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Introduction JC GOULD

Blood culture results are important to the clinician
in the management of individual patients and the
relevant methods and techniques present consider-
able problems for laboratory workers. In this meet-
ing, a distinguished group of laboratory and clinical
experts discussed the technical problems in the
laboratory and referred to clinical attitudes to the
need for, and performance of blood culture.
Dr Duerden, in discussing the clinical significance

of bacteraemia, pointed out that a great majority of
blood cultures were taken to obtain laboratory
confirmation of suspected clinical bacteraemia and
not for the reassurance of a negative result. He
noted that differences in the proportion of positive
results found in different hospitals has not been
related to significantly different outcome for the
patients. He elaborated on the general interpreta-
tion of laboratory results of blood culture in differ-
ent groups of patients and emphasised that more
attention should be paid to the significance of a
single positive culture in the individual patient. Dr
Munro continued this theme from the clinician's
point of view, illustrated by a number of individual
clinical experiences. In his opinion there was a great
need for close liaison between clinical and laborat-
ory staff and he emphasised the value of blood cul-
ture results in medical audit.

Routine diagnostic laboratories have become
accustomed to carrying out blood cultures in a more
or less conventional manner, and the techniques that
appear to give the most consistent results were
reviewed by Dr Shanson. The range of organisms to
be covered and their nutritive and environmental
requirements for growth are so variable that atten-
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tion must be given to covering as wide a range of
conditions as possible. This is particularly true when
the nature of the infecting organism is not known, or
if there is continuing clinical suspicion of bac-
teraemia despite previously negative blood cultures.
Of particular importance are infections due to
anaerobic bacteria, many of which are associated
with bacteraemia. Dr Watt described the steps to be
taken in the laboratory to increase the chances of
isolation of obligate anaerobes from blood cultures.
Improvement in patient management, particularly

of immunocompromised hosts in whom the clinical
signs of bacteraemia may be masked or absent, has
increased interest in rapid methods for the detection
of bacteraemia. Dr Johnston dealt in detail with
those techniques designed to detect bacterial pro-
ducts, concentration methods that are not yet estab-
lished and innovative "automated" methods that are
not necessarily more rapid than conventional tech-
niques. The two important new methods depend
upon radiometry and impedance-conductance and
are technically more convenient in a laboratory but
provide only marginal clinical benefit.

All laboratory workers have experienced the
problem of contamination of blood cultures; under
normal conditions the contamination rate may be
>10%. Not only does this waste effort, but the
results are confusing to the clinician. Professor Col-
lee detailed the main sources of contamination and
emphasised procedures to reduce the risks to a
minimum; these involve both the clinical and
laboratory staff at different stages in the procedure
of sampling blood and their importance cannot be
stressed too strongly. Clearly, results of blood cul-
ture can be no better than the care taken in vene-
puncture.

Finally, Professor Ledingham discussed the ques-
tion of the diagnosis, treatment and pathogenesis of
the bacteriogenic shock syndrome which may occur
with or without bacteraemia. Although resuscitation
of patients with bacteriogenic shock utilises non-
specific methods, he pointed out that the definitive
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diagnosis of the nature and sites of the underlying
sepsis is important for the success of specific surgical
and antimicrobial therapy. Most patients who ulti-
mately succumb after surviving the acute episode of
shock have shown evidence of unresolved sepsis at
necropsy.

This series of presentations provides a concise
review of current blood culture procedures, along
with their relevance to the clinical diagnosis and
treatment of infection. This collection of contem-
porary opinion should therefore be of value to all
those concerned with the diagnosis and management
of patients in whom bacterial invasion of the blood
stream is suspected.

Why take blood cultures?-the clinical significance
of bacteraemia BI DUERDEN

Most blood cultures are taken to detect
bacteraemia-only a small minority are taken for
the reassurance of a negative result. Blood should be
sterile and it is assumed generally that a positive
blood culture result is highly significant; it indicates
a life-threatening situation and requires immediate
action. However, this may be a rather simplistic
approach.

Bacteraemia may be a dramatic event but the dif-
ferences between the numbers and proportions of
positive results found in different hospitals are not
reflected in significantly different outcomes for the
patients. In hospitals with a highly developed blood
culture system, more positive results are found.
Some are important but others may be relatively
minor complications of underlying conditions, and,
in hospitals where a less vigorous search is made,
most of these patients recover uneventfully. Else-
where, enthusiastic sampling of moribund patients
can boost the ratio of positive findings with terminal
bacteraemias. With recent advances in blood culture
methods, microbiologists and clinicians should
examine the clinical situations in which bacteraemia
may be detected because their interpretation of the
result depends upon the type of patient, any under-
lying conditions and the organism.' 2

The bacteraemia itself may threaten life; a ful-
minating septicaemia-for example, overwhelming
Gram-negative bacillary sepsis or meningococcal
septicaemia, is lethal. Alternatively it may be the
specific presentation of the illness; bacteraemia is
the identifiable aspect of the disease in-for exam-

ple, typhoid and infective endocarditis. This intro-
duces the concept of PUO; fever is one of the main
responses to infection so that bacteraemia and PUO
are inevitably linked. The positive blood culture
result may be the only finding that explains the fever
and provides the diagnosis. In all of these condi-

Gould, Duerden

tions, the diagnosis and management of the patient
depend upon the reliability of the blood culture sys-
tem. The significance of the result is beyond doubt.

In many infections, however, bacteraemia is an
important part of the underlying disease but can be
almost an incidental finding. Bacteraemia is com-
mon in pyelonephritis, pneumococcal disease,
cholecystitis, osteomyelitis, epiglottitis and mening-
itis and may be the life-threatening aspect of the
disease. Moreover, in many of these conditions the
blood culture provides the most reliable bacteriolog-
ical diagnosis. The detection of a bacteraemia may
also be the key to an underlying disease; the isola-
tion of Bacteroides fragilis or a mixture of B ftagilis
and Escherichia coli may indicate intra-abdominal
sepsis and there is an association between a Bac-
teroides bacteraemia, as the initial finding, and car-
cinoma of the colon.3
The interpretation of the laboratory findings is

usually straightforward in these well defined groups
but a large proportion of blood culture investiga-
tions are on patients in whom the evaluation of a
positive result requires consideration of their gen-
eral condition. The positive blood culture may be an
incidental, although not necessarily insignificant,
finding. Many patients have a transient bacteraemia
after intestinal, genitourinary or oral surgery. An
a-haemolytic-streptococcal bacteraemia may follow
even minor dental manipulations and sigmoidoscopy
or cystoscopy can lead to a coliform bacteraemia,
but most of these are insignificant; they are cleared
within minutes with no lasting ill effects.34 The
enthusiasm with which post-operative bacteraemias
are sought is one reason for differences between the
patterns of blood culture results in different hospi-
tals. The number of positive results will increase if
cultures are taken from all postoperative patients.
This has a particularly noticeable effect upon the
number of Bacteroides spp, or mixture of E coli and
Bacteroides spp, isolated from blood cultures. How-
ever, the differences in detection rates do not neces-
sarily affect the outcome for the patients. Those
patients who develop significant sepsis with bac-
teraemia after-for example, abdominal surgery,
are clearly unwell and blood cultures are collected
because of their clinical condition rather than as a
routine. Operations on sites where there is pre-
existing infection may also lead to bacteraemia with
organisms of proven virulence and the bacteraemias,
perhaps with metastatic abscesses, are significant
problems. However, improved surgical techniques
and prophylactic chemotherapy have reduced post-
operative sepsis in abdominal and gynaecological
surgery-and several centres have reported a fall in
the incidence of postoperative bacteraemia.' 5 Simi-
larly, operations on infected sites are often per-
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Blood culture-current state and fiuture prospects
formed with antibiotic cover to prevent the spread
of infection via the blood stream.
Other "incidental" but significant bacteraemias

