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The diagnostic methods of infectious diseases should be fast, accurate, simple and affordable. The speed

of diagnosis can play a crucial role in healing the patient, allowing the administration of appropriate

antibiotic treatment. One aspect that increasingly determines the need for rapid diagnostic techniques

is the increased rates of serious infections caused by multidrug resistant bacteria, which cause a high

probability of error in the empirical treatment. Some of the conventional methods such as Gram staining

or antigen detection can generate results in less than 1 h but lack sensitivity.

Today we are witnessing a major change in clinical microbiology laboratories with the technological

advances such as molecular diagnostics, digital microbiology and mass spectrometry. There are several

studies showing that these changes in the microbiological diagnosis reduce the generation time of the

test results, which has an obvious clinical impact.

However, if we look into the future, other new technologies which will cover the needs required for a

rapid microbiological diagnosis are on the horizon. This review provides an in depth analysis of the clinical

impact that the implementation of rapid diagnostic techniques will have on unmet clinical needs.

© 2016 Elsevier España, S.L.U. and Sociedad Española de Enfermedades Infecciosas y Microbiología

Clínica. All rights reserved.
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Los métodos para diagnosticar enfermedades infecciosas han de ser rápidos, precisos, sencillos y ase-

quibles. La rapidez en el diagnóstico puede jugar un papel crucial en la curación del paciente, ya que

permite la administración de un tratamiento adecuado. Un aspecto que condiciona cada vez más la

necesidad de disponer de técnicas de diagnóstico rápido es el aumento de las tasas de infecciones graves

causadas por bacterias resistentes a los antibióticos, lo que ocasiona una elevada probabilidad de error en

el tratamiento antibiótico empírico. Algunos de los métodos convencionales, como la tinción de Gram o la

detección de antígenos pueden generar resultados en menos de una hora pero adolecen de sensibilidad.

En la actualidad estamos asistiendo a un cambio importante en los laboratorios de microbiología clínica,

en el que se incluyen avances tecnológicos tales como el diagnóstico molecular, la microbiología digital y

las técnicas de espectrometría de masas. Existen diversos estudios que demuestran que dichos cambios

en el diagnóstico microbiológico reducen el tiempo de generación de los resultados de las pruebas, lo

cual posee un impacto clínico evidente.

Sin embargo, si miramos hacia el futuro, otras nuevas tecnologías están en el horizonte, las cuales

permitirán cubrir las necesidades que se requieren en el diagnóstico microbiológico rápido. Esta revisión
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proporciona un análisis en profundidad del impacto clínico que la implementación de técnicas de diag-

nóstico rápido tendrá en las necesidades clínicas no satisfechas.

© 2016 Elsevier España, S.L.U. y Sociedad Española de Enfermedades Infecciosas y Microbiología Clínica.

Todos los derechos reservados.

Introduction

The “trending topic” in the field of biomedicine right now is

personalised medicine, also called precision medicine, stratified

medicine, and P4 medicine (predictive, personalised, preventive

and participatory). It is understood as using the right drug for the

indicated person at the right time. Although this concept has been

gaining more importance in the area of cancer, if we consider all the

specialties, we could say that clinical microbiology, and specifically

diagnostic microbiology, is the paradigm of personalised medicine.

Several diagnostic methods can be used ranging from direct meth-

ods, by directly detecting the microorganism causing the infection,

such as microscopy, cultures, specific gene detection and antigen

detection, to indirect methods, such as serology, in which the lev-

els of specific antibodies against certain microorganism antigens

are detected. In general, diagnostic methods must be fast, precise,

simple and affordable. Evidently, some of the above-mentioned

methods, such as Gram-staining, antigen detection or gene detec-

tion, present several of these characteristics. However, the primary

requirements for a diagnostic method are high specificity and

sensitivity. Other interesting collateral properties, although not

essential, would be the possibility of being automated and being

cost-effective.

