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ABSTRACT

Clinicians have always been concerned with the prompt and accurate diagnosis of infectious diseases. With the advent of modern
technology, such as automated identification systems and molecular testing, traditional methods such as microscopy and culture,
which have been useful for decades, are no longer considered sufficient. This has consequently led to the idea that traditional
methods are unnecessary and should be replaced completely with molecular methods. The author wants to shed light on the value
of conventional methods, which represent some of the simplest and most cost-effective ways to diagnose infectious diseases. These
methods also provide valuable information regarding antimicrobial susceptibility, which is instrumental for antimicrobial steward-
ship initiatives. The author recommends that conventional and molecular methods should be used in conjunction wherever appli-
cable, rather than being used exclusively, especially in developing countries with limited molecular testing facilities.
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Microbiology laboratory services have been profoundly affected
in recent decades by the development and application of
innovative diagnostic techniques. For many years, microscopy,
culture, and biochemical testing have served as the primary
means for microbial identification and susceptibility testing.
Although most laboratories are still performing these tests,
molecular approaches are becoming more common. They are
either supplementing current diagnostic algorithms or
replacing conventional methods. In this communication, the
author intends to define an inclusive strategy for microbiology
laboratories so that both conventional and molecular methods
can be used effectively for diagnosing infectious diseases.

Molecular techniques have consistently demonstrated their
efficacy in diagnosing infectious diseases and have become the
cornerstone for identifying various viral, parasitic, and culture-
negative bacterial infections.** Various molecular techniques
have been developed over the decades, each serving an instru-
mental role in elucidating distinct aspects of infectious
diseases. Many laboratories around the world have developed
and routinely use a wide range of commercially available
nucleic acid-based tests.’
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The polymerase chain reaction (PCR), in which target DNA is
amplified by heating-cooling cycles involving specific DNA
primers, substrate, and DNA polymerase, is commonly
employed in nucleic acid-based assays.® Furthermore, real--
time PCR involves monitoring the PCR reaction as it proceeds,
toenablethe detectionofthefinal productand quantification of
the initial DNA content.” RNA targets can also be amplified
through similar methods.

In certain clinical situations, it is desirable to test for the pres-
ence or absence of a specific organism. Other scenarios might
warrant evaluation of multiple potential pathogensin a clinical
specimen, which has now become possible through a variety of
advanced molecular techniques. One such technique is the
multiplexreal-timePCR, whichallowsforthesimultaneousanal-
ysis of multiple nucleic acid targets in a single tube by using
various primers with different detection markers.

The traditional phenotypic identification method for micro-
organismspeciationhasbeenreplacedbysequencing. Techno-
logical developments and automation have made sequencing
considerably more cost-effective, enablingits ubiquitous appli-
cation in reference microbiology laboratories. Nucleic acid
amplification, purification, and subsequent sequencing are the
general steps in the standard sequencing process. Ribosomal
RNAgenesarethemaintargetsduetotheirhighlevel of conser-
vation across microbial species. In order to identify the
organism, the generated sequence is subsequently compared
toreference databases.
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Advances in mass spectrometry technology and its application
to biomolecules have been the most significant and recent
development in clinical microbiology laboratories. To separate
and convert molecules into gas phase ions for spectrometry,
thermal vaporisation is used in traditional mass spectrometry.
Large biomolecules, however, are not suited for this method
due to degradation. To overcome this limitation, matrix-
assisted laser desorption ionisation time-of-flight mass spec-
trometry (MALDI-TOF MS) was developed, which can analyse
larger biomolecules, such as DNA, peptides, and proteins. For
spectrometricanalysis,samplesareinitially placed onaconduc-
tive sample support for UV-laser desorption and are then
embedded in the crystalline structure of a small organic
compound matrix. The resulting spectrum is compared with
spectra from reference databases. MALDI-TOF MS can analyse
samples rapidly with minimal sample preparation, identifying
organismstothe generaorspecieslevel within minutes.

Conventional microbiology testing has typically involved the
use of microscopy, culture, and serological methods. Micro-
scopic evaluation of clinical specimens has been crucial in the
initial identification of bacterial, fungal, and protozoal diseases."
While the results usually warrant confirmation through addi-
tional testing, in many situations, microscopy serves asthegold
standard for identifying pathogens, especially stool parasites
and Plasmodium species. In addition, electron microscopy is
necessary foridentifying viruses, however, itis rarely feasiblein
resource-limited settings.

Furthermore, microscopy provides significant benefits in terms
ofantimicrobial stewardship. Arecenttrialfound thatgramstain-
based treatmentwas non-inferiorto guidelines-based treatment
for ventilator-associated pneumonia.® Additionally, it proved
effective in limiting the need for broad-spectrum antibiotics in
thesecases.Sincevariousstudieshave demonstrated the useful-
ness of microscopy, it is crucial to emphasise the importance of
initial microscopy followed by a specified workflow when
processing samples in a microbiology laboratory.’

