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Review

Determining antimicrobial susceptibility and antimicrobial resistance
mechanisms in the clinical laboratory: where are we and where are we
heading?

I

Nektaria Rekleiti
Laboratory of Microbiology, Tzaneio General Hospital of Piraeus

'. Summary

Since the discovery of penicillin, almost a century ago, the battle against resistant microbes has
been fierce but uneven. Microbes have been proven quite adaptable and have developed many
different antimicrobial resistance (AMR) mechanisms to evade antibiotics. These AMR mechanisms
mainly regulate cephalosporin and carbapenem resistance for Gram-negative bacteria, methicillin
resistance for Staphylococcus aureus and vancomycin resistance for Enterococci. Greece is
endemic for most known multi-drug resistant organisms (MDRO) that often cause community
and hospital-acquired infections, perplexing treatment, increasing length of stay in the hospital
and relevant costs, and increasing morbidity and mortality. Detection and treatment of such in-
fections in a timely and effective way is imperative. For the past few decades, scientists from dif-
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ferent scientific fields have been developing technologies and methods to assist the early and
reliable detection of AMR to optimize not only treatment but also infection control practices in
an effort to restrain it. This review focuses on current practices to detect AMR and the cor-
responding resistance mechanisms. From the well-established classic diffusion antibiogram to
the rapid automated tools that provide susceptibility profiles of bacteria within a few hours,
and from the time-consuming phenotypic AMR detection methods to rapid molecular AMR
mechanism detection directly from the sample, Microbiology has come a long way. Most micro-
biological laboratories are currently using a combination of phenotypic and molecular methods
for AMR detection, in an effort to make the best out of both. Integrating novel technologies
into the laboratory routine workflow has its challenges, with the financial burden being one of
the most significant. However, if the progress in the field of Microbiology since the emergence
of the first resistant microbe until now is any indication, the future holds many more adventures
and scientific breakthroughs in the fight against AMR.

Corresponding author

Nektaria Rekleiti

Key words Laboratory of Microbiology

y___.- Antimicrobial susceptibility; antimicrobial resistance mechanisms,; Tzaneio General Hospital of Piraeus
phenotypic resistance detection; molecular resistance detection Zanni - Afentouli av., 185 36 Piraeus

The road so far

Microbes have been living on Earth long before hu-
mans came into the picture. They have left their small
carbon footprints in rocks and stromatolites dating
back approximately 3.5 billion years. All this extra time
has worked on their benefit, rendering them smarter,
fitter, and more adaptable through countless evolu-
tionary events. After the discovery of penicillin by Sir
Alexander Fleming in 1928, the medical community,
and along with it all of humanity, thought that tri-
umph over microbes and subsequently the end of mi-
crobial infections was near. Unfortunately, it went
down the exact opposite way. A few years later, in
1940, Abraham and Chain reported an Escherichia coli
strain that produced penicillinase, followed by reports
of resistant Staphylococcus aureus strains.? For every
new antibiotic agent ever since, bacteria would adapt
and develop a corresponding resistance mechanism.

VOL. 68 @ ISSUE 2, April-June 2023
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The World Health Organisation has included anti-
microbial resistance (AMR) in the three most impor-
tant public health threats of the 21st century.?
Sharing the same ecological niche with other or-
ganisms that naturally produced antibiotic com-
pounds, led to species exhibiting a plethora of
different intrinsic resistance profiles.* However, intrin-
sic resistance does not substantially add to the AMR
problem. When observing the AMR issue through the
clinical lens, acquired resistance, i.e. resistance to an-
tibiotics to which they were previously susceptible, is
of importance. Acquired resistance can be a result of
either a series of genetic mutating events altering the
way a bacterium responds to the antibiotic com-
pound, or by obtaining genetic material associated
with resistance through horizontal transfer. Genetic
mutations can lead to alterations in the antimicrobial
target, decrease in the drug uptake, activation of ef-
flux mechanisms extruding the compound, or alter-
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ations in important metabolic pathways.> Genetic ho-
rizontal transfer is the result of transformation, trans-
duction, and conjugation. Clinically relevant bacteria
often acquire resistance through conjugation, using
genetic mobile elements, namely plasmids, trans-
posons and intergrons.®

Main mechanisms of resistance in Enterobacterales
are the production of extended spectrum [3-lactamases
(ESBL) rendering them resistant to third generation
cephalosporins, and carbapenemase production lead-
ing to carbapenem resistance. Carbapenemases are
classified in four classes according to Ambler, the
most frequently used classification system. Clinically
important strains produce Klebsiella pneumoniae- car-
bapenemases (KPC) (class A), metallo-B-lactamases
VIM and NDM (class B) and OXA-48 (class D).” Resistance
to carbapenems in Pseudomonas aeruginosa is mediated
by OprD loss and class B carbapenemase production
such as VIM, IMP or NDM, while Acinetobacter baumannii
produces non-OXA-48 class D carbapenemases.®® The
main mechanism for resistance to B-lactams in S.
aureus is penicillin-binding protein production (PBP)
resulting in low B-lactam affinity. Genes mecA and
mecC code for production of PBP2a and PBP2, leading
to methicillin resistance (MRSA).'° Lastly, VanA or VanB
ligases lead to reduced glycopeptides binding resulting
in vancomycin resistance (VRE)."

Greece is endemic for most known multi-drug-re-
sistant organisms (MDRO). According to the latest an-
timicrobial resistance report,'? Escherichia coli strains
reported from Greece are resistant to third generation
cephalosporins at a percentage of 21.9%, to fluoro-
quinolones 32.7% and to aminoglycosides 18.7%. Re-
ported K. pneumoniae isolates are resistant to third
generation cephalosporins at a percentage of 74.5%,
to carbapenems 66.3%, to fluoroquinolones 74.4%
and 61.0% to aminoglycosides. Furthermore, 35.7%
and 28.6% of P. aeruginosa strains are resistant to car-
bapenems and aminoglycosides, respectively, while
94.6% of A. baumannii strains are carbapenem-resis-
tant. In regard to Gram-positive bacteria, 40.2% of re-
ported S. aureus strains are resistant to methicillin and
41.8% of Enterococcus faecium strains are resistant to
vancomycin.'?

Pathogens exhibiting resistance to different anti-
biotic compounds often cause community and hos-
pital-acquired infections, perplexing treatment, in-
creasing length of stay in the hospital and relevant
costs and increasing morbidity and mortality.' It is
imperative to detect and treat these infections in a
timely and effective way. For the past few decades,
scientists from different scientific fields have been de-
veloping technologies and methods to assist the early
and reliable detection of AMR to optimize not only

treatment but also infection control practices in an
effort to restrain it.

Where are we

Antimicrobial susceptibility testing (Antibiogram)
1. Classic tools

Antimicrobial susceptibility testing (AST) is the first
step to determine the resistance profile of a strain.
Classical methods include agar and broth macro- and
micro- dilution to determine minimal inhibitory con-
centration (MIC) of antibiotic agents.'* The broth mi-
crodilution method has been used extensively and is
currently the basis of both the Clinical and Laboratory
Standards Institute (CLSI) and European Committee
on Antimicrobial Susceptibility Testing (EUCAST) stan-
dard methodologies. MIC can also be determined by
using ETESTO, an antibiotic gradient method that
combines agar dilution and disk diffusion principles.
Disk diffusion as described by Kirby and Bauer in 1956,
is easy to perform, and microbiological laboratories
around the world have incorporated this method in
their clinical routine workflows, for decades.’>'® Disk
diffusion is well established and standardised, easy,
simple, practical and of low cost. Breakpoints for all
relevant clinical and emerging bacteria for disk diffu-
sion, broth microdilution and ETEST© methods are
available according to both, CLSI and EUCAST." Fur-
thermore, during the past two decades, a variety of
chromogenic agar media for detection of resistant
strains, including ESBL and carbapenemases produc-
tion in Gram-negative bacteria, MRSA and VRE, has
been developed.'®'® Lastly, colorimetric tests for the
detection of carbapenemase production, that utilize
pH changes indicative of growth of resistant bacteria
have been developed in recent years.?°

