
Enferm Infecc Microbiol Clin. 2017;35(9):586–592

w ww.elsev ier .es /e imc

Continuing  medical  education:  Methods  of  rapid  diagnosis

Molecular  methods  for  septicemia  diagnosis�

Francesc  Marco a,b

a Servicio de Microbiología, Centro de Diagnóstico Biomédico, Hospital Clínic, Barcelona, Spain
b ISGlobal, Barcelona Institute for Global Health, Hospital Clínic-Universitat de Barcelona, Barcelona, Spain

a  r t i  c  l e  i  n f o

Article history:

Received 3 March 2017

Accepted 6 March 2017

Available online 31 October 2017

Keywords:

Sepsis

Molecular diagnostics

Rapid diagnostics

a  b  s  t  r a  c t

Septicemia remains  a major  cause  of hospital  mortality.  Blood  culture remains  the  best  approach to

identify  the etiological  microorganisms when  a bloodstream  infection is suspected  but  it takes  long  time

because  it relies  on bacterial  or fungal  growth.  The introduction  in clinical  microbiology laboratories  of the

matrix-assisted  laser  desorption  ionisation time-of-flight  mass  spectrometry technology,  DNA hybridisa-

tion,  microarrays or  rapid PCR-based  test significantly  reduce  the  time to  results. Tests  for  direct  detection

in whole  blood samples  are highly  desirable  because  of their  potential to identify  bloodstream  pathogens

without  waiting  for  blood cultures  to become positive.  Nonetheless,  limitations  of current  molecular

diagnostic  methods are substantial. This  article  reviews  these  new molecular  approaches (LightCycler

SeptiFast,  Magicplex  sepsis  real  time, Septitest, VYOO,  PCR/ESI-MS analysis,  T2Candida).

© 2017 Elsevier  España, S.L.U. and Sociedad  Española de  Enfermedades  Infecciosas  y Microbiologı́a

Clı́nica.  All rights  reserved.

Métodos  moleculares  para  el  diagnóstico  de  septicemia

Palabras clave:

Septicemia

Diagnóstico molecular

Diagnóstico rápido

r  e  s u  m e  n

La septicemia  es una  de  las  causas  más  importantes  de muerte  en  pacientes hospitalizados.  El  hemocul-

tivo  es el  método  de  referencia para detectar el agente etiológico  responsable,  pero  el resultado  definitivo

depende  de  la velocidad  de crecimiento  del  microorganismo.  En los últimos  años  el empleo  de  diversas

tecnologías  como  la espectrometría  de  masas (matrix-assisted  laser  desoption  ionization  time-of-flight),

la hibridación  del  ADN,  los microarrays  o las  reacciones de  PCR  rápidas  han  disminuido  de  forma  con-

siderable  el tiempo  necesario  para la identificación  de  los microorganismos  y  la detección  de genes

de  resistencia  a  partir de  hemocultivos  positivos.  El  diagnóstico molecular  de  una septicemia  directa-

mente  de  la  sangre  del paciente  permite  conocer el  resultado  en pocas  horas,  aunque  todavía existen

diversas  limitaciones  que dificultan su  empleo. En  esta revisión  se exponen los diversos métodos  molecu-

lares disponibles (LightCycler  SeptiFast,  Magicplex  sepsis real  time,  Septitest,  VYOO,  PCR/ESI-MS análisis,

T2Candida)  y  su posible  utilidad.
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Introduction

Early microbiological diagnosis of a circulatory system infec-

tion caused by bacteria (bacteraemia), fungus (fungaemia) or  virus

(viraemia) should be a  priority objective of any microbiology

laboratory. In severe clinical symptoms that evolve towards a  seri-

ous situation of septicaemia with shock, adoption of appropriate

therapeutic measures and administration of proper antimicrobial

treatment as early as possible are essential for decreasing the high

morbidity and mortality observed in these cases.1 Septicaemia is

one of the leading causes of death in hospitalised patients. Accord-

ing to the data collected in  various publications, in which European

and North American patients are included, the number of deaths

attributable to  this clinical condition is  estimated at 400,000 per

year.2–4 From a clinical perspective, septicaemia presents as an

imprecise syndrome for which the diagnosis is based on the clinical

suspicion of an infection combined with signs of organ dysfunction.