are those secondary to serious underlying diseases.
In compromised patients the interpretation of a

positive blood culture depends upon the general
state of the patient and the organism. Modern inten-
sive care creates many opportunities for infection.
Bacteraemia is common in These patients and may

kill them, but the assessment of a positive blood
culture is not easy. Opportunist pathogens such
as Serratia, Enterobacter, Acinetobacter and
coagulase-negative staphylococci are common but
their significance may vary. In one patient, changing
a colonised vascular cannula will stop the bac-
teraemia and solve the problem but the isolation of
the same organism from another patient may indi-
cate a life-threatening septicaemia. The bacteraemia
may also be a terminal event, not necessarily signify-
ing that the bacteraemia kills the patient but that it is
an inevitable part of the breakdown of normal body
functions.

In patients with prosthetic implants-for example,
CSF shunts for hydrocephalus or artificial heart val-
ves, there is a high risk that the implants will become
colonised, often with organisms such as coagulase-
negative staphylococci or coryneforms leading to a

persistent low-grade bacteraemia. Endocarditis on a

prosthetic valve is a very serious condition and in
patients with CSF shunts, infection causes valve mal-
function, neurological emergencies and immune
complex nephritis. The initial effects may be mild,
diffuse and difficult to assess-a "silent" bac-
teraemia. Blood cultures are taken when such
patients are in any way unwell, but it is difficult to
interpret the significance of a coagulase-negative
staphylococcus in a culture from a vaguely unwell
child, with difficult veins and a high risk of contami-
nation, who has so many medical problems that
health and illness are only relative terms.

Similar problems arise in immunocompromised
patients with immunodeficiency and neutropenia as

a result of malignant disease or its chemotherapy.
Bacteraemia is a common cause of death. The
organisms involved include recognised pathogens
and opportunist species and the bacteraemia may be
almost completely silent, but a diagnosis is impor-
tant because a silent bacteraemia may be rapidly
fatal.6

The significance of a blood culture result depends
to a variable extent upon the organism isolated.25
The isolation of Salmonella typhi is undonbtedly
important, or of a f3-haemolytic streptococcus, or

E coli from a patient with acute pyelonephritis and
bacteraemic shock. Isolating, identifying and testing
the antibiotic sensitivity of these organisms is essen-
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tial, but there is less concern about the same E coli
from a patient shortly after sigmoidoscopy. Similarly
an a-haemolytic streptococcus from a patient with
endocarditis is the cardinal laboratory result on
which survival may depend whereas the same organ-
ism in a blood culture taken shortly after a dental
extraction from a healthy person signifies little. The
isolation of Staphylococcus aureus, the meningococ-
cus, Haemophilus influenzae, or the pneumococcus
has immediate significance, but the isolation of a
coagulase-negative staphylococcus, a coryneform,
or an unusual Gram-negative bacillus from a com-
promised patient is more difficult to interpret.

This contrast highlights the dilemma in determin-
ing a policy for blood cultures. The microbiologist
aims to recover any potential pathogen from cul-
tures taken by the clinician at appropriate times
from potentially infected patients. Improvements in
the system, greater co-operation and more emphasis
on blood cultures should produce more positive
results, but some may be the less significant findings.
This is not a reason for neglecting to improve the
system, but it may dilute the impact of a positive
result. Microbiologists and clinicians should develop
a critical approach to blood culture results so that
they neither over-react to the less significant, nor
lose the impact of the important one. Most blood
cultures will be sterile and a positive result is the
signal for immediate action, but tempered by a care-
ful assessment of its significance.

The blood culture curious clinician JF MUNRO
Department of Medicine, Eastern General Hospital,
Edinburgh

Blood cultures are performed primarily for their
immediate diagnostic or therapeutic value. Addi-
tionally, information may be obtained which may
prove helpful in the management of subsequent
patients. The analysis of blood culture results is also
a useful part of medical audit.

DIAGNOSTIC VALUE-POSITIVE BLOOD
CULTURES
The diagnostic value of blood cultures is greatest in
those patients in whom the cause of their illness is
uncertain. Occasionally, such patients are suffering
from a rare condition, such as brucellosis, which the
clinician might overlook. Sometimes the problem is
characteristically difficult to diagnose-for example,
infective endocarditis. More frequently, however,
the final diagnosis turns out to be a fairly common
condition presenting atypically.
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Case illustration
A 58-year-old man who had worked with animals all
his life had been investigated previously because of
"shivering turns." No explanation was found. In the
past he had a myocardial infarct and was known to
have renal calculi. At the time of his admission,
there was some derangement in liver function tests
and a coliform organism was isolated from his blood.
Subsequent investigations showed a stone in his
common bile duct although he had never had attacks
of biliary colic.

This case also illustrated that septicaemia per se is
not a diagnosis. The cause of the septicaemia and
the source of the organism should always be sought
and the possibility of blood-borne dissemination of
infection considered. Sometimes, the source of
infection may remain uncertain.

Case illustration
A 62-year-old housewife was admitted with increas-
ing polyuria of several weeks duration and increas-
ing confusion and abdominal pain for two days. She
was pyrexial and had the features of severe diabetic
ketoacidosis with generalised abdominal tenderness.
She had a Gram-negative septicaemia and a high
serum amylase, which suggested but did not confirm,
the possibility of pancreatitis. Further investigations
revealed an E coli urinary tract infection and an IVP
showed chronic pylonephritic changes in her left
kidney. Moreover, she had gall stones and a dilated
common bile duct.

NEGATIVE BLOOD CULTURES
A substantial number of patients who appear, clini-
cally, to be bacteraemic do not have positive blood
cultures. Only some of these episodes are attribut-
able to prior administration of antibiotics. Although
negative blood cultures cannot exclude a bac-
teraemic episode, they should alert the clinician to
other possibilities.

Case illustration
A 54-year-old housewife experienced a transient
ischaemic attack four days before admission. She
had a further cerebrovascular episode on the day of
admission. She was found to have multiple splinter
haemorrhages and haematuria; she was assumed to
have infective endocarditis and treated accordingly.
However, several sets of blood cultures obtained
before chemotherapy was started gave negative
results and this, combined with a failure to improve,
suggested the possibility of non-infective endocar-
ditis. Further investigations revealed the presence of
a left ovarian tumour that had already seeded
throughout the peritoneum.

Gould, Duerden

THERAPEUTIC VALUE
The detection of a relatively unexpected bac-
teraemia is not only of diagnostic but also of
therapeutic significance. Frequently, however, posi-
tive blood cultures merely confirm the clinical diag-
nosis of severe iAfection. In these circumstances, the
therapeutic value is restricted by the delay in bac-
teriological confirmation but may be of great value
in a number of specific situations.
1 The isolation and identification of an organism
provides the clinician with the opportunity to nar-
row the spectrum of antibiotic therapy. However, it
is important to appreciate that sometimes, particu-
larly with intra-abdominal sepsis, antibiotic treat-
ment should not be restricted to the only organism
identified.
2 Treatment may need to be changed when the
identity of the infecting organism was unsuspected.