2. Automated tools

The introduction of automated devices for AST has
changed the landscape of the daily microbiological
routine. These devices perform broth-based micro-
dilution testing utilising wells with broth with increas-
ing concentrations of various antibiotics and continu-
ous monitoring of microbial growth and turbidity to
provide MIC. They are efficient, easy to use, of relatively
low cost and provide results for both identification
and AST fast, significantly reducing the turnaround
time compared to the classical methods. The three
most widely used Food and Drug Administration
(FDA)-approved automated systems are VITEK 2
(bioMérieux, France), Phoenix system (BD Diagnostic
Systems, Baltimore, MD, USA) and MicroScan Walka-
way (Dade-Behring MicroScan, Deerfield, IL, USA).?"
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3. Rapid tools

Increasing pressure for identification and susceptibility
testing of microbes causing life-threatening infections,
such as blood stream infections, has led to the devel-
opment of rapid AST systems. The use of these rapid
systems can reduce even further the turnaround time,
with identification and AST results in up to 4-6 hours.
Technologies behind rapid systems include darkfield
microscopy, real imaging, cell sorting, flow cytometry,
microfluidics, and bioluminescence.?? Three rapid AST
systems have been more extensively described and
evaluated in the existing literature. QMIAC-dRAST sys-
tem (QuantaMatrix, Seoul, South Korea), not FDA-ap-
proved yet (application submitted in November 2019),
utilizes time-lapse microscopic imagery of bacterial
colony formation in agarose to determine AST directly
from positive blood cultures in as low as 4 hours. In a
study from Switzerland that included 130 Enterobac-
terales, 20 non-fermentative Gram-negative bacteria,
69 staphylococci and 31 enterococci, the overall cat-
egorical agreement, compared to BD Phoenix™ M50,
was 95.1%, 91.2%, 93.4% and 94.5%, respectively. The
median time to result was 6.7 hours and observed
very major errors (classification of a resistant strain as
susceptible) were below 4%, with the exception of
staphylococci (7%).2 Specific Reveal™ (bioMérieux,
France) is a Breakthrough Device Designation — FDA-
approved device for rapid AST results, directly from
positive blood cultures with a turnaround time of ap-
proximately 5.5 hours. The device uses small molecule
sensors to detect the volatiles released by microbes
as they grow, to quantify antibiotic efficacy. In a recent
American study, Specific Reveal showed 96.3% and
96.2% categorical agreement, when compared to Sen-
sititre and Vitek 2, respectively. Very major errors were
observed at a percentage of 1.3%.%* Accelerate Pheno®
system (Accelerate Diagnostics, USA) is an FDA ap-
proved method for microbial identification and AST
in 2 and 7 hours, respectively. The system uses gel
electrofiltration and fluorescence in situ hybridization
for identification of Gram-negative bacteria and auto-
mated microscopy for bacterial growth rates for AST.
In recent studies, Accelerate Pheno has shown high
categorical agreement and low percentage of very
major errors when compared to different methods,
including MALDI-TOF and Vitek 22526 and is currently
under clinical evaluation.

AMR detection
1. Phenotypic tools

Phenotypic tests for detection of AMR mechanisms
from microbial colonies have been widely used in mi-

VOL. 68 @ ISSUE 2, April-June 2023

crobiological laboratories. Double Disk Synergy Test
is used to detect ESBL production in Gram-negative
bacteria, interpreting inhibition zone diameter differ-
ences for cephalosporins with and without p-lacta-
mase inhibitors such as clavulanate.?’” Several tests
have been developed to detect carbapenemase pro-
duction, some of which can also differentiate between
different carbapenemase classes. The use of the Mod-
ifled Hodge Test for carbapenemase detection is no
longer recommended by the CLSI due to false positive
results for ESBL and AmpC producers, and false neg-
ative results for metallo-B-lactamase producers.?¢ The
Carbapenem Inactivation Method (CIM) detects car-
bapenemase production by assessing growth or no
growth of a susceptible E. coli strain around a merope-
nem disk previously immersed in a suspension of the
microbe under investigation. A modified version of
CIM, exhibiting high sensitivity and specificity, is rec-
ommended by the CLSI.?° The Combination Merope-
nem Disk Test is based on the inhibiting abilities of
boronic acid for KPC carbapenemase and EDTA for
metallo-3-lactamase to differentiate between different
carbapenemase classes.>°

CLSI guidelines recommend Carba NP, CIM, and/or
a molecular assay for carbapenemase detection when
suspected, namely when MIC for imipenem and
meropenem is below 4 ug/ml and below 2 pg/ml for
ertapenem. Screening cut-off values for carbapene-
mase production according to EUCAST for merope-
nem and ertapenem MIC is 0.125 pg/ml and 28 and
25 mm, respectively. Further investigation is rec-
ommended by using a phenotypic method such as a
combined disk test, a colorimetric assay, or a lateral
flow immunoassay (LFIA). Choosing the appropriate
method for carbapenemase production depends
mostly on the available resources and the local epi-
demiology of resistant microorganisms. Greece is en-
demic for most carbapenemases-producing Entero-
bacterales, hence laboratories use a combined disk
test, such as the Combination Meropenem Disk Test,
that confirms carbapenemase production and at the
same time differentiates between different classes.

The main disadvantage of the growth-based
methods is the need for an incubation of up to 24
hours. Colorimetric tests are based on biochemical or
electrochemical reactions that provide resultin a few
hours. Carba NP test and its variants utilize incubating
imipenem with the strain under investigation and a
pH indicator. Hydrolysis of imipenem is indicated by
the change of colour when the pH changes.?' Sensi-
tivity and specificity are high for most carbapene-
mases produced by Enterobacterales, with the excep-
tion of OXA-48. Modified versions of the colorimetric
tests have shown improved detection for all carba-
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penemases including enzymes produced by non-fer-
mentative Gram-negative bacteria.>? LFIA for detection
of carbapenemase production can provide definitive
results directly from grown colonies in as little as 15
minutes. Multiplex LFIA exhibit high sensitivity and
specificity for all clinically relevant carbapenemases,
namely KPC, metallo-B-lactamases and OXA-48 pro-
duced by both Enterobacterales and non-fermenters.?
Local epidemiology and the fact that LFIA cannot de-
tect newly emerging carbapenemases or rare ones
should be taken under account. Even though LFIA is
a simple to use and rapid method, the relatively high
cost is an important factor of consideration when in-
tegrating the method in routine laboratory workflow.

Resistance to methicillin for Staphylococcus aureus
strains can be determined using a disk of cefoxitin as
recommended by both the CLSI and EUCAST, with a
sensitivity of 97.2% and specificity of 100%, or by any
AST method. Resistance to methicillin can also be de-
termined by detecting the PBP2a protein directly on
isolated colonies, using latex agglutination (Oxoid,
Thermo Fisher Scientific Inc., Lenexa, KS, USA) and an
immunochromatographic method (Alere, Abbott Dia-
gnostics, Abbott Park, IL, USA). Both methods exhibit
high sensitivity but relatively low specificity, due to in-
ability to detect methicillin resistance mediated by
the mecC gene.** Different AST methods either based
on inhibition zones or MIC, can be used to determine
resistance to vancomycin for enterococci. Correct
species identification is imperative to avoid reporting
strains intrinsically resistant to vancomycin, such as
Enterococcus gallinarum and E. casseliflavus. Resist-
ance to both vancomycin and teicoplanin indicate the
presence of vanA gene while resistance only to van-
comycin the presence of vanB gene.* LFIA and imm-
unoassays have been proposed and tested for the
detection of VRE in clinical and food samples. The NG-
Test VanA and VanB (NG Biotech, France) have shown
excellent sensitivity and specificity.3” However, de-
termining the presence of VanA or VanB using LFIA or
immunoassays significantly increases the cost, when
resistance to vancomycin can be detected by classic
cheaper methods like disk diffusion, while not adding
to the infection control practices.