For some infections, early diagnosis and treatment may have a

crucial role in curing the patient or in reducing their morbidity and

mortality, since the right antibiotic treatment is administered at

the right time when needed. One aspect that is increasingly condi-

tioning the need for fast diagnostic techniques is the rise in the rate

of severe infections caused by antibiotic-resistant bacteria, which

causes a high probability of error in empirical treatment.

At present, we are witnessing a significant change in the clin-

ical microbiology laboratories led by automation. This trend is

supported by technological advances such as molecular diag-

nostics, digital microbiology and mass spectrometry techniques

(MALDI-ToF and ESI-ToF). These advances open the door to greater

standardisation in the processes and results, a new level of oper-

ational excellence and performance, as well as better laboratory

efficiency. There are several studies demonstrating that such

changes in diagnostic microbiology reduce the time for generating

test results, which has a clear clinical impact.

Despite the fact that clinical microbiology laboratories are

implementing the many advances taking place in our field, if we

look towards the future, other new techniques are on the horizon,

including next-generation sequencing. Although it is only used in a

few laboratories at present, it is undoubtedly one method to keep

an eye on, since the bioinformatics analysis time and cost are being

optimised.

In this review, we intend to analyse in detail the clinical impact

that implementing these rapid diagnostic techniques will have, as

well as the unmet clinical needs.

Clinical impact and need for rapid diagnosis

Sepsis

The fact is clear that a delay in starting a suitable antibiotic

treatment for sepsis increases the risk of mortality.1 Until the

advent of molecular diagnostic tests, blood cultures were and con-

tinue to be the standard method for routinely detecting pathogenic

bacteria and fungi in blood. However, blood cultures have limi-

tations inherent to the methodology, including the time delay in

obtaining results. At present, implementing direct MALDI-ToF from

the positive blood culture along with detecting certain resistance

genes (essentially the mecA gene and genes coding for ESBLs and

carbapenemases), as well as multiplex PCR-based techniques for

detecting the pathogens that most often cause bacteraemia and

their resistance determinants, have had a significant clinical and

economic impact by reducing the time to establish the right treat-

ment to 46 h.2–5

Sepsis is generally treated empirically, using broad-spectrum

antibiotics. However, broad-spectrum antibiotics are not always

sufficient for treatment since resistance to antimicrobials is

increasing. Studies have demonstrated that every hour of delay

in implementing an effective treatment in sepsis patients leads

to a 7.6% increase in mortality.1 Molecular diagnostic techniques

that detect specific genes directly in blood produce results faster

than blood cultures since they avoid the antimicrobial growth time.

Nevertheless, these new diagnostic techniques also have their lim-

itations. Interpreting the results is sometimes complicated given

that these molecular tests detect the DNA of microorganisms rather

than live pathogens, in addition to the risk of interference from

contamination, the presence of “background” DNA in blood and

the lack of an ideal “gold standard”.6 Another limitation is that the

antimicrobial sensitivity results cannot always be provided simul-

taneously. For this reason, such techniques are usually seen more

as a potentially useful tool that complement conventional blood

cultures and not as a definitive method that would exempt the use

of blood cultures altogether.7 As a result, blood cultures continue

to be the cornerstone for diagnosing sepsis, since it is a prerequi-

site for the antimicrobial sensitivity tests. The main future need for

diagnosing sepsis is to identify the causative microorganism and, in

addition, to ascertain the antibiotic sensitivity directly from blood.

An ideal test would be capable of processing a small volume of

blood and be fast, technically simple or automated, low cost, and

not require batch processing. An additional advantage would be

the possibility of being able to determine the bacterial load directly

from the blood. The published data indicate that determining the

bacterial load in clinical samples using quantitative PCR (qPCR)

potentially represents a useful marker for assessing the efficacy

of a treatment and the prognosis in patients with acute bacterial

infections.8

qPCR-based diagnostic tests will continue to grow in the com-

ing years, however new techniques will emerge, especially based

on microfluidics and nanotechnology, which will enable antibi-

otic sensitivity to be determined directly from the microorganism

present in the blood without having to pass through blood cultures.