Case illustration
An elderly man was admitted to hospital with a
severe chest infection. By chance, two weeks previ-
ously his general practitioner obtained a chest x-ray
which was normal. The x-ray on admission showed a
narrow, walled lung abscess. The clinical assumption
of staphylococcal infection had to be revised when a
Klebsiella species was isolated from the blood.

3 When the organism has an unusual pattern of
antibiotic resistance, it may be necessary to change
the initial therapy. This is particularly likely in
patients who develop a septicaemia while in hospi-
tal.
4 Identification of the organism and determination
of MICs and MBCs of suitable antibiotics are essen-
tial when it is very important to achieve appropriate
therapeutic levels-for example, in the management
of infective endocarditis.

MEDICAL AUDIT
Bacteriological information is helpful to the clinician
who has to apply a "best guess" when initiating
therapy before sensitivities are available. Moreover,
previous experience may influence medical practice,
particularly in those fields in which therapeutic
developments have altered the pattern of
medicine-for example, renal transplantation and
haematological malignancies. During a 5-year
evaluation of blood cultures in a general medical
unit, patients were divided into four groups-PUO,
infected, at risk, and both infected and at risk-on
the basis of the clinical findings at the time of per-
forming the initial blood culture. Of the latter, rela-
tively small group of 101 patients, 30 were sep-
ticaemic. Diabetes mellitus provides an example of
increased risk. Diabetic metabolic decompensation
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Blood culture-current state and future prospects

may be caused by infection but it also predisposes
patients to infection. Of 211 consecutive patients
admitted to a general medical unit with severe
metabolic decompensation, 41% were infected.
Nine patients died, of whom only three were under
the age of 60 yr; all three were septicaemic on
admission. As a consequence of this study, it has
now become unit policy to initiate chemotherapy in
patients with severe ketoacidosis as soon as the
appropriate bacteriological samples, including blood
cultures, have been obtained.
The diagnostic, therapeutic and audit value of

performing blood cultures in patients suffering from
a severe infection or presenting with a diagnostic
challenge depends to a great extent upon the close-
ness of the liaison between the clinical and laborat-
ory staff.

Considerations of contamination in relation to blood
culture JG COLLEE
Department ofBacteriology, University Medical
School, Teviot Place, Edinburgh EH8 9AG

Contamination of a blood culture at some stage of
sampling or subsequent processing is a great waster
of time and effort and it may put the patient at risk.
In a recent Scottish survey, almost 14% of 3000 sets
of blood cultures were contaminated. Perhaps we do
too many investigations with specimens of poor
quality and not enough with specimens of high qual-
ity. In blood culture work, a replicated finding is
often assumed to be confirmatory, but this must not
be based on a consistent error that allows the literal
reproduction of a mistake.

Whilst an extended series of blood culture
attempts may be justified in some clinical circum-
stances, most cases of bacteraemia can be detected
by the first or second set of bottles if the methodol-
ogy is good.7 Accordingly, our plea to the clinicians
must be to take special care to start with one or two
clean specimens. Thereafter, the law of diminishing
returns applies; but it must not be inferred that the
clinician can then proceed to be less careful.

SOURCES OF CONTAMINATION
The skin of the patient or the operator is the most
likely source of contaminants. As various skin com-
mensal organisms or transient skin contaminants
may occur as opportunist invaders in debilitated or
compromised hosts, their presence in blood cultures
may be significant on occasion and cannot be invari-
ably dismissed. This is why adequate cleansing and
disinfection of the venepuncture site are so impor-
tant. First, the operator's hands must be clean. Some
authorities hold that the operator should wear
sterile gloves, and this has much to commend it.

967

Then the venepuncture site must be disinfected.
It is essential to stress that soap and water and

quatemary ammonium compounds-for example,
benzalkonium chloride or cetrimide in aqueous solu-
tion, are good cleansing agents but are, at best, slow
disinfectants. Moreover, some aqueous preparations
held in hospital wards may be heavily contaminated
with bacteria. Small disposable packs should be
used.

After cleansing, skin should be disinfected as fol-
lows. A preparation containing 70% alcohol and
water should be applied quite vigorously with one or
two sterile swabs to the venepuncture site to achieve
a quick reduction in the numbers of the vegetative
bacteria. A little time should be allowed for this
"quick kill" stage-until the alcohol has dried. The
important constituent of the skin disinfectant is 70%
ethyl alcohol or isopropyl alcohol (which is cheaper)
in water; chlorhexidine 1%, iodine 2% or an
iodophor 2% may be added to the alcohol to
enhance its disinfectant action.
The volume of blood to be taken is discussed later

in this review. The bulk-blood-culture approach
whereby multiple small amounts are dispensed from
one grand venepuncture into a batch of several bot-
tles vitiates any confirmatory value of replicate isola-
tions. As the practice increases the chances of con-
tamination and reduces the chances of detection of
bacteraemia, it should be avoided. At this stage the
operator should not be afraid to put all of his eggs
into one or two good microbiological baskets, but if
one syringe is to provide material for bacteriology,
clinical chemistry and haematology, the microbiol-
ogy is prejudiced. The quality of the sampling is
vitally important and our clinicians must be dis-
criminating.
Changing the sampling needle The sampling needle
should be discarded and another sterile needle fitted
before the sample is injected into each bottle. The
operator must here bear in mind the hazard of
acquiring hepatitis B virus from a needle stick
injury. The top of the rubber liner should not be
swabbed if it is already sterile (but see Shanson's
findings8). My colleagues and I prefer crimped pro-
tective aluminium foil caps, as contaminants some-
times grow in a film of moisture trapped between
plastic ViskapsR and the bottle caps.

Specimens from special care units for neonates
and from intensive care areas for adults are often
contaminated. Patients in these units are at special
risk from bacteraemia and septicaemia, and blood
culture is a crucial aid to their management. With
neonates, the method of dropping blood into an
open bottle from a fine needle inserted into a very
small vein has evolved because of the tendency of
fragile veins to collapse when a syringe is used. As
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the blood culture bottle cap is removed and the sys-
tem is then very vulnerable to airbome contamina-
tion, bacteriologists deplore the compromise whilst
understanding the technical difficulties. There is an
urgent need for new miniaturised soft plastic equip-
ment with a sterile, closed system for neonates and
infants.

If the inguinal vessels are used, either in the adult
or the infant, there is an increased risk of contamina-
tion. If the doctor turns in despair to tapping long
central venous lines or peripheral venous catheters,
shunts or three-way taps for the sample, mic-
robiologists in turn look despairingly at the ensuing
collection of isolates that may be of doubtful
significance. Under these circumstances, the medical
microbiologist must see the patient and clinicians
and must attempt to relate the findings to the clinical
circumstances.

LABORATORY CONSIDERATIONS
Subcultures need not be done in a laminar flow
cabinet, but still air in a quiet, spacious room helps
to reduce contamination. If a wire loop is used for
subculturing from the bottle, it should be long
enough to ensure that the handle does not enter the
neck of the bottle. Some workers frown on this pro-
cedure and insist on a separate syringe and needle
for each subculture.

