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Clinical review

Recent advances
Medical microbiology

Harold Richardson, Fiona Smaill

Adequate clinical management of infectious diseases
relies primarily on the accurate identification of the
causal micro-organism and the production of reliable
information on its antimicrobial susceptibility.' Tra-
ditional diagnostic methods in microbiology have lim-
ited the ability of laboratories to provide doctors with
timely and clinically relevant information, but recent
technology provides results in minutes or hours rather
than days or weeks. In particular, molecular biological
techniques have increased the speed and sensitivity of
detection methods, as well as allowing laboratories to
identify organisms that do not grow or grow slowly in
culture. These techniques also allow microbiologists to
identify genes that result in resistance to antibiotics and
to “fingerprint” individual isolates for epidemiological
tracking.® Recognition of newly emerging infectious
diseases and control of antibiotic resistance in
Streptococcus pneumoniae, Haemophilus influenzae, Morax-
ella catarrhalis, Staphylococcus aureus, and common
Gram negative bacilli will rely heavily on these new
technologies.

Method

We have included references that provide critical infor-
mation on new approaches to the laboratory diagnosis
of infectious diseases. Most were identified by us during
our review of the literature, with additional references
being found with a Medline search using Grateful Med
as the search engine. We searched under the terms
infectious diseases, diagnosis, and laboratory.

‘We have included citations to reviews and to studies
that critically compared a new method with an
established standard method. Trials in diagnostic
microbiology often do not comply with a randomised,
double blind design, and we have included only those
that meet currently acceptable study design.

New diagnostic methods

Immunoassays

Detection of microbial antigens in clinical samples has
great potential for rapid diagnosis. Latex particle
agglutination and coagglutination tests, enzyme linked
immunoassays, and direct immunofluorescence anti-
body assays have been available for some vyears.
Although medical microbiology laboratories have rec-
ognised the benefits of using these tests (technical sim-
plicity, rapidity, specificity, and cost effectiveness), they
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simplicity, rapidity, specificity, and cost
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An ever increasing range of viruses, bacteria,
fungi, and protozoa can be detected and
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have generally continued to use culture methods.” In
spite of their many advantages, immunoassays have
poor sensitivity and low negative predictive value. The
next generation of optical immunoassays may be more
useful diagnostically.

Automated and semiautomated systems

Automated and semiautomated systems have been
available for some years but without full realisation of
their potential for rapid diagnosis. They fall into two
main groups: identification and susceptibility testing
instruments and blood culture systems. Whereas some
identification and susceptibility testing instruments
take as long as traditional methods, others provide
results within a single working day.' The full healthcare
benefits are seen when a laboratory is staffed 24 hours
each day and doctors are available to receive and act on
the information day or night.

Blood culture systems have had considerable
impact on the ability to detect bacteraemia. Growth is
detected through generation of a radiometric signal or
a fluorescent or colorimetric indicator. Most true posi-
tive results are detected within 24 to 36 hours. Identifi-
cation and susceptibility results may be obtained in
many blood culture isolates within the same time when
a blood culture system is combined with an automated
identification or susceptibility testing instrument. Some
of the blood culture systems have been adapted for the
automated or semiautomated culture of Mycobacterium
tuberculosis and other mycobacteria. These commercial
systems reduce the traditional dependence on bio-
chemical reactions to identify organisms; avoid the
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Fig 1 Lysis of staphylococcus aureus

many tedious, labour intensive steps between isolating
and reporting clinically significant bacteria; provide
rapid results; and perform tests more reproduibly.” °
Commercial microbiology systems have limita-
tions. Organisms may be incorrectly identified when
the isolate shows unusual biochemical reactions or
when the database does not include the correct identi-
fication. Most systems give the probability of the result
being correct, and low probability should not be
ignored. The short incubation time of susceptibility
tests in some systems may cause problems. Bacteria
with heteroresistance to B lactam drugs, inducible
resistance mechanisms, or susceptibility gene mutation
may be misclassified. The resistance of pneumococci to
penicillin, enterococci to glycopeptides, staphylococci
resistance to oxacillin, and Enterobacteriaceae to
lactam drugs may be missed.” ™ When commercial
systems are known to have difficulties, laboratories
should use supplemental testing with manual methods
that have been proved to be satisfactory for
problematic combinations of organisms and drugs.

Molecular biological methods

Nucleic acid probe hybridisation, the polymerase chain
reaction, the ligase chain reaction, transcription medi-
ated amplification, other evolving amplification meth-
ods, and nucleic acid sequencing form the basis of
detecting and characterising an ever increasing range of
viruses, bacteria, fungi, and protozoa. This information is
needed to type strains for infection control and other
epidemiological purposes and to detect resistance genes
or their surrogate markers. Nucleic acid probes are com-
mercially available for cytomegalovirus, human papillo-
mavirus, hepatitis B virus, hepatitis C virus, Chlamydia
trachomatis, Neisseria gonorrhoeae, Streptococcus pyogenes,
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and mycobacteria among others. Nucleic acid amplifica-
tion systems are available for the direct detection in
clinical specimens of hepatitis C virus, HIV, M tuberculo-
sis, C trachomatis, and N gonorrhoeae.* "'

With increasing availability of cost effective
commercial systems, laboratories will be able to
capitalise on the extreme specificity, high sensitivity,
and rapidity of these molecular approaches.” In the
mean time, challenges need to be overcome, including
the need for specialised equipment and segregated
rooms in laboratories, the sampling and purifying of
target nucleic acid, the use of polymerase inhibitors in
the specimens, and the degradation of nucleic acid tar-
gets. Currently, these techniques should be applied
only to detect micro-organisms whose available
diagnostic approaches are markedly insensitive or
non-existent or when turnaround times for existing
tests are much longer than can be achieved using
molecular methods.”