2. Molecular tools

Several molecular methods have been used during
the past few decades for the detection of resistance
genes associated with all known AMR mechanisms,
like pulsed-field gel electrophoresis (PFGE), amplified
fragment length polymorphism (AFLP), arbitrarily
primed PCR (e.g. RAPD) and multilocus sequence typ-
ing (MLST). Whole genome sequence (WGS) has slowly
replaced these methods, providing an abundance of

information not only in regard to AMR genes, but also
to phylogenetic relatedness and bacterial typing.®
However, WGS has certain disadvantages, like high
costs, and requiring special equipment and trained
personnel, rendering integrating the method into la-
boratory routine workflows difficult.?

Genotypic AMR detection methods provide quick
and reliable results, either from bacterial colonies or
directly from clinical samples, without time-consum-
ing incubation. Such methods may detect a single
AMR mechanism or use syndromic panels to detect
multiple AMR mechanisms.* Several FDA-approved
systems have already been integrated into routine mi-
crobiological workflows and evaluated in clinical set-
tings, in recent years.*!

The GeneXpert® system (Cepheid, USA), is an auto-
mated platform that provides a variety of assays for
AMR detection using real-time polymerase chain re-
action (PCR). The instrument can detect the presence
of genes associated with all clinically relevant carba-
penemases (blaivp, blanom, blavim, blaoxa-4s, blakpc)
produced by Enterobacterales and P. aeruginosa from
bacterial colonies, using the CARBA-R assay. The
MRSA/SA SSTl and Xpert MRSA/SA, MRSA Nasal Com-
plete assays can detect mecA, SCCmec and attB junc-
tion for MRSA, from skin and soft tissue and nasal
swabs, respectively. In addition, the Xpert vanA and
Xpert Carba-R assays can detect vanA VRE and carba-
penemase genes from Enterobacterales, A. baumannii
and P. aeruginosa, directly from rectal swabs. An Xpert
MRSA/SA BC assay has been developed for MRSA de-
tection directly from positive blood cultures.*

The VERIGENE® Il System (Luminex, USA) is a mo-
lecular diagnostic platform that performs both targeted
and multiplex testing on a single sample. The Staph-
ylococcus Blood Culture (BC-S) Nucleic Acid assay de-
tects the mecA gene for MRSA and the mecA, vanA,
vanB genes for MRSA and enterococci, directly from
positive blood cultures.® In addition, the BC-GN assay
detects carbapenemase related genes (blactx-m, blamp,
blanpm, blaviv, blaoxa, blagpc) for Gram-negative bac-
teria in positive blood cultures.

The FilmArray (BioFire Diagnostics, USA) platform
is a sample-to-answer multiplex PCR syndromic sys-
tem for the identification of relevant microbial
pathogens and detection of AMR genes. The BioFire
PN panel detects clinically relevant microbes and as-
sociated AMR genes from lower tract respiratory spe-
cimens. In addition, the BioFire BCID2 panel detects a
wide variety of pathogens from positive blood cul-
tures and AMR genes associated with carbapenemase
and ESBL production for Gram-negative bacteria, me-
thicillin resistance for S. aureus and vancomycin resist-
ance for enterococci.*
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3. Proteomic tools

Matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) has been
extensively used in recent years for the rapid identifi-
cation of microorganisms. The method has also been
used to detect specific resistance mechanisms by
quantifying bacterial enzyme activity towards antibi-
otics or direct detection of genes associated with an-
tibiotic resistance.*> However, the application of the
method in practice is debatable since MIC determina-
tion is not possible. Furthermore, detection of resist-
ance gene presence does not necessarily translate to
resistance to antibiotics.

Where are we heading
Road bumps ahead and future perspectives

Most microbiological laboratories are currently using
a combination of phenotypic and molecular methods
for AMR detection, in an effort to make the best out
of both. Phenotypic detection often requires pro-
longed turnaround time but is of lower cost, while
molecular methods are fast, yet expensive. Patients
might benefit from laboratory workflows that prior-
itize molecular detection in clinical specimens with
indication of invasive life-threatening infection. For
example, using a combination of a rapid identification
system such as MALDI-TOF, after rapid incubation of
a positive blood culture, with a rapid AST platform,
followed by phenotypic AMR detection via LFIA, could
yield results in only a few hours. In addition, for criti-
cally ill patients or patients with known MDRO risk
factors, with a positive blood culture, using a sample-
to-answer syndromic platform, can provide valuable
information in as fast as one hour. Furthermore, rapid
detection or no detection of any AMR mechanism can
optimize antibiotic stewardship efforts.

Even though Microbiology has come a long way
since the detection of the first resistant microbe, there
are still some obstacles we need to overcome. Inte-
grating rapid phenotypic and molecular methods for
AMR detection in the daily laboratory routine requires
keeping up with innovative and cutting-edge tech-
nologies, special equipment, trained personnel, and
efficiently utilize and communicate the relevant infor-
mation and data to clinicians, in order to optimize clin-
ical practices. More importantly, these methods need
to be integrated in a financially sustainable way, espe-
cially in MDRO endemic environments like Greece,
where the high number of isolated MDRO can sub-
stantially increase the costs.

There are currently many promising technologies
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in the field of AMR detection, at the stage of proof of
concept. These include microfluidics with automated
time-lapse photomicrography, measuring optical
density and the scattered intensity by forward laser
light scattering, single-cell morphological analysis, de-
tection of volatile organic compounds associated with
microbial metabolism, and cultivation and semi quan-
titative smartphone-based visual analysis of nucleic
acid products.*

Artificial intelligence (Al) is a field that combines
computer science and robust datasets, to enable prob-
lem-solving. Machine-learning is a branch of Al that
utilizes data and algorithms to imitate the way the
human brain learns and processes information to im-
prove performance. Al has already been tested
through different angles, in order to determine the
different approaches that can be used regarding AMR
detection and management. These approaches in-
clude the prediction of AMR by a combination of flow
cytometry and machine learning and a combination
of infrared spectroscopy with artificial neural net-
work.# In addition, Al can analyse and manage shot-
gun or metagenomic DNA sequences for the predic-
tion of AMR. Furthermore, machine learning models
have shown potential for diagnosing sepsis based on
parameters such as clinical signs, biochemical factors
and biomarkers, and ultimately support the optimiza-
tion of antibiotic strategies for sepsis. However, inte-
grating Al for AMR detection in clinical laboratories
poses some significant challenges. In addition to the
extensive training needed to use Al programs and in-
terpret the results, obtaining the necessary big data
to export clinically relevant conclusions is expensive
and time consuming. Data quality, also significantly
affects Al performance. Lastly, when it comes to AMR
mechanisms for less common microorganisms or iso-
lated from unusual environments, it is challenging to
develop effective machine-learning models.*34°

Conclusions

This review demonstrates the abundance of methods
at our disposal when it comes to battling AMR. The
susceptibility profile of a microorganism can be de-
termined by the inhibition zones of the simple disk
diffusion method, by the MIC provided by BMD,
ETESTO© and automated tools or even directly from
positive blood cultures in a matter of a few hours. In
addition, AMR mechanisms can be detected using
phenotypic disk tests, immunoassays, LFIA and more
elaborate molecular methods. Many more principles
and methods are currently being developed and
tested to that end.
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Undoubtedly, evolution of AMR poses various chal-
lenges and often complicates the development of ef-
ficient diagnostic tools, the determination of optimal
treatment and the implementation of appropriate in-
fection control practices. However, if the progress in
the field of Microbiology since the emergence of the
first resistant microbe until now is any indication, the
future holds many more adventures and scientific
breakthroughs in the fight against AMR.
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MepiAnyn