Respiratory infections

Until recently, when the topic of rapid diagnostics in respira-

tory infections arose, many continued thinking about the various

direct stains for respiratory tract samples. These classic techniques

enabled us, and still enable us, to assess the sample cellular-

ity, and thus approximate the clinical value of the isolate on

the one hand, and to distinguish the presence of microorgan-

isms typically considered respiratory pathogens on the other.

Afterwards, direct immunofluorescence stains were added for diag-

nosing Legionella pneumophila and viral infections. The arrival of
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immunochromatography techniques represented a new tool to

be incorporated into the rapid diagnosis of respiratory infections:

Streptococcus pyogenes (S. pyogenes), Streptococcus pneumoniae (S.

pneumoniae) and Legionella antigens in urine, respiratory syncytial

virus (RSV), adenovirus and influenza A and B virus.9

Even so, in the case of community-acquired pneumonia, nearly

50% of the cases lack a definitive aetiological diagnosis, and it is

admitted that approximately the other 50% of the known microbial

causes are due to S. pneumoniae. Thus, among other limitations, it

is difficult to specify the true percentage and impact of “mixed”

pneumonia caused by two or more pathogens, ranging between

3 and 12% of community-acquired pneumonia according to the

potential microbiological diagnosis. The signs and symptoms of

different pathogens are superimposed in respiratory infections;

therefore, an aetiological diagnosis based only on the clinical symp-

toms is not reliable. The development of techniques based on

nucleic acid amplification (NAAT) has led to the availability of

molecular techniques that can be performed directly on the sample.

These techniques include the possibility of determining more than

one respiratory pathogen, like the available multiplex PCR tech-

niques. This enables sidestepping by ruling out each microorganism

according to an algorithm, which in turn involves repeatedly taking

new samples and adding new diagnostic tests.

Incorporating rapid diagnostic microbiology techniques trans-

lates into a benefit for patients with infectious respiratory

syndrome, since it enables an early, targeted treatment to be started

and isolation and public health measures to be taken if necessary

Nevertheless, when positioning the rapid tests, it should not be

forgotten that molecular and antigen detection techniques do not

distinguish between viable and non-viable microorganisms (anti-

genuria continues to be positive even months after the onset of

the infection), and they do not differentiate between carrier and

disease status, key aspects to take into account since most respi-

ratory pathogens can be found in patients as simple respiratory

tract colonisers. These limitations could be partially solved with

quantitative molecular techniques and by choosing the gene to be

amplified, e.g. S. pneumoniae and the lytA gene.10 Moreover, by not

using a culture, all the information provided by it is lost, such as

antibiotic sensitivity or variations in the antigen composition for

developing new vaccines.

We still do not know what types of diseases or what fac-

tors (seasonality, immune status, age, disease severity and stage)

should coincide to take advantage of or benefit from all these

new available rapid techniques. Studies on the evidence of their

repercussion on clinical practice are scarce.11 And until then,

clinical-microbiological protocols should be applied to correctly

interpret and assess the results.12

Gastroenteritis/enterocolitis

Most clinical microbiology laboratories continue using spe-

cific culture methods, antigen detection and microscopic exams to

detect bacteria, viruses and parasites in stool samples from patients

with diarrhoea. The percentage of samples in which the intesti-

nal pathogen is not detected can be very high, for several reasons:

(1) not all intestinal pathogens are routinely found; e.g. intesti-

nal pathogens with a low prevalence, such as Bacteroides fragilis,

Edwardsiella tarda, Escherichia albertii13; (2) the lability of some

intestinal pathogens such as Shigella; (3) the low sensitivity of the

method used to detect some intestinal pathogens; and (4) unknown

intestinal pathogens.