Serological methods typically involve the detection of mono-
clonal antibodies in response to specific antigens. Though these
tests are highly specific, and a positive result is usually diag-
nostic, their sensitivity is frequently low, and a negative result is
often unhelpful. The detection of host humoral response to infec-
tion serves as the foundation for serological testing and hence,
certain serological methods exhibit a high false positive rate due
to nonspecific antibodies and cross-reactivity. Another signifi-
cant limitation of these methods is the fact that the host must
seroconvertinresponse totheinfectious agent. As a result, sero-
logical methods are frequently useful in hindsight and are rarely
applicableinthediagnosisofacuteillness.

The main tool used in traditional testing is culture. Clinical
specimens for fungiand bacteria areincubated after beinginoc-
ulated on a variety of media. By using selective and differential
media, a presumptive diagnosis can be made. Species identifi-
cation is then typically achieved by biochemical testing, and
antimicrobial susceptibilities are ascertained through several

susceptibility testing methods. Cultures when positive, are
considered as the gold standard in the diagnosis of infectious
diseases.” Nevertheless, phenotypic testing when used exclu-
sively cansometimesresultinadifficult diagnosis atthe species
level and depending solely on incubation means that results
may usually take days or even weeks to months, especially in
cases of fungal and mycobacterial infections. In this regard,
treatmentdelays of even afew hours can have a major negative
impactonthe courseofasevereillness.

Inaddition, culturing pathogensinamicrobiology laboratory also
allows for antibiotic susceptibility testing of the isolated
organisms. While modern genotypic techniques are promisingin
determining antimicrobial resistance, phenotypic methods are
still preferred for antimicrobial susceptibility testing due to
various reasons. Firstly, resistance to antimicrobials can be
caused by various genetic determinants that may exceed the
diagnostic capacities of current moleculartechniques. Secondly,
molecular approaches are costly and susceptible to contamina-
tion through carryover of genetic material in targeted molecular
assays. Thirdly, the normal flora in clinical samples may also
contain resistance determinants. In such situations, molecular
techniques havelimited discriminatory powerand require caution
when interpreting data." Additional scenarios where culture
methods play an instrumental role include determining the
minimum inhibitory concentration of antimicrobial agents against
specific isolates and preparing hospital antibiograms, both of
whicharevitalintheclinical practice of infectiousdiseases.

Furthermore, the Ziehl-Neelsen staining remains the primary
method for early detection and treatment of tuberculosis (TB) in
resource-limited settings. In rural areas, in the absence of rele-
vant culture facilities, microscopically performed sputum smear
conversion is an important predictor for anti-tubercular treat-
mentresponse among TB patients.*” Also, microscopy candetect
organisms in sterile body fluids, such as cerebrospinal fluid and
blood, allowing for early diagnosis and treatment. Lastly, the
importance of microscopy in the diagnosis of parasitic infections
cannotbeover-emphasised. Microscopy is the preferred method
for detecting medically important parasites, such as plas-
modium species, microfilaria, amoebae and helminths, in
peripheral blood smears, and wet mount preparations of stool
specimens, due to labour-intensive culture methods, stringent
biosafety measures, and costly and technologically demanding
moleculartechniques.

The ultimate goal of pathogen detection in a diagnostic micro-
biology laboratory should be achieved by utilising both conven-
tional and molecular techniques. Each of the techniques has its
limitations when employed exclusively. For instance, selecting
the right medium, incubation conditions, and distinct cultivable
clones are essential for assuring optimal culture yield." Further-
more, for ensuring accurate culture results, it is necessary that
specimens with a high load of the suspected pathogen are
inoculated in addition to sampling an optimal volume of speci-
mens from anatomic sites that are comparatively free of
commensals or colonizers.” Onthe other hand, recent molecular
techniques may be able to identify most of the culturable, not-
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yet-culturable, and previously uncultured microbes from
mixed microbial populations in clinical specimens.

The application of conventional methods appears to be benefi-
cial for certain reasons, even though molecular methods gener-
ally outperform traditional techniques such as culture. While
traditional methods are often less expensive, molecular diag-
nostic testing necessitates expensive reagents, sophisticated
automated equipment, and expertise. Screening for important
pathogens from a mixed microbial population using selective
culture media tends to produce faster results than metage-
nomic analysis. Furthermore, the distinction between viable
and non-viable organisms cannot be made using molecular
techniques.

Research studies in past have demonstrated the ability of
moleculartechniquesforsupplementing culture-based methods
in identifying organisms that are missed by culture.*** There
have also been suggestions that, although rapid diagnostic tests
such as automated molecular assays are able to make an early
diagnosis, enabling prompt treatment initiation, they should not
be used in place of conventional methods as they are less thor-
ough and may not be feasible in resource-limited settings.

Comprehensive research is required to guide clinical micro-
biologists regarding the most appropriate strategy for diag-
nosing infectious diseases, incorporating both molecular and
conventional methods. Until such an inclusive strategy is avail-
able, microbiology laboratories in developing countries with
limited resources must rely more on traditional microbiological
techniquesfordetectinginfectious diseases.
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