MéeBodoloyieg mpoadloplonov TG avTiKPoBIAKAC evaiocOnoiag Kat
TWV MNXAVICHWV MIKPOBIAKAG AVTOXAG OTO KAIVIKO EpYacTriplo: mou
BplokopaoTte kKat mMoU 0SEVOUUE;

Nektapia PekAeitn
Epyaotripio MikpofioAoyiag, [eviké Noookoueio lNeipaid «T{dveio»

AT TNV avakdAuyn TNG MEVIKIAIVNG, TTEPITTOU évav alwva TPtV HEXPL ORUEPQ, N HAXN Eva-
vtiov Twv pIkpoBiwv éxel urtdp&el opodpr aAld kat dvion. Ta pikpofia éxouv amodelyOei
€CAIPETIKA ELTTPOCAPUOOTA AVATTTUCCOVTAG TTOAOUC S1APOPETIKOUE UNXAVIOUOUS AVTOXAS
amévavtl ota avTiPloTikd. Ot KUPLOTEPOL UNXAVIOUOI aVTOXAG agopouv Tnv adpavoroinon
TWV KEGANOCTIOPIVWV Kal TV KapRamevepwy yia ta Gram apvnTikd Baktipla, TV avtoxn
otnVv HEBIKINNIVN yia Tov Staphylococcus aureus Kat TNV avtoxr otnv Bavkouukivn yla Toug
EVTEPOKOKKOUC. H EANASa gival evOnuIKr yla Ta mEPIOCOTEPA TTOAUAVOEKTIKA UIKPOLLa Ta
oroia MPOKAAOUV eVOOVOCOKOUEIOKEC AOIMWEELC, AAAA Kal AOIUWEEIC TNG KOIVOTNTAC TTOU
TIEPITTAEKOULV TNV BepaTeia Twv acBevwy, EMUNKUVOULV TNV TTAPARIOVH TOUG OTO VOOGOKOEIO,
av€davouv 1o k6oTOC voonAeiag kat epgavifouv upnAn voonpotnta kat Bvntétnta. H avi-
Xveuon Kat Oeparmeia Twv Aolpwewv amd moAvavOeKTIKA HIKPOBia pe Tpémo a&lomoTo Kal
YPAYOPO gival IBlaItépw¢ onpavTiKn. Tig TEAeUTAiEC SEKAETIEC EMOTAOVEC ATIO SIAPOPETIKA
niebia €xouv avamntUel véeg Texvoloyieg kal peBddoug, pue okomo va BeltiotomoinBei 1éoo
N B€PATIEVTIKA AVTIUETWTTION OGO KAl Ol TIPAKTIKEC EAEYXOU AolHWEEWY. Me TNV mapovoa e-
102 A€Tn yivetal pia avaokomnnon twv pebddwv avixveuong avTiikpoBlaKAg avtoxng Kat Twv
MNXAVIOUWV TNG. ATTO TO KAAOIKS avTifioypappa didxuong Siokwv oTta ypriyopa cucTiuata
kaBoplopou po@ih evaloBnoiag péoa oe Ayeg HOVO WPEC, Kal ato TIG TOAVWPES PAIVOTU-
TMKEG HEBOSOULC avixveuong avtoxng LEXPL TA YPRYOPA HOPLAKA TTAVEN AViXVELUONG UNXAVI-
OMoU avtoxnc ameuBeiag amd to deiyua, n MikpoBloloyia €xel kAvel AApata. Ta meplocdtePa
MIKPOBIOAOYIKA EPYACTHPLA XPNOLUOTIOIOUV €vav CUVOUACGUO TWV KAACIKWY KAl TWV VEOTE-
PWV HOPLOKWV PEBGSWV yla TNV AVIXVELON TOU UNXAVIOMOU AVTOXNG, KABWG N AMOKAEIOTIKN
EQAPMOYH HoplaKwV PEBOOWV ep@avilel AKOUN APKETEC TTPOKARCEILC, PIE ia ammd TIG KUPLO-
TEPEC TNV OIKOVOMIKN eMPBdapuvon. QoTtdoo, N aApatwdng mpdodog Tng Mikpoflohoyiag amo
TNV EUPAVION TOU TTIPWTOU AVOEKTIKOU UIKPOPiou pEXPL Kal OAMEPQ, amOoTEAEL EATTIOOQOPO
OlWVO Y10 TO HEANOV KAl TIC CUVAPTIAOTIKEC AVAKAAUYEIG TTOL Ba QEPEL.

Né€eic kAeibia
y.____ Avufioypopua, [yoviouos avioyns ato. avifiotikd, paIvoTomIKI aviyvevon
avTIKpOPIOKIG GVIOYNGS, LOPLOKT OVIYVEDGH OVTILIKPOPIOKIG OVIOYNS
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Summary

Uropathogenic Escherichia coli (UPEC) is one of the main causes of urinary tract infections (UTIs).
We aimed to investigate the antimicrobial resistance (AMR) pattern, the frequency of some viru-
lence genes (VGs), and the association of AMR with VGs.

A total of 300 urine samples were collected from patients suspected to have UTI. The samples
were examined by biochemical and microbiological methods and VITEK2 compact system to
identify the bacterial infectious agents. The antimicrobial resistance pattern and virulence genes

TOMOZ 68 @ TEYXOZX 2, AnpiAiog-loUviog 2023




106

HUDA AL-MOSLEM, SEYEDEH ELHAM REZATOFIGHI, YASIN YACOUP YOUSIF AL-LUAIBI, MOHAMMAD REZA AKHOOND

(papAH, papC, papEF, papG, fimH, and fyuA) profile of UPEC isolates were investigated and the
relationship between these traits was evaluated by statistical methods.

Among these samples, 201 (67%) exhibited a positive growth on culture media. E. coli was
isolated from 60 (29.85 %) specimens followed by Klebsiella pneumoniae 42 (20.90%), Staphy-
lococcus aureus 38 (18.9%), Enterobacter spp 29 (14.43%), Pseudomonas aeruginosa 10 (4.98%),
Proteus mirabilis 15 (7.46%), others about 7 (3.48 %) isolates. Antibiogram results of 15 antibiotics
examined showed that all E. coli isolates were multidrug-resistant (MDR). The commonest anti-
microbial resistance was observed against Streptomycin (100%), Kanamycin (98.3%), and Am-
picillin (96.7%). The most sensitive agents were Meropenem (96.4%), Nitrofurantoin (93.4%),
and Imipenem (85%). VGs detected among UPEC isolates were fimH (88.3%), papAH (85%), papC
(85%), papG (80%), fyuA (80%), and papEF (60%).These results alleged no strong correlation be-
tween VGs and AMR in E. coli strains.

Based on the results of the present study, virulence genes, and antimicrobial resistance are in-
dependent properties and can transfer to other bacteria separately.Further studies are needed
to better understand the relationship between different virulence factors (VFs) and AMR at a

molecular level, as most UPEC isolates express several VFs and AMR simultaneously.

Key words
y___.- Uropathogenic Escherichia coli; Antimicrobial Resistance,
Virulence genes; Urinary tract infection

Introduction

Urinary tract infection (UTI) is an important infectious
disease in humans. Previous studies have reported
that UTI can be caused by many pathogens such as
Escherichia coli, Klebsiella, Proteus, Pseudomonas, and
other microorganisms.! E. coli, the main cause of UTI,
is a part of the normal flora of healthy individuals but
some strains may lead to disease in the intestine or
some other organs. Uropathogenic E. coli (UPEC)
strains have acquired virulence properties that enable
them to cause disease. Pathogenic E. coli strains are
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generally classified into three groups of diarrheagenic,
uropathogenic and strains causing other extra-intes-
tinal manifestations, including sepsis/meningitis.?