Molecular techniques have been introduced into the routine

diagnosis of diarrhoea in several microbiology laboratories around

the world. In general, these techniques can be organised into two

groups14: (1) using PCR to detect one or several genes from the same

microorganism (e.g. detecting Clostridium difficile or norovirus);

and (2) using multiplex PCR to detect concomitant gastroenteritis-

causing bacteria, viruses and parasites. A significant advantage of

the molecular methods is automating the laboratory work flow. The

molecular panels available on the market are systems that include

integrated sample extraction, target amplification and amplified

product detection. These methods provide additional advantages

such as speed (1–2 h), they do not need trained personnel, a min-

imum handling time and lower contamination risk. The main

limitation of these integrated systems is their cost. Nevertheless,

incorporating these panels could be profitable in certain patients

with gastroenteritis or enterocolitis, as well as in immunosup-

pressed patients.15,16 However, more studies are needed to assess

the costs and benefits of the molecular panels in other types of

patient with diarrhoea.

One of the main limitations related to these techniques is

the inability to distinguish between infection and colonisation or

detecting an insignificant pathogen load that may or may not be

related with the patient’s symptoms. Several studies have reported

that quantifying the intestinal pathogen load can provide informa-

tion about the role of the detected intestinal pathogen in causing

the diarrhoea.17,18 Therefore, a more precise method is needed to

quantify the intestinal pathogens present in the stool samples.

Furthermore, all the microbiological results should be inter-

preted within a clinical context. In addition to detecting a low

intestinal pathogen load, false positive results may be obtained due

to detecting non-viable microorganisms, free DNA/RNA, or even

due to non-specific amplification in the multiplex PCR.

Detecting antibiotic resistance using molecular methods is

another difficult problem to solve in the case of stool samples, due

to the impossibility of assigning the detected resistance marker to

a particular pathogen. Therefore, we must still process the stool

sample to isolate the bacteria to then be able to carry out the sen-

sitivity testing. However, this culture could be performed only in

those samples that give a positive result to a bacterial pathogen

using multiplex PCR. There are still some questions to be answered,

such as: Should diagnostic molecular tools be used in all diarrhoea

patients or only in specific patient groups? Can these new tests

be profitable in the case of community-acquired diarrhoea? Can

we precisely differentiate infection from colonisation using only a

molecular approximation?

Meningitis and encephalitis

Rapid clinical and microbiological diagnosis, along with early

and effective treatment, are key aspects for minimising morbid-

ity and mortality from central nervous system (CNS) infections,

especially from meningitis and encephalitis of infectious origin, as

the complications can be very severe and the sequelae devastat-

ing, despite survival.19,20 Moreover, the costs associated with these

infections are significant, both short-term, related to hospitalisa-

tion and treatment, and long-term, due to the loss of social and work

contributions.21 Their management differs from intracranial sup-

purative complications such as brain abscesses, subdural empyema

and epidural abscesses. It is closer to a diagnostic approach similar

to that of other purulent collections, except due to the caveat of the

location, which is less accessible for sample collection. Because of

this, for the clinical diagnosis, cytobiochemistry and microbiology

of meningitis and encephalitis, the cerebrospinal fluid (CSF) com-

prises a sample of unquestionable value. The basic tests for studying

CSF usually include rapid stains (Gram, Ziehl-Neelsen, India ink,

etc.), detecting bacterial antigens, the different types of cultures

(bacterial, mycobacterial and fungal, and rarely viral cultures) and

increasingly include molecular methods. This is all paired with cel-

lular analysis and biochemistry testing of a series of laboratory

parameters.
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The sample handling protocols usually require a significant vol-

ume of CSF to conduct extensive testing, which is not always easy

to acquire and the sampling may have to be repeated to get it.