Confirmation of septicaemia requires identification of the aetio-

logical agent. To date, the standard recommended methodology is

based on performing haemocultures that, if positive and using tra-

ditional methods, require a minimum of 48–72 h to obtain the result

identifying the microorganism responsible and its susceptibility to

antibiotics. The yield of haemocultures is variable. If 2–4 haemocul-

tures are collected (40–80 ml  of blood) before starting antimicrobial

treatment, the aetiological agent is detected in 80–96% of cases.5,6

However, haemocultures are negative in  a  high proportion of cases

(50%) when the patient has severe septicaemia.7 This may  be due to

various factors, such as prior antimicrobial treatment, few microor-

ganisms circulating in the blood or  non-culturable or slow-growing

microorganisms. Also, it is  estimated that in  patients with septic

shock, each hour that elapses from the start of hypotension to the

administration of active antibiotics causes a mean decrease in  sur-

vival of 7.6%.8 Since antimicrobial treatment is  a  critical factor in  the

survival of patients with septicaemia, broad-spectrum antibiotics

are usually used initially to cover all possible pathogenic agents and

later, based on the results of the haemocultures, the treatment is

adapted. Therefore, it is  clear that our goal should be to  shorten the

time needed to reach a microbiological diagnosis of septicaemia.

In  light of this challenge, two options are posited. The first one —

which is, in theory, the most desirable due to  the immediacy of

the diagnosis —  involves identifying the microorganism responsi-

ble for the septicaemia directly from the patient’s blood. The second

option seeks to identify the aetiological agent as soon as possi-

ble once the haemoculture has been found to be positive. In both

cases, detection of resistance genes to the most common antibi-

otics and/or determining susceptibility to antibiotics should also be

possible.

Direct diagnosis from blood

The application of molecular techniques directly on whole blood

samples offers the possibility of identifying the aetiological agent

responsible for the septicaemia in a  short period of time. Also,

depending on the method used, it is  possible to  detect the pres-

ence of certain antibiotic resistance genes, facilitating the choice

of the most appropriate antimicrobial treatment. This diagnostic

option has benefited in recent years from the changes made to

techniques that allow for extraction of nucleic acids, their amplifi-

cation methods and the possibility of using multiplex polymerase

chain reactions (PCRs) to  increase diagnostic options. However, and

a priori, use of these molecular techniques must face various dis-

advantages. There is a  large amount of human DNA in the patient’s

blood, along with contaminating DNA and persistent DNA from

dead microorganisms. The presence of PCR inhibitors, such as iron

ions or immunoglobulins, must also be kept in mind.9 The amount

of DNA present can be  reduced by extracting leukocytes or using

methods that allow it to  be extracted or degraded specifically. Also,

anticoagulants such as heparin should be avoided due to the risk of

PCR inhibition, and EDTA will be used. The second disadvantage

that should be kept in mind is  the low number of  microorgan-

isms circulating in the blood during an episode of bacteraemia,

which is  estimated between 1 and 10 CFU/ml.10 These values are

based on quantitative studies conducted with conventional meth-

ods that perhaps do not represent the real number of circulating

and viable microorganisms. Bacconi et al.11 suggest that for meth-

ods like PCR, it is  better to consider the number of genomic copies

(GC) of a  microorganism present in a  sample. This concept would

also consider the DNA of dead bacteria or those captured by circu-

lating phagocytic cells. According to  this option, it is estimated that

in  an episode of bacteraemia the number of circulating GCs would

be between 103 and 104/ml. This value would be higher than the

detection limit for most PCRs.