To form a UTI, E. coli needs to overcome several de-
fense lines. Virulence factors (VFs) are molecules pro-
duced by bacteria that enable the microorganisms to
thrive within host species, and increase the ability of
microbes to cause disease.? Virulence genes (VGs) of
UPEC strains are transferred by plasmids or localized
on chromosomal gene clusters, called “pathogenicity
islands”4

Some of the major VFs which found in UPEC are ad-
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hesins, protectins, toxins, and iron-acquisition sys-
tems.> More than ten different pilus systems are rec-
ognized in UPEC strains; however, the most common
and best characterized are type 1 and P pili encoded
by the fim and pap operons, respectively.®

The second common VG of UPEC is papC which
plays an important role in producing pylonephritis
caused by ascending UPEC strains. P fimbriae are het-
eropolymeric fibers composed of different protein
subunits including Pap C, Pap A, Pap H, Pap K, Pap E,
and Pap F.7

Several iron-acquisition systems have been identi-
fied in pathogenic E. coli. Yersiniabactin is associated
with a siderophore system in which low mass mole-
cules have high affinities for iron absorption, and are
important in pathogenic bacteria. Yersiniabactin
could solubilize the metal bounds in host binding pro-
teins and transport iron to bacteria because of their
high affinity to iron. The expression of yersiniabactin
is regulated by fyuA gene.®

Antimicrobial resistance (AMR) genes are typically
acquired through mobile genetic elements (MGE) in-
cluding plasmids, insertion sequence elements, trans-
posons, and integrons.’

Many MGEs, especially plasmids, are transferred be-
tween different members of the Enterobacteriaceae
enabling the spread of the resistance genes.’® MGE
scan also encode VFs, and there may be an interplay
between virulence and AMR.® AMR is rapidly increas-
ing and has become a global problem. Resistance de-
velopment and appearance of multidrug-resistant
(MDR) strains in UTls may be due to frequent use of
antimicrobial agents usually with broad spectrum,
hospitalization, anomalies in the urinary tract system,
age, catheterization, and recurrent UTls."

Several studies have shown that resistant E. coli
strains tend to be less pathogenic than susceptible
isolates; however, some studies reported opposite re-
sults.’>3 Furthermore, it remains unclear whether vir-
ulence and antimicrobial resistance are co-associated
factors or independent. In this study, we investigated
the frequency of some VGs and resistance against an-
tibiotics, then their relationships were determined.

Materials and Methods

Sample Collection

The current study was conducted at the AL Zubair
Hospital and Dar AL Shifaa Investment Hospital in
Basra; Iraq, from November 2020 to March 2021. The
urine samples were collected from patients referred
to AL Zubair hospital and Dar AL Shifaa Investment
hospital in Basra, Irag. A total of 300 urine specimens

were collected, and then the demographical data
such as name, age, gender, address and clinical man-
ifestation (cystitis, pyelonephritis) were recorded by
physicians. The samples of patients who had taken
any medicine in the past three days were excluded
from the study. Midstream urine was collected from
suspected patients and sent to the laboratory for
further analysis.

Isolation and identification of microorganisms
Urine samples were analyzed and then cultured on
blood agar (Merck, Germany) and MacConkey agar
(Merck, Germany). Cultured samples were incubated
overnight at 37°C. If the growth count was less than
103 CFU/mL or when growth of two or more species
were detected, the samples were considered negative
or contaminated, respectively. Urinary infection was
positive by the number of =10° CFU/mL. Grown bac-
teria were identified using conventional morpholog-
ical and biochemical tests including Gram staining,
culture on Eosin Methylene Blue (Merck, Germany),
Triple Sugar Iron agar (TSI)(Merck, Germany), Methyl
Red-Voges-Proskauer (MR-VP)(Merck, Germany), and
Simmons Citrate agar (Merck, Germany). Final confir-
mation was performed using VITEK2 compact system
(Biomerieux, USA).

Antimicrobial Susceptibility Testing

All E. coliisolates were subjected to antibiotic suscep-
tibility analysis using the Kirby-Bauer disc diffusion
method. The selection of antibiotic discs was done
according to the guidelines recommended by the
Clinical and Laboratory Standard Institute (CLSI,
2020)."* Antibiotic discs (Liofilchem, Italy) used, in-
cluded streptomycin (10 pg), kanamycin (30 ug), cip-
rofloxacin (5 ug), amikacin (30 pg), amoxicillin-clavu-
lanate (30 pg), tetracycline (30 pg), meropenem (10
pg), ampicillin (25 pg), cefotaxime (30 ug), trim-
thoprim-sulphametoxazole (25 pg), nitrofuranation
(300 pg), ceftazidime (30 pg), and imipenem (10 pg).

Genomic DNA Extraction

Genomic DNA of E. coli isolates was extracted using
Wizard® Genomic DNA extraction kit (Promega, USA)
according to the instructions. The extracted DNA was
stored at -20°C until use.

Multiplex PCR

The presence of papAH, papC, papEF, papG, fimH, and
fyuA genes was evaluated by multiplex PCR. The
primer sequences and reactions were performed ac-
cording to protocols described by Johnson and Stell."
Amplification was done in a 25-pL reaction mixture
containing 12.5 yL PCR master mix (Promega; USA),
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5uL DNA template, 0.6 uM of each primer and distilled
water up to 25uL. PCR amplifications consisted of pri-
mary denaturation at 94°C for 5 min, 35 cycles of de-
naturation at 94°C for 1 min, annealing at 60°C for 1
min and extension at 72°C for 1 min and finally an ex-
tension at 72°C for 7 min in a thermal cycler (Applied
Bio System USA).

Statistical Analysis

Relationship between VFs and antimicrobial resist-
ance was evaluated using Spearman’s correlation co-
efficient matrix. Results were shown using a
correlogram drawn by R software (version 4.1.3). Cor-
relations with a p <0.001 were considered significant.
A dendrogram was drawn according to UPGMA (un-
weighted pair group method with averaging) sup-
ported by the Numerical Taxonomy and Multivariate
Analysis System (NTSYS) package version 2.02pc to
evaluate the similarity between isolates based on VGs
profile and antimicrobial resistance pattern of UPEC
isolates.

Results

Profile of bacteria isolated from patients with UTI
In the present study, 300 urine samples were collected
from patients suspected to have UTl based on clinical
manifestations. Among these, 201 (67%) exhibited
growth of uropathogenic bacteria, while 99 (33%)
showed no growth. Out of 201 detected isolates, 38
(18.9%) and 163 (81.1%) were Gram-positive, and
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Gram-negative bacteria, respectively. The positive cul-
tures for women and men were 152 (75.62%) and 49
(24.37%), respectively, which was statistically signifi-
cant (p <0.05). These identified bacteria belonged to
different genera. Among Gram negatives, 60 (29.85%),
42 (20.90%), 29 (14.43%), 15 (7.46%), and 10 (4.98%)
urine specimens were positive for E. coli, Klebsiella
pneumoniae, Enterobacter sp., Proteus mirabilis, and
Pseudomonas aeruginosa, respectively. The other Gram
negatives were about seven (3.48 %). Staphylococcus
aureus, a Gram positive pathogen, was isolated from
38 urine samples (Fig 1). The samples which showed
no bacterial growth or growth below 10°cfu/mL were
excluded from the study. Symptoms of these patients
could be attributed to other causes outside the target
of this study. Therefore, we found E. coli as the pre-
dominant etiology of UTI.

Antimicrobial Susceptibility Determination

All UPEC isolates were subjected to antimicrobial sus-
ceptibility testing according to the CLSI (2020) guide-
lines. As shown in Fig 2, antimicrobial resistance was
determined, in receding frequency, against strepto-
mycin (100%), ampicillin (95%), ceftazidime (93.3%),
cefotaxime (86.7%), trimethoprim-sulphametoxazole
(78.3%), amoxicillin-clavulanate (63.3%), nalidixic acid
(58.3%), ciprofloxacin (53.3%), kanamycin (40%), gen-
tamycin (36.7%), amikacin (26.7%), imipenen (15%),
nitrofurantoin (6.6%), meropenem (3.3%) (Fig 2).