In our experience at Edinburgh with an early sub-
culture step at 4-6 h in our routine blood culture
system, we seem to be getting results that make it
easier to distinguish between contamination and a
significant isolate. This study was generated by my
colleague Mr G McInnes after consideration of
results communicated to us by Dr Leela Ganguli at
Manchester.
There are some miscellaneous contaminant situa-

tions that merit consideration. (i) Organisms seen in
stained smears taken directly from the blood culture
bottle must not be contributed from neglected solu-
tions of stains that sometimes contain yeast-like
forms; (ii) if an early centrifugation step is included
to increase the chance of seeing organisms in stained
smears, it should be remembered that some ingre-
dients of culture media contain dead but morpholog-
ically intact bacteria that can confuse the issue; (iii)
viable organisms may be contributed from a heat-
sensitive ingredient added as a supplement to the
blood culture medium after the autoclaving stage.
Quality control of blood culture media is esential
and a record of all contaminants should be kept in
the laboratory.
A challenge to conventional concepts of the steril-

ity of normal blood has been declared by the work of
Bisset and Bartlett9 and others who believe that
L-forms and revertants of Bacillus spp are regularly

Gould, Duerden

associated with the red cells of normal people. The
challenge has gone unanswered for too long and
demands further, independent study. Some workers
have noted that media containing thiol compounds
may become toxic after storage. This aspect of
chemical contamination of a medium merits consid-
eration along with aspects of microbial contamina-
tion and calls for a careful distribution and recall
system for media on the wards combined with qual-
ity control in the laboratory.

Anerobic blood cultures B WATT
Bacteriology Laboratory, City Hospital, Greenbank
Drive, Edinburgh

Anaerobic bacteria can be associated with life-
threatening episodes of bacteraemia and sep-
ticaemia. A recent survey of cases of bacteraemia in
England and Wales showed that 6-5% of all cases
were due to anaerobic organisms, mainly Bac-
teroides spp.s There is, therefore, a need for diagnos-
tic laboratories to be able to recover anaerobes con-
sistently from blood cultures.
Many laboratories may questidn their ability to

recover anaerobes or may seek to compare their
performance with that of other centres. There have
been many comparative studies'0-14 but no one sys-
tem, or single medium emerges as a clearly consis-
tent favourite from this extensive literature. There is
no such thing as a "standard diagnostic laboratory",
and comparison of different isolation rates from dif-
ferent centres may be very misleading because sev-
eral factors other than technical expertise may
influence the results-notably the type of hospital
(hence the type of patient) and the extent of
prophylaxis with agents such as metronidazole. The
purpose of this short paper is not to confuse the
reader by a "conducted tour" of the literature, but
rather to suggest some guidelines that may help
individual laboratories to improve their procedures
to suit their own requirements.
The main factors governing the success or failure

of attempts to recover anaerobes from blood cul-
tures include clinical awareness, sampling techni-
ques, transport of specimens to the laboratory, the
type of blood culture system used, and the blood
culture procedure. Clinical awareness is crucial in
the diagnosis of anaerobic septicaemia; apart from
cases due to Clostridium perfringens, most cases do
not have any characteristic clinical features, so clini-
cians must be aware of the possibility in order that
samples can be processed correctly. Other aspects
such as a careful sampling technique and rapid
transport of specimens to the laboratory need to be
borne in mind. It should always be remembered that
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Blood culture-current state and future prospects

anaerobic bacteriology can demonstrate the pres-
ence of an anaerobe in a blood sample but cannot
prove the absence of anaerobes from such a sample.

BLOOD CULTURE SYSTEMS
Any laboratory that intends to set up a blood culture
system for anaerobes has to decide upon the follow-
ing: (i) number of bottles; (ii) size of the bottle(s);
(iii) volume of culture media in each bottle; (iv)
culture medium; and (v) incubation environment.
Some laboratories use a single bottle, with a

"compromise" medium for culture of aerobes and
anaerobes, but most laboratories use a dual system
with one bottle for aerobes and one for anaerobes
and some authorities recommend a three-bottle sys-
tem.8 Whatever the size of bottle chosen, it is impor-
tant to ensure that the volume of fluid is such that
the addition of a suitable volume of blood leaves
little or no gas space above the culture. The bottle
should be incubated with the cap loosened or with a
plugged vent in an anaerobic atmosphere that
includes 10% CO2 to allow good recovery of
anaerobes.'5 Anaerobic cabinets may prove to be
very useful as anaerobic incubators for such sam-
ples. In many laboratories, samples are either incu-
bated in a CO2 incubator, placing reliance on the
culture medium itself to maintain suitable conditions
for the growth of anaerobes, or samples are col-
lected into vacuum systems that may not provide
any carbon dioxide in the incubation environment.
Neither system will allow optimal recovery of
anaerobes.
Examples of some of the blood culture media

used commonly for anaerobes are show in Table 1,
together with approximate costs. In deciding on a
suitable medium, it is important to bear in mind: (i)
a suitable medium gives both good recovery and sus-
tained viability of anaerobes; (ii) comparative
studies of blood culture media using laboratory
models may not have much predictive value for
results with real samples from real patients; (iii) the
relative costs of different media may vary
considerably-but so may the relative ease of prep-
aration, e.g., cooked-meat broth medium gives very
good results and appears to be reasonably
inexpensive-but it is time-consuming to prepare.

Table 1 Relative costs ofsome commonly-used blood
culture media

Brewers thioglycollate (Southern Group) £33.00*
Thiol broth (Difco) £52-80
Fastidious anaerobe broth (Lab M) £31-00
Cooked-meat broth £22-29

*Costs exclusive of VAT and carriage.
From Ganguli et all'
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WANTED AND UNWANTED CONSTITUENTS OF
BLOOD CULTURE MEDIA
However good the culture medium and the incuba-
tion conditions, the recovery of anaerobes may still
be jeopardised by the presence of inhibitory sub-
stances in media. The most important is probably
oxygen, hence the need for rapid transport of sam-
ples of the laboratory, for media containing reducing
systems and for an anaerobic incubation environ-
ment. Many patients are receiving antibiotic therapy
when blood cultures are taken and many samples
will, therefore, contain antibacterials and/or their
metabolites which may inhibit the growth of
anaerobes. At present it is not possible to inactivate
all such agents in routine tests; this is especially
important in the case of metronidazole.
Some culture media contain thiol compounds or

thioglycollate, which may be toxic for anaerobes.'6
However, their continuing widespread use would
suggest that problems of toxicity are not perceived
to be important in practice. Moreover, substances
that are added to culture media to enhance recovery
of some organisms have been considered to be
inhibitory to others-for example, liquoid (sodium
polyethanolsulphonate) is widely used in culture
media but inhibits the growth of anaerobic cocci,
notably Peptostreptococcus anaerobius, in vitro. Yet
there is little evidence from "in-use" studies that
this substance, when added to blood culture media,
affects recovery of this organism from patients-
indeed a recent study showed that better recovery
was obtained from media containing liquoid that
from media containing a supposedly "non-toxiC'
derivative, sodium amylosulphate.'7