Application of new diagnostic methods

Respiratory infections

Among the first of the rapid diagnostic approaches was
immunoassay detection of group A streptococcal anti-
gen in patients with pharyngitis." These systems are
intended for use in primary care or other ambulatory
care settings; they provide results within minutes and
are highly specific. Their greatest drawbacks are cost
and lack of sensitivity. Negative results must be
confirmed by conventional culture. Even the molecular
probe shows only 90% sensitivity compared with
conventional culture.”

Lower respiratory viral and bacterial infections are
common. Laboratory diagnosis of these infections is
notoriously unreliable. Earlier rapid methods such as
the detection of circulating bacterial polysaccharide in
urine and blood by latex agglutination, counterimmu-
noelectrophoresis, or enzyme linked immunoabsorb-
ent assay lacked sensitivity and specificity."” Nucleic
acid amplification techniques show more potential for
detecting a wide range of pathogens, including
rhinoviruses, coronaviruses, hantaviruses, respiratory
syncytial virus, Bordetella pertussis, C pneumoniae, M
preumoniae, and Coxiella burnetii.” Infections due to
Legionella species, fungi, and Preumocystis carinii can be
detected using molecular techniques but are probably
better diagnosed using immunofluorescent methods.

There has been particular interest in the direct
detection of M tuberculosis in sputum by nucleic acid

Fig 2 A clear zone of inhibited bacterial growth (left) shows sensitivity to penicillin
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amplification. Early diagnosis facilitates effective infec-
tion control and initiation of specific treatment. The
available commercial systems have excellent specificity.
Sensitivity is around 95% for acid fast smear positive
specimens but drops to around 65% for smear negative
samples.”” At present, amplification methods cannot
replace culture methods because of their lack of sensi-
tivity and because molecular methods currently detect
only resistance to rifampicin. More conventional
systems are needed to detect resistance to other
antimycobacterial drugs.

Central nervous system

Detection of the causal agents of meningitis on the
basis of immunoassay has been available for some
years. The clinical value and usefulness of these assays
has been controversial. Generally they are insensitive
when compared with culture, and they have been
largely abandoned except possibly for the detection of
Cryptococcus neoformans.

Nucleic acid amplification, mainly by the polymer-
ase chain reaction, has been applied to the diagnosis of
bacterial and viral meningitis and to viral encephali-
tis."” As yet, much of work is in the hands of individual
investigators and the methods are not developed to the
point where they can be implemented in routine
microbiological testing of patients with meningitis.

Viral diseases

Molecular diagnosis of an ever increasing scope of viral
infections fills much of the microbiology literature.
Included are human papillomavirus, cytomegalovirus,
hepatitis B virus, hepatitis C virus, and herpesvirus, to
name but a few. Molecular techniques will permit rapid
diagnosis in otherwise difficult circumstances, as well as
the rational use of specific antiviral therapeutic agents.

Sexually transmitted diseases
Commercially available panels of reagents to detect the
common organisms in sexually transmitted diseases are
either available or will become so soon. Individual
amplification and detection of specific agents has been
available for some time. Perhaps the greatest interest has
been in the detection of C trachomatis in cervical or ure-
thral swabs and in urine. When compared with enzyme
immunoassays and culture, nucleic acid hybridisation
assays for this organism have greater sensitivity.”
Molecular methods undoubtedly have enormous
potential in diagnosing infectious diseases. New

molecular methods will be widely accepted and imple-
mented routinely within the next decade.”
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One hundred years ago

The Roumanian soldier and the spirit ration

The Roumanian soldier receives for breakfast either spirits, coffee,
or tea. Some military surgeons believe that spirits at this meal
should be abolished. The drinking of spirits has reached such a
height among the agricultural population of Roumania that
medical and judicial warnings are frequent, and the time is
believed to have come for an energetic crusade against this evil.
In 1894 a circular was issued by the Minister of the Interior
stating that the excessive use of spirituous beverage was steadily
increasing, causing, in a certain proportion of the inhabitants,
alcoholism, tending directly to sterility, mental disease, premature
death, poverty, and crime. A high medical official reported for the

year 1892-93 that the number of lunatic asylums was no longer
sufficient for the patients, and that the prevalence of disease was
due to two causes—excess in the use of spirits, producing
alcoholism, and the consumption of unsound maize, producing
pellagra. These and other facts render the abolition of the spirit
issue for breakfast desirable. As a matter of fact many soldiers
take coffee instead of spirits at breakfast, and on leaving the army
carry this habit into their homes. There can be no doubt that an
issue of spirit at breakfast is not only unnecessary but injurious,
and presumably few, if any, military surgeons would recommend
it for the soldier. (BMJ 1898;ii:1452)
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