Distribution of VGs
The PCR results showed that 96% of the UPEC isolates

PseudO{'nonas Others

aeruginosa 3.48%
Proteus mirabilis 4.98%
7.46%

Enterobacter
14.43%

Kiebsiella pneumorV
20.90%

Gram positive
B 18.91%

Escherichia coli
29.85%

Figure 1
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Profile of bacteria isolated from patient with urinary tract infection.
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Figure 2 Antibiotic susceptibility pattern of uropathogenic Escherichia coli isolates.

had at least one of the investigated VGs. The highest
and lowest frequencies were related to the fimH
(88.3%) and the papEF (60%) isolates. The genes of
papC, papAH, papG, and fyuA were detected in 51
(85%), 51 (85%), 48 (80%), and 48 (80%) of UPEC iso-
lates, respectively.

Correlation between antimicrobial resistance
and VGs

Spearman’s correlation coefficient matrix was per-
formed to determine the relationship of antimicrobial
resistances, VGs, and antimicrobial resistances with
VGs.The strongest associations were detected among
resistance to: nalidixic acid and gentamycin, ciproflox-
acin and gentamycin, ciprofloxacin and nalidixic acid,
and amoxicillin-clavulanic acid and kanamycin. pap
genes showed a relationship with each other (Fig 3).

Cluster analysis

The drawn dendrogram showed 35 (58%) isolates lo-
cated in one major cluster due to similarity in genetic
background and antimicrobial resistance pattern (Co-
efficient of 0.8) (Fig 4).

Discussion

Based on our results, UPEC is one of the major caus-

ative agents of UTls in Basrah city, Iraq. In the present
study, the frequency of UPEC isolates was higher in fe-
males than in males. It could be due to hormonal and
anatomical differences of the urinary tract in females.

Findings of the present study revealed a high rate
of resistance to streptomycin, kanamycin, and ampi-
cillin. Studies from other countries also reported a
high frequency of AMR against UPEC isolates.'>'® We
found that 63.3% of the UPEC isolates were resistant
to amoxicillin-clavulanic acid. In Mexico, UPEC strains
related to outpatients with uncomplicated UTI
showed 19.6% resistance against amoxicillin-clavu-
lanic acid.”” Another study on community-acquired
UTls in Italy reported 18.2% resistance against amox-
icillin-clavulanate in UPEC isolates.'®

With respect to the findings of the present study,
UPEC isolates showed high sensitivity to meropenem,
nitrofurantoin and imipenem, which was in accor-
dance with the results of other studies.’®?® Nitrofu-
rantoin is prescribed only for the treatment of uncom-
plicated UTls, because it cannot reach an appropriate
level in the bloodstream. Nitrofurantoin is not rec-
ommended for complicated UTI or systemic involve-
ments; however, due to increased resistance against
sulfamethoxazole-trimethoprim and quinolones in
UPEC strains, the rational use of nitrofurantoin has
been recommended in cases such as re-infection or
prophylaxis of recurrent uncomplicated UTls.?'-22
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Figure 3

&
Correlogram generated ac- GEN [1.00
cording to the relationship [ea]

NA 0.531.00] (&
between the presence of ]

. KAN [0%c|0% i1,
UPEC virulence genes and 100 ¥
antimicrobial susceptibility CIP |0.590.930%7/1.00 .\
pattern. The relationships AM | x| x| x %100 @
w%th p> 0.05 are marked AMC |0%2 %2074 0% % (1,00 (g%
with a cross (x). GEN TET [ o] % [ o] e [1.00] (@
gentamycin; NA: nalidixic — » A
acid; KAN: kanamycin; MEM | x | x | x x x X | x ‘1.00. S\

CIP: ciprofloxacin; TET:
tetracycline; AM: amika-
cin, AMC: amoxicillin-
clavulanate, TET: tetracy-
cline, MEM: meropenem,
AMP: ampicillin, cefotax-
ime, TMP-SMX: trim-
thoprim-sulphametoxa-
zole, FM: nitrofuranation,
CTZ: ceftazidime, and
IMP: imipenem.

CTX | % | % | % | % | %

IMP.x X X | x| X
papAbe.x x| x| x
papC x‘x x'xvx
papEFix x‘x.x.x

papGxxxxx

fyuA X | X X X | X

AMP.X'x'x.x.x.
TMPSMX | X |[0%7| X |[0%2 X
FM | x| x| x| x| x

CTZ | %:|:% | x %] x

fimH  x x| x| % |%

X

X

x| x 100 <h

x| x| x x| x 10 <

+~
Y
x | % | x 100 ’W"?%

X7 X 0% X 100 o0

-0.28

x‘x.x.x.x.xvtonl\\r\‘?

X X X X X X X 100 @QPX\

X | x| X x| x| x| x x 100 Q,‘\QO

%5 % | x| % || X [ R | X |0.481.00 Qgi-é

X [oxof X | x| %X | X |[:2:]:% |0.420.421.00 @QG
| x| x . x . x . x® | x| x| x % .tw,»'.!". x .1.00 ‘\\QX\

% | x| x| x| % |owd x| x|x|x|x|x|100 ,do‘?“
X | X | X (0% % | X | X | X | X |0%70.61 % | X [1.00
023 0.36 049 0.61 0.74 0.87 1

01

Detection of VFs can improve our knowledge about
the pathogenic processes of UTIl and reduce compli-
cations such as kidney failure. In the present study,
we determined the frequency of six important VGs
among UPEC isolates. We deployed a molecular
method to explore the association between some VGs
and AMR in UPEC strains isolated from patients with
UTI in Basrah city, Irag. UPEC isolates carry different
Vgs and are diverse due to the presence of MGEs such
as plasmids, transposons, pathogenic islands (PAls),
and bacteriophages. These genetic elements may
carry AMR genes in addition to Vgs. It has been re-
ported that some plasmids belonging to the IncF in-
compatibility group, carry both virulence and antibi-
otic resistance genes.'?

Type 1 and P fimbriae are frequent among UPEC
strains isolated from cystitis and pyelonepbhritis, re-
spectively.? In the present study, imH which encodes
the type 1 fimbria was found in almost (88.3%) UPEC
isolates. Other studies reported a lower frequency of
fimH such as that reported by Paniagua-Contreras et
al (2017) in Mexico with a prevalence rate of 61.3%.%
Tiba et al conducted a study on the VGs of UPEC
strains isolated from patients with cystitis.?> The high-
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est frequency rates of VFs were related to fimH (97.5%)
and papC (32.7%). In E. coli strains isolated from Ro-
manian adults with UTI, the incidence rate of fimH and
papC was reported at 86% and 36%, respectively.?® In
our study, both papC and papAH were found in 85%
of UPEC isolates.

The results showed that the UPEC isolates carried
these six VFs with high frequencies. These results
demonstrated no strong correlation between VGs and
AMR in E. coli strains. A strong association between
pap genes indicates that these genes are located in a
gene cluster.

Johnson et al believe that AMR and virulence do
not usually co-evolve and most multidrug resistant
isolates are less virulent than susceptible ones.* Ho-
wever, some researchers reported a positive associa-
tion between virulence traits including fimH receptors
with AMR.?728 There are many contradictions in this re-
gard. To sum up, UPEC strains differ in their patho-
genic potential and susceptibility to antimicrobial
drugs in different patient populations, a point that
should be considered when guidelines are developed
for the management of UTI. Regular evaluations and
formulation of antibiotic use policy are essential in
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managing the transmission and acquisition of AMR.
Further studies are necessary to better understand
the relationship between different VFs and AMR at a
molecular level as most UPEC isolates simultaneously
express several AMR or VFs. However, based on the
results of this study VGs and antimicrobial resistance
are independent properties and can transfer to other
bacteria separately.