DETECTION OF GROWTH, SUBCULTURE AND
INTERPRETATION
Once a culture has been incubated, the laboratory
must be able to detect bacterial growth. The special-
ised techniques such as gas-liquid chromotogra-
phy,14CO2 detection and impedance measurements
will be considered by Dr Johnston. Although help-
ful, such techniques can only show that anaerobes
are present; they cannot identify the organism con-
cerned. Most laboratories rely upon examination of
cultures by Gram-stained smears and subculture to
solid media. Subculture techniques may be
"blind"-that is, after fixed periods of incubation
such as 24 or 48 h-or may be performed if cultures
appear turbid on visual inspection. If the latter
course is adopted, care must be taken, because, on
the one hand, some media such as cooked-meat
broth are innately turbid whereas, on the other, sus-
pensions of some anaerobes (notably anaerobic
cocci) may appear relatively non-turbid. Subculture
should always be performed onto fresh blood agar
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media, and the seeded plates incubated in careful
anaerobic conditions for at least 48 h.
Once isolated, the identity of an anaerobe and its

sensitivity pattern can be determined-but the
interpretation of the results may be more difficult.
There is a tendency to regard the isolation of every

obligate anaerobe from blood cultures as significant,
but the skin at the site of venepuncture may have a

predominantly anaerobic flora. This is especially so

in debilitated patients, in whom venepuncture may

be difficult and samples may be taken from sites
such as the femoral vein. Just as for aerobic isolates,
microbiologists must ask the question "pathogen or

contaminant?" and seek the answer through full
liaison with clinical colleagues.

Culture of blood for anaerobes is a complex sub-
ject with large and confusing literature. The multi-
plicity of types of media and culture system
described can bewilder and perplex-but attention
to basic principles, coupled with careful techniques
is more important that undertaking elaborate trials
of new media. The patients' interests are best served
when an "anaerobe-conscious" clinician works in
close co-operation with an "anaerobically-
competent laboratory".

Conventional blood culture techniques
DC SHANSON
Department of Clinical Microbiology, St Stephen's
Hospital and Westminster Medical School, London

The object of good, conventional blood culture
techniques is to detect, rapidly and reliably, the pre-
sence of micro-organisms in the blood. It is an

advantage to include detailed written instructions
with each blood culture set to assist the optimal col-
lection of blood cultures. At least two sets of blood
cultures should be collected before the start of anti-
biotic treatment but it is rarely worthwhile to collect
more than three sets.'8 A routine blood culture set
should include, preferably, at least two different
broths for direct inoculation of blood at the beolside.
Occasionally, the use of additional media is
indicated,-for example, when gonococcal bac-
teraemia is suspected; in this instance, broths with-
out liquoid could be included for incubation in an
atmosphere of 10% CO2 in air because liquoid may
inhibit some strains of gonococci.'9

VOLUME OF BLOOD CULTURED
Published studies have recommended increasing
volumes of blood for each set of cultures from
adults; these vary from 10 Ml,20 and 15 ml2' to at
least 20 m122 in the most recent publications. The
culture of a large volume of blood is essential for the

Gould, Duerden

optimal isolation of Gram-negative bacilli such as
Escherichia coli. A large volume of blood is particu-
larly necessary when a low-grade bacteraemia is
suspected which is characteristic of patients with
streptococcal endocarditis.

ADDITION OF SODIUM POLYETHANOL
SULPHONATE ("'LIQUOID") AND DILUTION OF
BLOOD
Clinical trials have demonstrated the value of includ-
ing liquoid routinely in broth used for the isolation
of strict aerobes and facultative anaerobes. The con-
centration of liquoid recommended varies between
0-025 %-0'05%. Only a few aerobic organisms are
inhibited by these concentrations but they include
some strains of Neisseria spp. Liquoid is not recom-
mended for inclusion in the broth used primarily for
the isolation of strict anaerobes because occasional
strains of anaerobic cocci are inhibited.'022 23
Sodium amylosulphate is less inhibitory than liquoid
for anaerobic cocci24 but it is less efficient than
liquoid in neutralising the antibacterial effects of
fresh human blood.

Dilution of blood by a factor of at least 1 in 30
removes the antibacterial effects of fresh blood
against most bacteria without using liquoid,25 and a
1 in 17 dilution appears satisfactory for the isolation
of anaerobes from thioglycollate media.'0 However,
the dilution of blood in the broth required for the
optimal recovery of bacteria varies for different
types of organisms even when liquoid is included. A
recent study suggests that significantly better isola-
tion of Streptococcus pneumoniae is obtained with a
1 in 5 dilution of blood in liquoid broth than with a 1
in 10 dilution, but that more isolations of E coli are
obtained with a 1 in 10 dilution than with a 1 in 5
dilution of blood in liquoid broth.26 It is suggested
that the bottles in each blood culture set should
include at least two different dilutions of blood in
the broths.

MEDIA FOR AEROBES
The media used most commonly for the isolation of
aerobes from blood cultures include nutrient broth,
glucose broth, tryptone soya broth, brain-heart infu-
sion broth, and diphasic media. The data available
from clinical trials suggest that there are few major
differences between the results obtained with these
media provided that the bottles do not contain a
vacuum at the time of inoculation. If the media are
not vented there may be poor recovery of strictly
aerobic organisms including Pseudomonas aerugin-
osa and Candida albicans.27 Glucose 0-1% is often
added to nutrient broth for blood cultures. If much
higher concentrations of glucose are used, the organ-
isms may be killed soon after the start of growth by
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the acid produced by fermentation. However, there
are no published reports that have investigated the
value of adding glucose 0 1% to broth for blood
culture. In a recent clinical study of patients under-
going dental extractions there was no significant
advantage in adding glucose 0a 1% to nutrient broth
for the detection of bacteraemia due to viridans
streptococci.28 Diphasic media save a great deal of
labour during subcultures and are also associated
with a reduced laboratory contamination rate during
prolonged incubation periods such as those required
for the isolation of Brucella spp. Nonetheless, the
broths of diphasic media require subculture on to
blood agar at least once during the first 48 h of
incubation as some strains of streptococci,
haemophili and neisseriae might not produce
easily-seen colonies on the agar in the diphasic bot-
tle.2' If only a small volume of blood is available for
culture it is probably best to inoculate a broth that
will support the growth of both aerobes and
anaerobes such as fastidious anaerobe broth.

AEROBIC CO2 ATMOSPHERE FOR BROTH
CULTURE
Ideally, one of the aerobic bottles in the blood cul-
ture set should be incubated in air with CO2 10%

and the CO2-10-ml-liquoid nutrient broth men-
tioned in the ACP Broadsheet is recommended.2'
Many of these bottles can be conveniently incubated
with the caps loose in a CO2 incubator. I have seen
extremely carboxyphilic strains of Haemophilus
aphrophilus and Str mutans isolated from this
CO2-broth long before other broths in the set
became positive.

MEDIA FOR ANAEROBES
Blood culture media vary considerably in their abil-
ity to yield the early growth of strict anaerobes.'0
Cooked-meat blood culture media that were com-
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mercially available in Britain in 1973 were associ-
ated with the late isolation of non-sporing
anaerobes, although the viability of the organisms
was good once growth had started.0'0" In contrast
certain thioglycollate media, including Brewer's
thioglycollate from Southern Group Laboratories
gave more isolations of anaerobes at an early stage
of incubation. The most abundant growth of Bac-
teroides fragilis occurred with USP thioglycollate but
the organisms were quickly killed after growth had
started in this medium. A mixture of glucose digest
broth and cooked meat supported the early growth
and sustained viability of anaerobes.'° During the
last few years there has been much improvement in
the range of good anaerobic media available for
blood culture, including fresh home-made
cooked-meat mixed with brain-heart infusion
broth,'3 fastidious anaerobe broth,'4 home-made
thioglycollate medium containing Panmede2 and
brain-heart infusion broth supplemented with cys-
teine.30 Recently, we have shown that brain-heart
infusion broth supplemented with both cysteine and
Panmede is excellent for the growth of fastidious
non-sporing anaerobes in simulated blood cul-
tures.3' A recent study showed that the performance
of anaerobic media deteriorated with storage,32 and
it is important to ensure that media are not kept on
the wards for many weeks before use.