Various systems that  can be used in direct diagnosis from whole

blood have been marketed. The ideal technique should consider the

following features: speed, high sensitivity and specificity, capac-

ity to detect non-culturable microorganisms, detection of  various

resistance mechanisms, the highest automation possible, easy to

implement in the daily routine of a  microbiology laboratory and

being cost-effective. It is  difficult to meet all these requirements and

it should also be taken into account that using this technique has

certain disadvantages, such as not having the identified microor-

ganism or  contamination of the process with external genetic

materials, which could hamper interpretation. All  studies con-

ducted to date with these new molecular methods raise certain

questions about their actual sensitivity, since they are  compared

to  the standard haemoculture, which is  probably not  sufficiently

sensitive to  be considered a  reference method in the diagnosis of

septicaemia. For the reasons commented, the most sensible option

would be to use both methods and evaluate the results based on

the patient’s clinical situation.

LightCycler SeptiFast

The LightCycler SeptiFast system (Roche Molecular System,

Switzerland) was the first to  be  marketed and has been evalu-

ated in various clinical studies.12–16 It  allows for direct detection

and identification from blood of 25 pathogens that make up

90% of the most common aetiological agents in septicaemia. The

study panel includes the gram-negative bacilli: Escherichia coli,

Klebsiella (pneumoniae/oxytoca),  Serratia marcescens,  Enterobac-

ter (cloacae/aerogenes),  Proteus mirabilis,  Pseudomonas aeruginosa,

Acinetobacter baumannii and Stenotrophomonas maltophilia;  gram-

positive cocci: Staphylococcus aureus,  coagulase-negative staphylo-

cocci, Streptococcus pneumoniae, other strains ofStreptococcus,

Enterococcus faecalis, E. faecium, and Candida spp. (5 species) and

Aspergillus fumigatus.  It can also detect the presence of  the mecA

gene, responsible for methicillin resistance. It only requires 1.5 ml

of whole blood, and the duration of the detection process is 3.5–6 h,

depending on the results. The system uses the sequences located

between 16S and 23S of ribosomal DNA as the target for iden-

tifying the bacteria, and, for fungi, those located between 18S

and 5.8S. Once the DNA has been extracted, it is purified and

3 multiplex PCRs are conducted (gram-negative bacteria, gram-

positive bacteria and fungi) which allows for identification of  the

microorganisms included in the panel on a genus and species

level, based on the analysis of the melting points of the amplicons

obtained. The method’s detection limit is  3–30 CFU/ml for bacteria

and 100 CFU/ml for yeasts.

Results of several clinical studies conducted on patients with

severe septicaemia,13,14 neutropaenic patients with fever,13,15 pae-

diatric patients16 or patients admitted to intensive care units13
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have been reported. The specificity and sensitivity data observed

vary, probably because the population studied is  different. Chang

et al.17 conducted a  systematic review of the data published in the

literature and conducted a  meta-analysis evaluating a  total of 8438

episodes of suspected septicaemia in 6012 patients. The global sen-

sitivity in detecting septicaemia was 75% and the specificity was

92%. If only bacteraemias are analysed, the sensitivity was  80% and

the specificity was 95%. For fungaemias, the results were 61% and

95%, respectively. In a recent systematic review conducted by Dark

et al.18 of 41 phase iii studies evaluating diagnostic precision com-

paring SeptiFast with standard haemoculture, the sensitivity was

68% and the specificity was 86%.

Magicplex Sepsis Real-Time

The Magicplex Sepsis Real-Time system was developed by See-

gene (South Korea) and can identify more than 90 microorganisms.

The detection panel includes 73 gram-positive microorganisms,

12 gram-negative microorganisms, 6 fungi and 3 resistance-

determining genes (vanA, vanB and mecA). Only 1 ml  of blood is

needed and the final result can be  obtained in 3–6 h. After extract-

ing the DNA, the sample undergoes a  conventional PCR and, in a

second phase, another PCR in which a dual oligonucleotide probe

is used that, since it is marked with a  fluorescent substance, allows

for real-time detection of the amplicon obtained.