UPGMA (Unweighted pair-group method with arithmetic clustering) dendrogram according to data from antimicrobial
resistance phenotype and virulence genes of uropathogenic Escherichia coli strains. Positive genes or antimicrobial
resistance were shown with green color, while negative genes or antimicrobial susceptibility were shown with white
color. GEN: gentamycin; NA: nalidixic acid; KAN: kanamycin; CIP: ciprofloxacin; TET: tetracycline; AM: amikacin,
AMC: amoxicillin-clavulanate, TET: tetracycline, MEM: meropenem, AMP: ampicillin, cefotaxime, TMP-SMX: trim-
thoprim-sulphametoxazole, FM: nitrofuranation, CTZ: ceftazidime, and IMP: imipenem.

Conclusion

E. coli is one of the main causative agents of UTI. The
results showed that UPEC isolates harbored different
VFs. Moreover, we did not find a strong connection
between VFs and AMR in UPEC isolates. Further
studies are needed to better understand the relation-
ship between different VFs and AMR at a molecular
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level, as the most UPEC isolates simultaneously ex-
press several VFs and AMR.
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To oupomnaBoyoévo oteléxn Escherichia coli (UPEC) sival pia amd Tig KUpLEG altieg oupoAol-
pwéewv (UTls). Ztdxog TnG mapoloag eAéTng Atav n SlEpevivnon TNG AVTIMIKPOPBIOKAG avTo-
X< (AMR), n cuxvétnTa oplopévwy yovidiwv Aotpoydvou dpdong (VGs) Kat n TUXOV CUCKETION
TOUG. ZUVOAIKA GUAEXONKav 300 Seiypata ovpwv amod acBeveic pue umopia oupoAoipwéng.
Ta Seiypata e€eTaoTNKAV HE TIG KAACIKEG BlOXNUIKEG Kal LIKpoBlohoyikég ueBddoug, evw n
TAUTOTIOINON Kal 0 éAEYXOC ELAICONGCIAC TWV ATTOOVOUUEVWY MIKPOOPYAVIOUWYV EYIVE HE
TO nuiavTomoinuevo cuotnua VITEK2 (bioMerieux). Ztn cuvéxela, mpoodlopioTNKE TO TIPOPIA
yovidiwv Aoipoydvou dpdaong (papAH, papC, papEF, papG, fimH, and fyuA) Twv amopovouue-
vwv UPEC kal éywve Slepelvion TuXOV CUOXETION TOUG E TO AVTIOTOLXO TTPO®IA TNG AVTIUL-
KPOBIAKAC AVTOXNG ME OTATIOTIKEG HEBOSOUC. MeTaly Twv Selypdtwy, 201 (67%) ¢dwaoav
BeTik6é amotéheopa otnv KaAépyeta. O pikpoopyaviouog E. coli amopovwOnke amd 60
(29,85 %) deiyupata, akoAouBoUpEVOC Ao TOUC Pikpoopyaviououg Klebsiella pneumoniae
42 (20,90%), Staphylococcus aureus 38 (18,9%), Enterobacter spp. 29 (14,43%), Pseudomonas
aeruginosa 10 (4.98%), Proteus mirabilis 15 (7.46%) kat Aoimoi pikpoopyaviopoi 7 (3.48 %).
Ta anmoteAéopata avtifloypdupatog yia 15 avtilotikwy mou egetdotnkav €6ei&av 6ti OAa
Ta anopovwuéva oteéxn E. coli ftav moAvavBektikd (MDR). H cuvnBéotepn avTtipikpoiakn
avtoxn mapatnEnOnke évavtl oTPENMTOpUKIvNG (100%), Kavapukivng (98,3%) Kat apmKIANVNG
(96,7%). Ta peyaAutepa moocooTd svaloOnoiag mapatnendnke o pepomevéun (96,4%), vi-
TPOoPoupavToivn (93,4%) Kkat meveéun (85%). Ta VGs mou avixvelBnkav YeTa&l Twv amo-
povwoewv UPEC Atav: fimH (88,3%), papAH (85%), papC (85%), papG (80%), fyuA (80%) kai
papEF (60%). H otatiotiki avaluon €6eiée ot1 Sev umapxel loxupr ouoxétion petadu VGs
kat AMR ota oteléxn E. coli TNG HENETNG. ZUPTEPACUATIKA, Ta Yovidla Aotpoydvou dpdong
Kal N avTipikpoBlakn avtoxn gival aveaptnTeg IG10TNTEC Kal UTOPOUV va HETAPEPBOUV
XWPLOTA o€ AAAa BakTAipla. ATTAIToUVTal TTEPAITEPW UEAETEG YA TNV KAAUTEPN KATAVONON
NG OX€0NG META&L SLAPOPETIKWY TTAPAYOVTWV Aolpoydvou dpdong (VFs) kat AMR o€ poplako
enimedo, kKaBW¢ ta meploodTEPA amopwvouueva otedéxn UPEC ekgpdlouv tautoxpova
mOAANA VFs kat mToAuavTtoxn.

Né€eic kAe1bia
y.____ ovpormaloyovo Escherichia coli, UPEC, avtyukpofioxi ovtoyi,
YoVIoia, A01L0yOVoD dpdong, AoIuwdn Tov OVPOTOINTIKOD GVGTHUOTOS
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Summary

Although Coagulase Negative Staphylococci (CoNS) have been considered for years as colon-
izers of the human body, it is now clear that they can cause serious infections, especially
among immunocompromised patients. Various genes express for pathogenic mechanisms,
including the icaA and icaD which enhance biofilm production, as well as genes than encode
for staphylococcal enterotoxins (sea, seb) and the toxic shock syndrome toxin (tst). The aim of
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this study was to detect and determine through PCR the presence and distribution of these
genes in CoNS strains isolated from clinical specimens. The results of the study showed that
icaA and icaD genes were present in 49% and 52% of CoNS strains respectively, while 36,5%
of the strains harbored the tst gene. No CoNS strains harbored the enterotoxin A and B genes.
The S. epidermidis strains harbored the icaA/D and tst genes more frequently than the remaining
CoNS species (statistically significant difference, p<0.001 and p=0.001, respectively).

Key words
y___.- Coagulase Negative Staphylococci (CoNS); virulence
genes, enterotoxins, the toxic shock syndrome toxin

Introduction

Coagulase-negative staphylococci (CoNS) constitute
a large part of the human skin and mucosa micro-
biome with more than 50 species comprising the
group so far.! Various species of CoNS are also com-
mon colonizers of the anterior nares, external ear
canal and upper respiratory and gastrointestinal
tract.2 Given the fact also that compared to Staphy-
lococcus aureus, CoNS are considered to be less viru-
lent, in the past, most of the times, their presence in
clinical samples was dismissed as contamination.?
However, recent demographic changes and continu-
ous medical advances have led to higher life expecta-
tion which is nevertheless coupled with various
comorbidities, increased numbers of immunocom-
promised patients and an ever-increasing use of ca-
theters and foreign devices. As a result, CONS have
emerged as opportunistic pathogens.* The most fre-
quently isolated CoNS species in clinical samples is
Staphylococcus epidermidis (>50% of CoNS isolates)
followed by Staphylococcus haemolyticus and Staphy-
lococcus hominis.?

The main risk factor for an infection caused by
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CoNS is the existence of a foreign medical device in
the human body. Therefore, foreign-body related in-
fections (FBRIs), either local or bloodstream related,
are the most common clinical entities associated with
CoNS,®> such as catheter-related bacteremias,5” and
prosthetic joint infections.® In addition, in late onset
neonatal sepsis (i.e., between 3 and 30 days of life),
CoNS are common pathogens, especially for infants
born at a lower gestational age.’