RECOMMENDED ROUTINE BLOOD CULTURE SET
An example of a routine blood culture set that
satisfies many of the requirements discussed above is
shown in Table 2. The total volume of blood cul-
tured from an adult in this set is 15 ml; there is a

range of dilutions of blood of from 1 in 3 to 1 in 18;
the broth used for the isolation of strict anaerobes
does not include liquoid, and the CO2 broth is for
strict anaerobes and carboxyphilic organisms.

Table 2 A recommended blood culture set

Volume of Liquoid Volume of blood Incubation Organisms
medium (%o) added (dilution)

1 Carbon Nutrient 10 ml 0-05 5 ml (1 in 3) Air plus Strict aerobes*
dioxide brotht 10% carbon and facultative
bottle dioxide anaerobes*

2 Aerobic Glucose (0.1%) 50 ml 0-05 5 ml (1 in 11) Air Strict aerobes
bottle broth and facultative
(diphasic anaerobes
medium)

3 Anaerobic Fastidious 75 ml - 5 ml (1 in 16) Cap tight Strict anaerobes
bottle anaerobe broth and facultative

anaerobes

*Including carboxyphilic organisms such as Brucella abortus and Haemophilus aphrophilus.
tPrepared according to the method given in ACP Broadsheet 81.
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REMOVAL OF ANTIBACTERIAL EFFECTS DUE TO
ANTIBIOTICS
When the patient is receiving antibiotics at the time
of collection of the blood culture, a useful reduction
of the antibacterial effect will be obtained by dilut-
ing the blood by a factor of at least 1 in 10. Broad
spectrum 83-lactamase may be added to one of the
broths in the set when appropriate, but this carries
an increased risk of contamination33 and the
,8-lactamase should be tested for sterility simultane-
ously in another broth not containing blood. Most
authorities do not recommend the routine addition
of sucrose to isolate L-forms. Some constituents of
media-for example, Thiol, may antagonise certain
antibiotics.'2 34 Conflicting results have been
obtained in recent studies with an ion-resin device
for the removal of antimicrobials which has been
introduced in the USA.35

DURATION OF INCUBATION OF THE BROTHS
Common pathogens such as E coli and Staphylococ-
cus aureus are usually isolated from the blood of
patients with septicaemia during the first 2 or 3 days
of incubationn of the broth. In practice, it is not
worthwhile incubating the broths for longer than
one week when the clinical diagnosis is sep-

ticaemia.36 If the patient has PUO or clinical evi-
dence of infective endocarditis, the broths should be
incubated for at least three weeks because occasion-
ally important pathogens such as H aphrophilus,
Brucella abortus and Eikenella corrodens are iso-
lated only after prolonged incubation. When brucel-
losis is strongly suspected clinically, diphasic media
should be incubated in a CO2 atmosphere for up to
six weeks.

DETECTION OF A POSITIVE BLOOD CULTURE
The three main methods for the rapid detection of
positive blood cultures remain daily macroscopic
inspection of the broths, immediate Gram-stained
smears of suspect broths that look positive macros-

copically and routine subcultures of all blood cul-
tures within 24 h of collection.' Work is in progress
to evaluate the usefulness of routine subcultures
after incubation for 6 h. Gas-liquid chromatography
has been disappointing for detecting positive cul-
tures earlier than the conventional methods. Other
tests for the recognition of specific microbial anti-
gens such as the CIE test for Klebsiella antigen," or

rapid agglutination tests for detecting salmonellae in
a broth, are only occasionally applicable.
When colonies are seen in the broth culture, it is

preferable to transfer some of these with a sterile
Pasteur pipette to a sterile screw-capped vial for
preparation of Gram-stained smears, subcultures
and other investigations. Anaerobic broths under

Gould, Duerden

vacuum are best subcultured with a syringe and nee-
dle to help maintain the vacuum. Whichever
methods are used for subculture every effort must
be made to avoid laboratory contamination (see
Professor Collee's paper). A second routine subcul-
ture is sometimes advocated after 48 h and this is
practicable when diphasic media are used. A final
subculture is recommended before the broths are
discarded although few further positive cultures are
detected at this stage.

Fresh blood agar is recommended for subculture
and all the plates should be incubated in an atmos-
phere containing 10% CO2 for at least 48 h. In prac-
tice, anaerobes are rarely isolated today, possibly
due to the widespread clinical use of drugs such as
metronidazole, and it has been suggested that only
aerobic incubation is necessary for routine subcul-
ture plates. However, an anaerobic plate is also use-
ful for interpretation of the occasional query about
plate contamination that may arise.

ISOLATION OF DIFFICULT ORGANISMS AND
FURTHER INVESTIGATIONS
If a broth is suspected of being positive and the
routine subculture is negative, further procedures
may be indicated for the isolation of fastidious
organisms-for example, pyridoxal dependent
strains of viridans streptococci, Mycoplasma
hominis, Campylobacter jejuni and Legionella
pneumophila. The need for appropriate further sub-
cultures depends upon the results of Gram-stained
smears of the broth and the clinical circumstances.
If, for example, the patient has the clinical signs of
endocarditis and Gram-positive cocci are seen in the
broth, the blood agar subculture plates should have
a streak of S aureus applied after inoculation of the
broth so that satelliting streptococci can be isolated
near the streak after incubation. Rapid identification
and antibiotic sensitivity tests on the isolates are
essential. These tests are discussed in detail else-
where.' 213438

INTERPRETATION OF ISOLATES
Occasionally, the clinical significance of an isolate is
uncertain but, as a general rule, any organism that is
isolated from two or more different blood culture
sets should be considered significant. Some organ-
isms previously considered to be contaminants-for
example, S epidermidis, have been recognised
increasingly as causes of septicaemia in patients
receiving intravenous therapy. Viridans streptococci
may have been mistaken occasionally for diph-
theroids in the Gram-stained smears of broths in
cases of endocarditis. An occasional isolate of a viri-
dans streptococcus may be difficult to interpret. A
simple serum fluorescent antibody test using the
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patient's streptococcus will almost always show a
titre of 400 or greater when endocarditis is pres-
ent.39 A titre of <100 is found with this test when
the blood culture isolate represents only a transient
bacteraemia from the mouth.
Whenever a positive blood culture is detected the

clinical microbiologist will discuss the findings
immediately with colleagues, preferably at the bed-
side of the patient. In this way, most isolates can be
satisfactorily interpreted.

Rapid methods for the diagnosis of
bacteraenia HH JOHNSTON
Public Health Laboratory, John Radcliffe Hospital,
Oxford, OX3 9DU

Several rapid and automated techniques have been
used for the early detection of bacteraemia. These
comprise: (i) immediate tests for bacterial antigen or
other chemical indicator substances; (ii) concentra-
tion techniques to increase the sensitivity of existing
methods; and (iii) the use of a detector system for
automated or semiautomated monitoring of
laboratory culture systems.