Suspected cases of meningitis with a negative CSF Gram stain are

an important diagnostic and therapeutic challenge, since in most

cases the causative microorganisms will be unknown. On occasion,

a rapid antigen agglutination test can be used to diagnose it, and

this option covers a wide range of bacterial microorganisms, but

it is not very sensitive. The false positive results that have also

been reported with this method have caused some institutions to

abandon it.22

In the case of bacterial meningitis, the culture is useful, but

it can require 2–5 days, and it may give a false negative if the

microorganism is nutritionally demanding, there was prior antibi-

otic treatment or the sample was handled incorrectly. It might give

a sterile result or the microorganism might not grow in conven-

tional cultures. Therefore, it is possible that the advent of modern

NAAT will solve, or compensate for, some of these limitations of

traditional microbiology in processing, labour, performance and

results from the samples. NAAT may be helpful for diagnosing,

monitoring and resolving bacterial meningitis.23 Two important

questions about PCR are: (1) PCR does not require virus replica-

tion for detection, therefore a positive PCR should not necessarily

lead to the presence of infection itself nor contribute to an aetio-

logical diagnosis in the patients’ post-infection recovery phase in

which the pathological diagnosis remains unclear; (2) PCR should

not eliminate, for now, the practice of microbiological cultures,

which continue to be necessary for also determining the sensitiv-

ity of the isolates to antibiotics and for monitoring resistance in a

specific epidemiological and geographic context.

Panels for multiplex detection of several pathogenic microor-

ganisms involved in these CNS infections are already available.

Being able to discriminate bacterial agents from viral agents helps

lead to a more targeted treatment when using antibiotics and

antivirals.

Sexually transmitted infections

The incidence of sexually transmitted infections (STIs) has

increased considerably in recent years. The emergence of antiretro-

viral treatment against HIV infection caused a growing number of

people to stop using condoms to prevent this and other infections.

At present there are three populations more susceptible and at

risk of developing a STI: men who have sex with men, circles related

to female and male prostitution, and lastly, heterosexuals who have

sexual relations with multiple partners, especially younger people.

Arriving at a rapid microbiological diagnosis of these infections

pursues a dual aim. First, to initiate an effective treatment that pre-

vents the disease from advancing and its possible sequelae. And

secondly, to establish targeted preventive measures to prevent the

infection from spreading. The speed of the diagnosis is essential

for achieving both aims due to the peculiarity of these infections,

which often cause those who have it to conceal it and resist going

to healthcare centres.

The existence of STI appointments24 that offer patients, in

addition to discretion, a fast clinical and microbiological diag-

nosis, undoubtedly contribute to slowing their spread. In this

context, a rapid microbiological diagnosis should aim to establish

whether or not the infection exists, as well as to discover its aeti-

ological agent. Classically, microbiologists have had several rapid

techniques based on microscopic examination available that con-

tinue to maintain their efficacy, such as Gram staining of urethral

discharge (for gonococcal urethritis) or vaginal discharge (for bac-

terial vaginosis), vaginal discharge smears (for vaginitis due to

Trichomonas vaginalis [T. vaginalis] or Candida spp.), or dark field

microscopy for primary syphilis (although with its practical limi-

tations).

Some serology tests, such as detecting reaginic antibodies using

rapid agglutination techniques (RPR), may be negative in the initial

phases of primary syphilis. Other rapid techniques, such as detec-

ting Chlamydia trachomatis (C. trachomatis) or herpes simplex virus

antigens, have fallen into disuse due to their low sensitivity. Oth-

ers, such as nucleic acid hybridisation techniques (for detecting T.

vaginalis, Candida spp. or Gardnerella vaginalis [G. vaginalis]) have

been overtaken by NAAT.

And these NAATs, especially the real-time polymerase chain

reaction (rt-PCR) techniques, including those multiplex PCR tech-

niques that enable several microorganisms involved in a certain

infection to be detected, are already enabling and will enable in the

future the needs for a rapid microbiological diagnosis for several

STIs to be met: (1) detecting Neisseria gonorrhoeae, C. trachomatis,

Mycoplasma genitalium and Ureaplasma spp. in patients with ure-

thritis, proctitis, cervicitis and pelvic inflammatory disease25; (2)

detecting T. vaginalis and Candida spp. in patients with vaginitis

or diagnosing bacterial vaginitis using techniques that quantify the

presence or absence of G. vaginalis and Lactobacillus spp.,26 or those

aimed at detecting Mycoplasma hominis, Atopobium vaginae and

Mobiluncus spp.; (3) detecting Treponema pallidum, the L1-L2-L3

strains of C. trachomatis which cause venereal lymphogranuloma,

Haemophilus ducreyi, and the herpes simplex 1 and 2 virus, which

causes genital, rectal and pharyngeal ulcers.27,28

Some rt-multiplex PCR platforms currently exist that enable

some of these microorganisms to be detected in less than an hour.25

Others enable seven or more genital pathogens to be detected,29,30

although they require a longer time. The right combination of

microorganisms capable of being detected for a certain STI, excel-

lent sensitivity and specificity, increased technique speed and ease

of performing it, in addition to its decreasing economic cost, will

encourage the use of these multiplex NAATs as a rapid diagnostic

method for STIs.

