. Typically, it is
associated with infection by pneumococci,
haemophilus, and similar capsulated organisms.

The patient's

course

during the six months

plasma treatment was characterised by
rapid improvements following plasma and
some symptomatic decline after two to four
weeks, the general trend being, however,
towards a step-wise improvement. The
of

cumulative benefit of plasma treatment, with
restoration of full neutrophil function, ultimately might have permitted full eradication
of the organisms at all sites. It seems unlikely
that plasma alone would have been effective,
and such a therapeutic trial was not attempted in view of the already prolonged and disabling clinical course.
The source of the S epidermidis has

not

satisfactorily determined. Although the
same type of organism had been isolated during infection of skin grafts following wide

been

excision of the melanoma of her left leg, there
bone scan changes to
suggest reactivation of infection at this site.
The only other identified site of local infection was the unerupted wisdom tooth.
Negative cultures of this after antibiotic treatment would not be surprising. Dental sepsis
cannot be ruled out completely as a source of
S epidermidis infection, but we consider this to
be highly unlikely, especially as recurrent bacteraemia was documented several months
after dental extraction. While it is clearly possible that the new organisms found on the
first two relapses had been introduced via
intravenous cannulae used for treatment, the
fact that the third relapse occurred more than
six weeks after intravenous treatment had
been stopped makes this explanation unlikely.
We consider that the transient arthropathy

were no cutaneous or

and
greatly during plasma treatmenteczema
remained quiescent thereafter.The
of

was never severe and there were no signs
local infection. Nevertheless, cracks in the
skin associated with eczema seem to us the
epiderlikely recurrent portal of entry for S bactermidis.The fact that symptoms and
aemia have not recurred since the cessation of
combined antibiotic and plasma treatment
suggests that this approach was not only
effective in clearing the bacteraemia but also
in eradicating any focus of infection not
affected by antibiotics alone.
We are most grateful to our many clinical and laboratory colleagues who assisted in the investigation and treatment of this
patient, and to the patient herself and her family for their forbearance during this protracted ilness and treatment.
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epidermidis infection.The defect is of a
that has been shown to be associated
with severe or recurrent bacterial respiratory
infections in childhood,6 which our patient
had also experienced. The precise biochemical nature of the defects are still being elucidated but infunctional terms seem to affect
the deposition of complement on the surface
of micro-organisms.6 Finally, the ultimate
eradication of these infections by a combination of antibiotics and fresh frozen plasma
to S
type