IMMEDIATE TESTS
The main merit of tests for bacterial products is
speed, but their sensitivity and specificity are invari-
ably lower than those of conventional culture. Clini-
cal evaluation has concentrated on three types of
test-Limulus Amoebocyte Lysate (LAL), Gas
Liquid Chromatography (GLC) and Counter-
current Immunoelectrophoresis (CIE).
LAL is a very sensitive test for endotoxin and is

highly specific. Sensitivity is reduced by inhibitory
substances in serum and plasma. In clinical use,
results are conflicting and the sensitivity varies bet-
ween 75% and 10% when compared with positive
culture from Gram-negative organisms. False posi-
tive results are also seen and the prognostic value of
a positive LAL result is uncertain.
GLC is a means of detecting volatile products of

bacterial metabolism or portions of the bacteria
themselves in blood. Clinical experience is limited
but, according to some reports, 100% detection of
bacteraemias caused by Streptococcus pneumoniae,
Mycobacterium tuberculosis and certain Gram-
negative bacilli can be achieved. Other workers have
had less success but most reports agree that yeast
infections are readily detected. The test is per-
formed on serum and is rapid. Further extensive
investigation will be needed to establish whether
GLC is suitable for the routine laboratory.
CIE offers the possibility of detecting and ident-

ifying organisms causing bacteraemia. Unlike the
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other rapid techniques, its usefulness is limited to
the detection of specific micro-organisms. Work
with this technique has concentrated upon
Haemophilus influenzae, Str pneumoniae and Neis-
seria meningitidis. Sensitivity of CIE is low and
rarely approaches 50%. Important limiting factors
are the requirement for an antiserum of high titre
and the lack of specificity of many bacterial antigens.

CONCENTRATION TECHNIQUES
In normal laboratory practice, substances that may
inhibit bacterial growth are either specifically neut-
ralised or diluted out. The recent introduction of an
ion-exchange resin cocktail for the removal of anti-
microbials is an example of such an approach. Filtra-
tion or centrifugation offer the possibility of remov-
ing antimicrobial agents and, at the same time, con-
centrating organisms sufficiently to permit immedi-
ate or early detection. In the face of such obvious
attractions, it must be assumed that most workers
regard these methods as inconvenient or cumber-
some and it is self-evident that concentration should
be carried out as soon as possible after collection.

Filtration involves the use of membranes that
retain bacteria. There is an extensive literature,
much of it concerned with technical problems that
include problems in filter design and optimisation of
the lysing system. Blood cells are removed either by
differential filtration, with variable success, or by
lysis, which is often toxic for bacteria. Clogging of
filters results in long processing times for small vol-
umes of blood. I found that the filtration equipment
for blood culture marketed by the market leader in
membrane filtration was of no practical use for these
reasons. However, recent reports suggest that cur-
rent techniques are more successful. The crucial fac-
tors appear to be the choice of lytic agent and care-
ful control of pH. "Triton X 100", "Rhozyme" and
"Varidase" have been used; "Triton X 100" is toxic
for bacteria and must be used only at low concentra-
tions.

Lysis-centrifugation is a complicated procedure in
which anticoagulant is added, the erythrocytes are
lysed and the bacteria and leucocytes are cen-
trifuged on a density layer of sucrose-gelatin. Inevit-
ably, contamination is a problem.

It is difficult to assess the effectiveness of concent-
ration procedures. They appear to work in some
hands, but objective analysis casts doubts on claims
that in the clinical laboratory these methods are
either more sensitive or more rapid that a carefully
operated conventional culture technique.

AUTOMATED METHODS
It is incorrect to describe the currently available
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automated techniques for blood culture monitoring
as rapid, because all depend upon the detection of
bacterial growth which is not accelerated by the pro-
cedure. Several detector systems have been investi-
gated with a view to automation. Some-for exam-
ple, bioluminescence and microcalorimetry, appear
to have no relevance in the clinical laboratory, but
two methods require serious consideration-
radiometry and impedence-conductance.
Radiometry involves the radiometric detection of
'4CO2 produced by bacterial metabolism of 14C
labelled substrates and is available commercially as
the BactecR system. The instrument samples head
space gas above a broth culture to which the
patient's blood has been added. Any labelled gas
evolved is deemed to be due to bacterial growth and
the culture is declared "provisionally positive" when
a predetermined 14C value (the "growth index") is
achieved. Cultures are incubated independently of
the detection instrument and have to be placed in it
for reading. The instrument is a substitute for the
daily visual inspection performed in most clinical
laboratories. Results with the Bactec appear to be
equivalent to those obtained by conventional
methods. In a recent study we found that the rate of
positivity detected by Bactec (7%) was equal to that
detected by routine culture for 2000 blood speci-
mens. No organism was missed by the Bactec system
and there was an enhanced recovery of non-sporing
anaerobes and yeasts. The use of the instrument was
justified economically and it was popular with
laboratory staff. There are some controversial
aspects of the use of Bactec, particularly the
requirement for blind subcultures. Published evi-
dence suggests that it is necessary but the results of
the current study do not support the recommenda-
tion. There is no evidence to support claims of
increased speed or sensitivity for this system in com-
parison with conventional culture, but its conveni-
ence is undeniable.
Impedance-conductance Growing bacteria produce
alterations in the flow of alternating current in the
culture medium as a result of metabolism of subs-
trates. Workers in the UK and USA have shown
that electrical measurements with sensitive instru-
ments indicate bacterial growth and can be used to
detect growth in blood-culture systems. The main
problems have been the sensitivity and stability of
the instrumentation. However, these have been
largely overcome and practical, commercially pro-
duced systems will soon be available. Cultures will
be on-line and continuously monitored which should
provide the earliest growth detection in a system
that has the required sensitivity. It is to be hoped
that the requirement for blind subculture will be
eliminated.

Gould, Duerden

CONCLUSIONS
Rapid methods and automation already offer
acceptable alternatives to conventional culture but
the advantages are marginal. The greatest benefit is
in convenience, a matter of considerable significance
in a stressed routine laboratory. Rapid methods are
only relevant in specific situations such as epidemics,
but automated systems are of more general interest.

COMMENT
In the course of opening the general discussion, Dr
CED Taylor (Public Health Laboratory, Cam-
bridge) reported favourably on a trial being per-
formed in Cambridge of equipment manufactured
by Malthus Instruments (now part of the Johnson
Matthey group) for measuring electrical conductiv-
ity in blood cultures. As well as allowing rapid detec-
tion of bacterial growth, the use of this equipment
obviates the need for frequent subculturing of blood
cultures. The equipment also has potential value for
rapid bacterial identification and antimicrobial sus-
ceptibility testing.

Bactenogenic shock I MCA LEDINGHAM
Department of Surgery, Western Infirmary, Glasgow

The possibility of bacteriogenic shock should be
considered whenever cardiovascular instability
occurs in a patient with major infection. The fully
developed syndrome leaves little doubt as to diag-
nosis and the attendant mortality is high. Treatment,
if it is to be successful, must be instituted in the
course of the condition, often before the diagnosis
can be confirmed. Fortunately, acute resuscitation of
a patient suffering from any form of shock is
influenced more by the nature of the associated
physiological disturbance than by specific aetiologi-
cal factors. Success of subsequent treatment, how-
ever, is largely dependent on detection of the under-
lying cause.
These observations are particularly relevant in

bacteriogenic shock, the immediate management of
which may necessitate the simultaneous correction
of hypovolaemia, hypoxaemia and cardiac failure in
addition to the administration of antibiotics to com-
bat bacteraemia. Thereafater, rapid identification of
the source of sepsis is essential and, in many
instances, surgical intervention will be required to
deal with a focus of infection. The ultimate fate of
the patient is determined by the clinical course of
the underlying pathological process, the integrity of
the host defence mechanisms and the presence of
associated disease.