Carrara et al.19 evaluated the usefulness of this methodology

in a study including 267 patients from intensive care units (ICU)

and hospital emergency departments. In 98 samples it was  pos-

itive (37%); of these, 63 were considered true positives, and the

rest, contaminants. Of the positive samples, 23 (36%) were positive

both with Magicplex and with haemocultures, 22 (35%) only with

haemocultures and 18 (25%) only with Magicplex. The sensitivity

and the specificity were 65% and 92%, respectively, for Magicplex,

and 71% and 88%, respectively, for the haemocultures. In the study

by Loonen et al.,20 the sensitivity and specificity values observed

were even lower: 33% and 77%, respectively.

SepsiTest

SepsiTest, by manufacturer Molzym (Germany), is  a  semiauto-

matic system based on the use of a  PCR that uses universal primers

directed at targets of ribosomal RNA of bacteria (16S) and fungi

(18S). The PCR result indicates the possible presence of bacteraemia

or fungaemia and, if positive, the product obtained (amplicon) is

sequenced to obtain the final identification. It  can identify 345

pathogenic agents, including bacteria and fungi, and the detec-

tion limit is 20–460 CFU/ml.21 The volume of blood needed is  1 ml,

although up to 10 ml  can be processed, and it offers a  clear advan-

tage, such as its ability to be used in  other sterile fluids. The process

takes 4 h to determine whether any aetiological agent is present

in the sample and 4 more hours until the result of the sequenc-

ing is known. In a  multicentre study22 SepsiTest was  evaluated in

187 patients (382 samples) with various pathologies (neutropaenic

patients with fever, septicaemia, SIRS). If the results are compared

to positive haemocultures, the sensitivity was 87% and the speci-

ficity was 86%. It is worth nothing that SepsiTest detected 12.5%

of patients with a  polymicrobial infection while the percentage

was 7.4% in conventional haemocultures. It  also detected anaer-

obic bacteria that did not grow in the haemocultures, as well as

other microorganisms that  were considered contaminants. Of the

54 positive haemocultures, SepsiTest did not detect any microor-

ganisms in 7 cases and in the 288 negative haemocultures, the PCR

was positive in 41 samples collected from 31 patients. Of these

PCR positive samples, it was deemed that in 25 patients bacter-

aemia was possible or probable, since the majority (17 of 25) had

received antimicrobial treatment before sample collection. With

this data, the diagnostic yield of SepsiTest was 25.7% and of  haemo-

cultures, 15.8% The results from various published papers indicate

that the sensitivity and specificity are highly variable, between 21%

and 85% and 58% and 95%, respectively.20,22–24 To date, detection

of resistance genes has not been included in the system.

VYOO

The VYOO system (Analytik Jena, Germany) uses a multiplex

PCR that allows for identification of the most commonly-implicated

microorganisms in  septicaemia: 34 bacteria and 7  fungi. The detec-

tion of 5 resistance markers is  included. Five ml of  blood are

needed and the final result is  obtained in 7 h. Once the DNA is

extracted, it is  subjected to  an enrichment process and then mul-

tiplex amplification with specific probes and identification via

microarray technology (in the original design, electrophoresis gels

were used). According to the manufacturer’s data, the system has

a detection limit of 3–10 CFU/ml.25 The panel of microorganisms

detected is fairly comprehensive and includes, apart from the more

common bacteria, H. influenzae, N. meningitis, various anaerobics,

A. fumigatus and Candida spp. (the five most common species).

The resistance genes detected are: mecA, vanA, vanB, as well as

extended-spectrum beta-lactamases (ESBLs): blaSHV and blaCTX-

M,  including some variants.