Rapid diagnostic microbiology in immunosuppressed
patients

The right empirical antibiotic treatment administered early in

the case of immunosuppressed patients, and especially in febrile

neutropaenia patients,31,32 has been repeatedly associated with

improved survival in patients with sepsis and/or bacteraemia.33

Just like many immunocompetent patients, up to 40% receive

unsuitable antibiotic therapy until the first positive blood culture

report comes back, generally with the Gram stain result.34 At this

point, 12–20% of patients may have not yet started antibiotic treat-

ment and 30–45% of patients will require changes to the empirical

antibiotic treatment as a result of the stain report. It has been

demonstrated that the information from Gram staining has a much

higher impact on the antimicrobial treatment than the definitive

blood culture results, provided later by isolation in the cultures

and the antimicrobial sensitivity tests.35

Blood cultures continue to be the “gold standard” in diagnos-

ing bacteraemia, but they have a low sensitivity for so-called

“fastidious” bacteria and fungi, a term that usually encom-

passes microorganisms with nutritional requirements, metabolism

defects or that require special atmospheric and temperature con-

ditions. Blood culture sensitivity also decreases when the blood

sample is taken after the start of antimicrobial treatment. The speci-

ficity is challenged by contamination of the blood culture. Thus,

isolating the usual contaminants in blood cultures (particularly tak-

ing into account that some of them, such as coagulase-negative

staphylococci are also common causes of bacteraemia) make inter-

preting the results much more difficult.36 Isolating a potentially
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contaminating microorganism based on more than one blood

sample extracted from independent peripheral vein punctures is

typically considered a true bacteraemia diagnosis; nevertheless,

molecular genetic testing of these strains of coagulase-negative

staphylococci isolated from paired blood samples suggests that

either contamination may occur under these circumstances or that

the infections are often polyclonal.37

Given that the blood culture as the “gold standard” is slow and

insufficiently sensitive, new techniques have been developed to

detect bacteria and fungi in blood, as has been previously described.

A new T2 magnetic resonance (T2MR)-based diagnostic platform

was recently announced in the candidaemia field, capable of ultra-

sensitive and rapid detection of target fungi in whole blood, without

the need for a prior blood culture.38,39 This ability to quickly

and precisely exclude the possibility of candidaemia, especially

caused by non-albicans species, has important implications in clin-

ical practice, since it makes it possible to decrease the number

of patients received empirical antifungal therapy, thus reduc-

ing the incidence of resistant strains, the occurrence of adverse

effects and the economic cost of the medical care. It remains to

be proven whether this technological platform could be profitable

and translatable to different types of hosts (immunocompetent and

immunosuppressed), to both adult and paediatric patients, as well

as to sample types other than blood.

Rapid diagnostic microbiology in children

Infectious diseases continue to be one of the main causes for

seeking outpatient, inpatient and emergency medical care in the

paediatric population. Starting even before birth until they reach

maturity, the paediatric population is especially susceptible to

many infections. Newborns and infants do not yet have a suffi-

ciently developed immune system to fight off these diseases. In

childhood, children continue developing this immunity, in part

thanks to vaccines, although they are often subject to transmission,

from both adults and other children. Respiratory tract and gastroin-

testinal infections, as well as more serious infections such as sepsis

or meningitis, are common in this population that is particularly

predisposed to them.