PATHOPHYSIOLOGICAL MECHANISMS
The pathophysiological basis of bacteriogenic shock
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is a complex mixture of factors, only one of which is
the presence of infection. Shock occurs in associa-
tion with both Gram-positive and Gram-negative
infections-less frequently in the former (approx 1
in 10 patients) than in the latter (approx 1 in 3
patients). In the past it was believed possible to dis-
criminate between Gram-positive and Gram-
negative septic shock on clinical grounds, but recent
evidence makes it clear that this is untrue. In a study
of 59 patients, Wiles et al40 were unable to detect a
difference in any physiological variable between
infections with different organism groups, or bet-
ween specific organisms. After initial resuscitation,
all patients exhibited a hyperdynamic cardiovascular
response with abnormal vascular tone; some
myocardial depression was evident in most patients.
Mortality was >70% in both Gram-positive and
Gram-negative septicaemia. They concluded that
while the pathogenesis of the septic response
remained unclear, it did not seem to be peculiar to a
specific micro-organism. This supports the conten-
tion that the fate of patients suffering from bac-
teriogenic shock is determined by the speed and
adequacy of initial resuscitation and, thereafter, by
the nature of the underlying disease process.

In the early stages of bacteriogenic shock (the
hyperdynamic phase), cardiac output is often high
and the skin warm and dry. Urine output may be
raised and some patients may exhibit an inappropri-
ate polyuria at the expense of effective circulating
plasma volume. These effects are related to the pre-
sence in the circulation of pyrogens and to the
release by bacterial products of plasma kinins, his-
tamine and prostaglandins of the E series.4' These
agents may later contribute (by direct effects on
capillary permeability) to the transudation of fluid
from capillaries. The primary respiratory response is
hyperventilation, mediated by both central and
peripheral mechanisms, and arterial blood gas
analysis may reveal only some reduction in Pco2.
Metabolic acidosis in bacteriogenic shock is more
variable than in other forms of shock and, therefore,
less reliable as a prognostic indicator.42

In the later stages of bacteriogenic shock (the
hypodynamic phase), cardiac output falls and there
is marked hypotension, peripheral vasoconstriction
and oliguria. These effects are almost certainly
caused by the release of catecholamines and
angiotensin II. More recently discovered substances
such as thromboxane A2, derived from damage
platelets, may augment this reaction particularly in
the pulmonary circulation43 and contribute to a
deterioration in pulmonary gas exchange with a
progressive fall in arterial P02. Metabolic distur-
bances appear earlier in bacteriogenic shock than in
other forms of shock. Characteristically, the
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arteriovenous oxygen difference falls and, in some
patients, oxygen consumption may be very low."
The most likely explanation for this observation is
impaired cell metabolism. This metabolic defect
interferes with capillary and cell membrane function
and prevents the cells from utilising oxygen and
energy substrates properly to form ATP. Lipolysis
occurs with high circulating levels of free fatty acids
and serum triglycerides.45 In muscle there is a block
to the intracellular oxidation of glucose, which
together with an inability to utilise ketone bodies
leads to increased catabolism of branched chain
amino acids. The disturbance in carbohydrate
metabolism may be the result of inhibition of certain
reactions in the citric acid cycle which may account
for the lower levels of lactate in bacteriogenic shock
than would otherwise be expected. Hypophos-
phataemia and hypocalcaemia are also common.
Many of the haemodynamic and metabolic effects

that have been described may be attributable to cir-
culating endotoxin-the complex lipopolysaccharide
coating of Gram-negative bacteria-and in particu-
lar to the lipid-A moiety. Endotoxin causes aggrega-
tion of platelets by direct damage to the cell wall,
and of white cells by an indirect action via activated
complement. Platelet aggregation leads to the for-
mation of thrombi in the microcirculation at a rate
that may swamp fibrinolytic and reticuloendothelial
phagocytic mechanisms. White cell aggregation may
also cause plugging of the microvasculature with
damage of the capillary endothelium resulting from
direct contact with toxic oxygen radicals, such as
superoxide anion and hydrogen peroxide, released
from the leucocytes.4647 These microcirculatory dis-
turbances may be observed widely throughout the
body and may result in focal necrosis in the lung,
kidneys, liver and other organs.

In the lung, damage to the capillary endothelium
leads to the development of protein-rich pulmonary
oedema which, if not arrested early, may progress to
the fully developed adult respiratory distress syn-
drome. In the kidney, endotoxaemia may cause an
already reduced glomerular filtration rate to fall
further and precipitate acute renal failure. If the
source of sepsis can be eradicated, recovery is poss-
ible.

Jaundice may occur in the presence of extrahepa-
tic Gram-negative infection. The jaundice is choles-
tatic, typically reflected in elevation of conjugated
serum bilirubin and alkaline phosphatase, with
modest increases in serum transaminases. The his-
tological appearances in the liver are those of inter-
cellular and intracanalicular bile stasis with little or
no evidence of parenchymal damage. The observed
cholestasis in sepsis may be caused by the inhibitory
effect of endotoxin on the active sodium transport
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mechanisms of hepatocytes.4 Failure of liver func-
tion abnormalities to return to normal within a few
days of a septic insult often indicates a persisting
source of major infection.495s

Attention has once again begun to centre on the
role of the hepatic Kupffer cells in the removal of
bacteria and their breakdown products, including
endotoxin, from the circulation. The activity of these
cells is inhibited during an episode of bacteriogenic
shock5' and the success of treatment may well be
determined by the degree of functional recovery
which ensues after the phase of resuscitation.

PATIENTS AND CLINICAL COURSE
Most patients who develop bacteriogenic shock
become infected while in hospital, often following
operations on the gastrointestinal or genitourinary
systems and particularly when surgery has been per-
formed under emergency or semielective conditions.
Major trauma and burns carry an increased risk of
Gram-negative sepsis and bacteriogenic shock5253
and the transplant patient is also more than usually
liable to develop these complications. The non-
surgical causes of bacteriogenic shock include
pneumonia, endocarditis, meningitis and der-
matological infections. Advanced age, diabetes,
malnutrition, uraemia, malignancy and immunologi-
cal defects are common associated findings, as is

treatment with chemotherapeutic and corticosteroid
drugs.

Mortality is high amongst patients who have suf-
fered an episode of bacteriogenic shock but may
vary from 15% in otherwise healthy young women

after septic abortion54 to 84% in elderly patients
with faecal peritonitis.55 Improvement in techniques
of resuscitation has reduced the incidence of deaths
during the period of shock. More often, the patient
survives the acute episode and appears to be improv-
ing only to develop, perhaps several days later, a

complication such as respiratory failure, renal fail-
ure or bleeding which sets the scene for multiple
organ failure. At necropsy most of these patients
have evidence of unresolved sepsis.
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