In an observational study26 the yield of the VYOO system was

compared to  the conventional haemoculture practice in  311 sam-

ples from 245 patients with suspected septicaemia. According to

the results obtained, 30.1% (94/311) of the PCRs were positive while

only 14.5% (45/311) of the haemocultures conducted were posi-

tive. In 27 samples (8.7%) both methods were positive, and in  199

samples (64%) both  methods were negative. In 27 samples (21.5%)

only the VYOO system was positive, while the inverse situation

(haemoculture positive, VYOO system negative) was observed in

18 samples (5.8%). The global sensitivity of the VYOO method in

detecting positive bacterial cultures was  60% and the specificity

was 75%. According to the authors, the time required to  obtain the

result via the VYOO method was  7.2  h,  while for positive haemocul-

tures it was 68.8 hours and 191 hours in negative haemocultures.

In an observational study, Schreiber et al.23 compared yields of 3

automated PCR systems (VYOO, SepsiTest and SeptiFast) with the

practice of haemoculture. They included 50 patients with suspected

septicaemia, severe sepsis or septic shock. Thirteen haemocultures

(26%) were positive, but  only 8 were considered evaluable. The 3

molecular methods did not identify any microorganisms in 5  of the

8 positive haemocultures. There were 32 negative cases both via

haemoculture and via the 3 PCR methods. The SepsiTest method

detected 6 positives (12%), whose microorganisms matched those

recovered in 6 positive haemocultures. Five samples (10%) were

positive according to the VYOO system, of which 4 were considered

evaluable but none were consistent with the positive haemocul-

tures. SeptiFast identified 8 microorganisms in 7 samples, but it was

only consistent with the positive haemocultures in 3 cases. In some

studies26,27 the VYOO system is  more sensitive than haemocultures

as a reference to evaluate the results if the clinical information and

markers such as procalcitonin are used. This higher sensitivity could

be due to its low detection limit (3–10 CFU/ml), associated with a

higher volume of blood (5 ml).

PCR/ESI-MS analysis

This method combines use of a PCR that detects the DNA of the

pathogenic agent with later analysis of the amplicon obtained via

mass spectrometry. To do so, a technique known as electrospray

ionisation (ESI-MS) is used, which consists of applying a high elec-

trical charge to  a  fluid that allows for creation of aerosols that would
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contain the ions generated from the molecules of the analysed

fluid, and that would be detected via mass spectrometry analy-

sis. Currently the most developed system is the IRIDICA system

(Abbott),11 but it has had several predecessors, such as TIGER,28

Ibis T500029 and Ibis-Abbott PLEX-ID.30 Multiple pairs of primers

are used in the process to amplify selected regions of the bacterial

or fungal genome such as DNA which encodes ribosomal RNA or

that of various constituent genes. After amplification, analysis via

ESI-MS allows for identification of the base composition (A,G,C,T)

existing in each amplicon that is  then compared with a database

to determine the microorganism detected. The system allows for

identification of around 800 microorganisms, including 9 species

of Candida spp. in addition to  reporting the presence of 4 resis-

tance genes (mecA, vanA,  vanB  and blaKPC). The volume of blood

needed is 5 ml  and the time required to  obtain the final result is 6

hours. Studies conducted to determine the system’s detection limit

indicate that for bacteria it is  16 CFU/ml and for Candida it is

4 CFU/ml. This methodology has the capacity to detect polymi-

crobial bacteraemias and can also be  applied in samples other

than blood, such as sterile fluids, or in the diagnosis of respiratory

infections, expanding the number of identifiable microorganisms

to nearly 1000 between bacteria, fungi, and viruses. In a  recent

multicentre observational study conducted in  patients admit-

ted to intensive care units, the usefulness of this methodology

was compared to  conventional haemocultures in the diagnosis of

bacteraemia.31 The sensitivity of the technique was 81% and the

specificity was  69%, with a  negative predictive value of 97%. These

sensitivity and specificity values could be considered low, but it

should be noted that of the total number of samples compared

(625), only 68 positive haemocultures were detected, and using

PCR/ESI-MS, the number of positives was 228, i.e., 3 times more.

There were only 13 positive haemocultures that were negative

using PCR/ESI-MS. In the prior study by Bacconi et al.11 the sensi-

tivity values are similar (83%) but the specificity was  higher (94%).