In this context, a fast clinical and microbiological diagnosis of

these processes, and starting a suitable treatment, whether antibi-

otic or not, are essential not only for the child’s life and subsequent

development, but also to prevent other collateral effects, such as

mass use of paediatric emergency departments and the inevitable

anguish of the parents and family members.

Controlling paediatric infections starts when the child is still

in their mother’s womb. One of many examples of this may be

the need to detect the carrier status for Streptococcus agalactiae in

expectant mothers in whom a vaginal-rectal culture was not per-

formed to detect this microorganism, either because the pregnancy

has not been monitored, or because the birth is taking place pre-

maturely. Or those women who present an intra-amniotic infection

that can trigger severe symptoms of sepsis or neonatal meningitis.

To date, microbiologists have had access to a limited number of

fast techniques capable of being used in the paediatric population,

from microscopic observation (CSF Gram staining in a child which

suspected meningitis continues to be an essential technique for its

aetiological diagnosis), to antigen detection techniques.

There are agglutination tests for detecting the antigens of some

meningitis-causing bacteria in CSF, although their low sensitivity

and the scant amount of CSF that is available limit their use to

specific situations.

There are also immunochromatography techniques for detec-

ting S. pneumoniae (in urine) and S. pyogenes (in the pharynx), or

some respiratory viruses (such as respiratory syncytial virus [RSV]

or influenza) or gastrointestinal viruses (such as rotavirus or cer-

tain adenoviruses) that have a certain usefulness because of their

easy use, although they suffer from low sensitivity.

It was not until the emergence of NAAT, especially the rt-PCR and

multiplex PCR techniques, when the rapid diagnosis of paediatric

infections was developed, and will continue to be developed. Below

are some examples of the clinical needs: (1) intrapartum detection

of S. agalactiae on vaginal-rectal smears from the mother (there are

already platforms enabling it to be detected in under an hour40) or

detection of Ureaplasma spp., S. agalactiae, Escherichia coli and Lis-

teria monocytogenes in samples of amniotic fluid; (2) detection of

meningoencephalitis-causing agents: there are already platforms

that enable bacteria (S. agalactiae, E. coli K-1, L. monocytogenes,

Neisseria meningitidis, Haemophilus influenzae and S. pneumoniae),

fungi (Cryptococcus spp.) or viruses (cytomegalovirus, enterovirus,

herpes simplex 1 and 2 virus, varicella-zoster virus, human her-

pesvirus 6 and Parechovirus) to be detected in around an hour41;

(3) detection of bacteraemia- and fungaemia-causing agents: there

are several platforms that enable, using NAAT, microorganisms

grown in the blood culture flasks to be identified or several resis-

tance mechanisms to be detected,42,43 although the true challenge

would be to have methods available that are sufficiently sen-

sitive as to be applicable directly to the patient’s blood, taking

into account the scarce volume of sample available from certain

patients, such as premature newborns, as mentioned above; (4)

detection of respiratory tract infection-causing microorganisms,

both those caused by bacteria (including S. pneumoniae, H. influen-

zae, Bordetella pertussis, Mycoplasma pneumoniae or Chlamydia

pneumoniae) and by viruses (influenza A and B, RSV, parainfluenza,

adenovirus, etc.)44; (5) detection of pharyngotonsillitis-causing

microorganisms, especially S. pyogenes45 (but also other bacteria

such as Streptococcus dysgalactiae or equisimilis, Arcanobacterium

haemolyticum or Fusobacterium necrophorum) or the Epstein–Barr

virus; (6) detection of gastroenteritis-causing microorganisms:

from bacteria (including Salmonella spp., Shigella spp., Campy-

lobacter spp., Yersinia enterocolitica or enterohaemorrhagic E. coli),

through parasites (Giardia lamblia) or viruses (rotavirus, adenovirus

40–41, norovirus, etc.), as well as detection of Helicobacter pylori in

stools.46

The diversity of microorganisms liable to be detected, the need

for a small sample volume, the sensitivity and specificity of the

technique, the speed and ease of performing it and the decreasing

economic cost will encourage the use of these multiplex NAATs as

a rapid diagnostic method for paediatric infections.
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