Jordana-Lluch et al.,32 after applying clinical criteria of infection

when evaluating the results obtained, obtained a  sensitivity and

specificity of 90.5% and 87.2%, respectively.

T2Candida

The methodology that uses the T2Candida test system is

known as T2 magnetic resonance (T2MR) and was  developed by

T2Biosystems (USA). This system has a  new approach for detec-

ting the presence of Candida species directly from a  patient’s

blood sample. The method is based on a conveniently miniaturised

methodology that, via magnetic resonance, is  able to analyse how

water molecules react in the presence of magnetic fields. It has the

capacity to detect a  wide variety of targets, such as DNA (molecu-

lar targets) and proteins that are useful in immunodiagnosis.33 The

T2Candida test allows identification of the 5 most common species

of Candida: C. albicans, C.  tropicalis, C.  glabrata,  C. parapsilosis and

C. krusei.  To do so, it uses specific primers complementary to the

ribosomal RNA sequences 5.8S and 28S that amplify the ITS2 region

of the Candida genome that are later bound to coated paramagnetic

nanoparticles with a complementary probe. Once hybridisation of

the nanoparticles occurs, they group around the detected target

and the magnetic signal in the sample is  modified with micro-

scopic changes in the sample’s water, which indicates the presence

of the target sought.33 Variation in the signal, known as T2 relax-

ation, is measured with the T2Dx instrument. This is a completely

automated instrument able to perform various tests at the same

time, and within a  period of 3–5 h. The detection limit of the

T2Candida method, according to  the manufacturer, is  just 1 CFU/ml.

Neely et al.34 evaluated the yield of the T2Candida method in a

blind study that included 24 blood samples from various patients

who presented symptoms attributable to septicaemia. Eight sam-

ples were from 3 patients with candidaemia, 8 from patients with

bacteraemia (n = 8) and 8 other patients with negative haemocul-

tures (n  = 8). In all the samples from patients with candidaemia, the

T2Candida method detected the species responsible. Also, 21  serial

blood samples collected from 3 patients with C.  albicans were ana-

lysed. Both the haemocultures and the T2Candida method detected

the presence of C. albicans in the patient’s blood. Twenty-four hours

after starting antifungal treatment, the haemocultures were nega-

tive but the T2Candida method continued to  be positive, indicating

the possible detection of DNA from dead cells. In the same study, the

authors studied different concentrations of the Candida species that

the system can detect and observed that the detection limit was

3 CFU/ml for C.  albicans and C. tropicalis, 2 CFU/ml for C.  glabrata and

C. krusei and 1 CFU/ml for C. parapsilosis. Beyda et al.35 compared

the T2Candida method with the practice of haemoculture. They

added different concentrations (between 3 and 11 CFU/ml) of the 5

species that the T2Candida method detected in the blood samples

and analysed a total of 90 samples. The sensitivity of  the method

was 100% and the specificity was  98%, since there were  4 false posi-

tives that the authors attributed to possible contamination when

preparing the samples. The time required to obtain the results was

3–5 h for the T2Candida method, while the average haemoculture

result was 63 h. In the multicentre study by Mylonakis et al.36 the

global sensitivity and specificity were 99.4 and 91.1%, respectively.

Also, the authors estimate a  negative predictive value between

99.5% and 99% for a  study population with a  candidaemia preva-

lence between 5% and 10%, respectively. T2Biosystems is  currently

developing a  method to  detect bacteria (T2Bacteria) that would

include the majority of the pathogenic agents associated with sep-

tic symptoms and with a  yield similar to  that observed with the

T2Candida method.

New technologies

The company DNA Electronics Ltd (www.dnae.com) has

designed an instrument (Genalysis) focused on quick diagnosis of

septicaemia that allows for identification of the aetiological agent

and the antibiotic resistance genes in  a  period of 2–3 h.

This technology combines DNA sequencing on an electronic

platform (semiconductors) with an immunomagnetic pathogenic

agent capture system that  detects it in less than 30 min. A volume

of 10 ml of blood is used and it has a  sensitivity of 1 CFU/ml.

The vivoDx system, developed by the company GeneWEAVE,

which has been acquired by the Roche group, is focused on direct

microorganism detection in  various pathological samples and, at

the same time, determining its antibiotic susceptibility in less

than 4 h, although there are no data about its possible appli-

cation on whole blood (www.rochemicrobiolytests.com). It  uses

SmarticlesTM technology, an innovative tool for molecular diagno-

sis that combines bioparticles containing specific DNA designed to

detect the microorganism by means of luciferase expression.

Direct identification from positive haemocultures

After determining the result of the Gram stain of a positive

haemoculture, the microbiology laboratory must consider which

diagnostic options can be used to identify the microorganism visu-

alised as soon as possible without waiting for the results of the

conventional cultures. The possibility of using techniques that,

while identifying the microorganism, also detect the presence

of certain antibiotic resistance genes, should also be considered.

Currently, there are various systems available to quickly identify

the microorganisms detected in  positive haemocultures. With-

out a doubt, the use of mass spectrometry (matrix-assisted laser

http://www.dnae.com/
http://www.rochemicrobiolytests.com/
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desorption-ionisation time of flight [MALDI-TOF]) is  the option

selected by most laboratories, since, in less than an hour, the aeti-

ological agent can be identified. The functioning and usefulness of

MALDI-TOF are extensively commented in  a  specific article of this

journal.37

Kaleta et al.38 used the PCR/ESI-MS methodology to identify the

microorganisms isolated in a  positive haemoculture, obtaining high

consistency with the phenotypic identification methods. Neverthe-

less, the complexity of this system does not justify its use in the field

if compared to the simplicity of MALDI-TOF.

Fluorescence in situ hybridisation (FISH) allows for identifi-

cation of a certain number of pathogenic agents. This system is

based on the specific binding of fluorescent nucleic acid probes to

complementary DNA sequences in  the microorganism (16S rRNA

for bacteria and 18S rRNA for fungi). The choice of a specific

probe depends on the result of the gram staining: staphylococcus

(S. aureus/coagulase-negative staphylococci), enterococci (E. fae-

calis, E. faecium),  gram-negative bacilli (E. coli, K. pneumoniae, P.

aeruginosa) or Candida spp. The result is obtained in less than 3 h.39

Since 2013, a faster version of this methodology is  available called

Quick-FISH, which reduces the time to around 30 min.40 The sen-

sitivity and specificity of both techniques varies from 97% to 100%

and 90% to 100%, respectively.39,40 The company Accelerate Diag-

nostics INC (USA) has developed an automated system (Accelerate

ID/AST) that uses FISH technology to identify the microorganism

isolated in the positive haemoculture in approximately 1 hour and

can determine antibiotic susceptibility in  6 h.41 It allows for identi-

fication of the most common species and genera of gram-positive

and gram-negative bacteria, although more studies are needed to

validate its usefulness.

Bacteraemia due to S. aureus is a serious condition with signif-

icant mortality and a  high risk of complications.42 Early detection

of these microorganisms and, at the same time, its sensitivity

or oxacillin resistance can be carried out in  approximately 1 h

using various fast PCR techniques such as GeneXpert MRSA/SA

BC (Cepheid) or  GenomEra MRSA/SA (Abacus). The sensitivity and

specificity values of both methodologies are high (>95%) and its

automation facilitates its use in  the daily routine of a  microbiol-

ogy laboratory.43,44 Other systems, such as BD GeneOhm MRSA

or BD Max  MRSA,45,46 have also demonstrated their usefulness,

but require more time to  be conducted: 120–140 min. Both S.

aureus and coagulase-negative staphylococci (CoNS) are common

aetiological agents of bacteraemia associated with intravenous

catheters. Zboromyrska et al.47 have shown the usefulness of the

GeneXpert MRSA/SA BC system in detecting S. aureus (susceptible

and oxacillin-resistant) and oxacillin-resistant CoNS directly in  the

blood drawn from an infected catheter without having to  wait for

the haemoculture result.

Eazyplex MRSA (Amplex ByoSistems GmbH) is  a  recently mar-

keted assay that uses loop-mediated isothermal amplification

(LAMP) methodology to detect S. aureus and CoNS, as well as

the genes mecA and mecC48 in less than 30 min. In the work

by Rödel et al.,48 the sensitivity and specificity in  detecting

S. aureus was 100% and 98.2%, respectively, and 100% in  both

parameters in the oxacillin-resistant strains. Use of the LAMP

methodology has also shown its usefulness in  detecting genes

for resistance to extended-spectrum beta-lactamases (ESBLs) and

carbapenemases (KPC, VIM, NDM, IMP) directly from positive

haemocultures49 with 100% sensitivity and specificity. It also

offers the possibility for each laboratory to  be able to design spe-

cific probes to detect the microorganisms that  it deems to be of

interest.

The AccuProbe system (Gen-Probe, USA) directly identifies

various gram-positive microorganisms directly from positive

haemocultures by using a  specific DNA probe: S.  pneumoniae,

S. aureus, Enterococcus spp., S. pyogenes and S. agalactiae.  The

sensitivity and specificity exceed 97%, except for S.  aureus,  whose

specificity is  80.8% and sensitivity is  99.8%.50

In  recent years, molecular methods based on the use of mul-

tiplex PCRs and subsequent hybridisation in microarray panels

have been developed, allowing for identification of the majority of

microorganisms responsible for septicaemia from positive haemo-

cultures. The Verigene system (Nanosphere, USA) has created a

panel for gram-positive microorganisms (n =  13: 9 species and 4

genera) and another for gram-negative bacilli (n = 9: 5  species and

4 genera) with a  sensitivity of 81–100% and a specificity exceeding

98%.51 The system can also detect various resistance genes: mecA,

vanA, vanB, blaNDM, blaVIM, blaKPC,  blaKPC,  blaOXA and blaCTX-M, and

the time needed is 2.5 h.

The platform designed by Biofire Diagnostics (bioMérieux,

France) totally automates the extraction and purification of

nucleic acids and uses various nested multiplex PCRs to iden-

tify the aetiological agent in  1 h. The FilmArray Blood Culture

Identification panel for haemocultures encompasses 26  microor-

ganisms (11 species and 15 genera of gram-positive and

gram-negative bacteria) in  addition to the 5 most common species

of Candida and 4 resistance genes (mecA, vanA,  vanB, blaKPC).

The sensitivity for identifying these microorganisms is  >90%52,53

and 100% for detecting the resistance genes.53 The Prove-it Sep-

sis system (Mobidiag, Finland) also combines use of  a  PCR with

microarrays with a  sensitivity and specificity of 95% and 99%,

respectively, but the time it takes is 3.5 h.54 The Sepsis Flow Chip

assay (SFC, Master Diagnostica, Spain) is based on a methodol-

ogy that consists of simultaneous detection of at least 36  bacterial

species and various fungi by means of multiplex PCR followed by

automatic hybridisation on membranes with specific DNA probes

by means of DNA Flow technology (hybriSpot HS24). It also allows

for detection of 20 resistance markers (mecA, vanA,  vanB  and var-

ious extended-spectrum beta-lactamases and class A, B and D

carbapenemases) in  around 4 h.55,56

Conclusions

The different technologies developed to  directly identify the

aetiological agent of septicaemia in  the patient’s blood have the

potential to  reduce the time needed to reach a definitive microbi-

ological diagnosis. The information that they provide is of clinical

relevance but does not replace that which is collected through usual

haemoculture practice. Currently, they are complementary meth-

ods and studies that evaluate the possible impact that they could

have on the management of patients with septicaemia are required.

Other aspects, such as the number of samples to be analysed, their

frequency or the interpretation of the results from a  clinical and

microbiological point of view, should also be assessed. It should also

be remembered that the use of these technologies entails an addi-

tional economic cost that should be justified with a  clear clinical

benefit.
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