The most important virulence factor of CoNS is their
ability to produce biofilm."® This extracellular matrix
which encapsulates bacterial aggregates allows them
to evade the host’s immune system and protects them
against antibiotics.* The accumulation of biofilm in
CoNS is mainly mediated through Polysaccharide In-
tercellular Adhesin (PIA) whose synthesis relies on
enzymes encoded in icaA/D/B/C genes. Co-expression
of icaA and icaD genes has been found to significantly
increase the amount of biofilm produced."

Another major category of Staphylococcal viru-
lence factors are toxins, like the enterotoxins (e.g., SEA,
SEB, SEC etc., encoded by the sea/seb/sec genes) and
the Toxic shock syndrome toxin (TSST, encoded by the
tst gene). Although they have been mostly studied in
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S. aureus, the occasional ability of CoNS isolates to
produce these toxins has been proved in recent
years.'213

The objective of the present study was to detect
the presence and distribution of genes associated
with Staphylococcal virulence, more specifically icaA,
icaD, sea, seb, and tst, among CoNS strains isolated
from clinical samples of hospitalized patients.

Materials & Methods

All CoNS strains isolated from blood cultures and cul-
tures of i.v. catheters and/or implanted cardiac de-
vices of hospitalized patients at the Onassis Cardiac
Surgery Center in Athens, Greece during a three-
month period in 2022 were collected.

Genus and species identification was performed
using MALDI-TOF technology (MALDI Biotyper, Bruker
Daltonics, Bremen, Germany). The minimum acceptable
identification score value was set at 1.7. After identifi-
cation was complete, and if multiple isolates were
collected from a single patient, the first isolate per
species, per clinical source, per patient was included
in the study.

Antimicrobial susceptibility testing was performed
using the MIC Panel Type 33 for Gram-positive pa-
thogens (Microscan, Dade Behring). The antibiotics
tested and the respective MIC range (mg/L) were:
penicillin (0.12-8), cefoxitin screen (4), oxacillin (0.25-
2), ceftaroline (0.5-1), nitrofurantoin (32-64), gentami-

cin (1-8), tobramycin (1-8), amikacin (8-32), mupirocin
(256), chloramphenicol (8-16), erythromycin (0.5-4),
clindamycin (0.25-2), daptomycin (1-4), ciprofloxacin
(1-2), levofloxacin (1-4), moxifloxacin (0.5-1), norflox-
acin (4-8), fosfomycin (32-64), linezolid (1-4), pristi-
namycin (1-2), fusidic acid (2), minocycline (1-8),
tetracycline (1-8), vancomycin (0.25-16), teicoplanin
(1-16), quinupristin-dalfopristin (1-4), co-trimoxazole
(2/38-4/76) and rifampicin (0.5-2).

DNA extraction was performed from colonies har-
vested from a 24h culture on 5% sheep blood agar
plates (Bioprepare, Gerakas, Greece) using the Qiagen
QlAamp DNA mini kit (Qiagen, Hilden, Germany), ac-
cording to the manufacturer’s instructions.

PCR reactions were performed as single reactions
for the icaA and icaD genes and as multiplex reactions
for the seq, seb and tst genes, according to previously
published protocols.'*'® The primers used are de-
picted in Table 1. Each single PCR was carried out in a
total volume of 20 pl containing 10pl of GoTag® 2X
Colorless Master Mix (Promega Corporation, USA),
and 0.1 uM of forward and reverse primers. Amplifica-
tion was performed in a Bio-Rad iCycler Thermal
Cycler using an initial cycle at 95°C for 5 min, followed
by 35 cycles of denaturation at 94°C for 30 sec, anneal-
ing of the primers at 55°C for 30 sec and extension at
72°C for 30 sec, and a final step at 72°C for 5 min. The
multiplex PCR was carried out in a total volume of
25pl containing 12 ul of GoTaq® 2X Colorless Master
Mix, 0.1 uM of forward and reverse primer for sea and
tst genes, 0.2 uM of forward and reverse primer for

SE1I R The sequences of the primers used for PCR.

© . Product
ene rimer sequence size (bp) Reference
F: 5>-TCTCTTGCAGGAGCAATCAA-3
icaA 188 15
R: 5’-TCAGGCACTAACATCCAGCA-3’
F: 5’-ATGGTCAAGCCCAGACAGAG-3’
icaD 198 15
R: 5’-CGTGTTTTCAACATTTAATGCAA-3’
F: 5>-ATCGTAAGCCCTTTGTTG -3’
tst 578 16
R: 5’-GTGGATCCGTCATTCATTG-3’
F: 5’-CATTGCCCTAACGTTGAC -3°
sea 619 16
R: 5’-CGAAGGTTCTGTAGAAGTATGG -3°
F: 5>-CTAAACCAGATGAGTTGCAC-3’
seb 489 16
R: 5’-CCAAATAGTGACGAGTTAGG-3’
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seb. Amplification was performed in a Bio-Rad iCycler
Thermal Cycler using an initial cycle at 95°C for 15min,
followed by 35 cycles of denaturation at 94°C for 2
min, annealing of the primers at 51°C for 1 min, and
extension at 72°C for 1 min, and a final step at 72°C for
5 min.

All PCR products were visualized on a 2% agarose
gel under UV illumination and compared to a stan-
dard 100bp Ladder (Nippon Genetics, Europe).

Statistical evaluation was performed using x? and
significant difference was set at p<0.01.

Results and discussion

A total of 90 CoNS strains were included in the study
and were identified as follows: 63 S. epidermidis, nine
S. haemolyticus, eight S. hominis, four S. capitis, three
S. warneri, two S. pettenkoferi and one S. pasteuri. The
mean MALDI identification score value was higher
than 2 for every isolate.

A total of 69 isolates (evenly distributed among the
species) were resistant to antistaphylococcal penicil-
lins (MRCoNS), of which a number of strains were ad-
ditionally resistant to one or more of the four major
antibiotics for MRCoNS (vancomycin, teicoplanin, line-
zolid and daptomycin) as follows: resistance to teico-
planin was exhibited in 18 isolates (20%) comprising
14 S. epidermidis and four S. haemolyticus, whilst eight
S. epidermidis strains (8,8%) were resistant to linezolid,
four 4 S. epidermidis (4,4%) were resistant to vancomy-
cin and three S. epidermidis isolates (3,3%) were resis-
tant to daptomycin. All MSCoNS were susceptible to
these four antibiotics. Resistance patterns among S.
epidermidis and all other CoNS species are shown in
Table 2.

Our study showed that although methicillin resis-
tance was detected and evenly distributed among all
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CoNS species, resistance to the four above mentioned
antibiotics was more frequently detected among MR
S. epidermidis than other species of MRCoNS, although
this difference was not statistically significant.

The reported percentage of methicillin resistance
in 76% of the isolated CoNS strains confirms previously
published studies such as the one by Asante etal."” in
which 76.4% of the CoNS strains isolated from blood
stream infections were methicillin resistant, or the one
by Al-Tamimi et al.”® in which among CoNS strains iso-
lated from the nostrils of hospitalized patients 73%
were methicillin resistant. Methicillin resistance is
usually accomplished by the expression of mecA gene
which encodes for PBP2a with low affinity to penicillin
and other beta-lactams.™ As far as teicoplanin is con-
cerned, the reported resistance of CoNS strains varies
from 10.6% to 33% in different studies with our results
(20%) falling in between.?>?' However, the reported
percentages of resistance to the remaining antibiotics
(i.e. 4.4% for vancomycin, 3.3% for daptomycin and
8.8% for linezolid) are clearly higher than previously
published data which show less than 0,3% resistance
to vancomycin and daptomycin'@?° and 0.3-1.3% re-
sistance to linezolid."?? In addition, there are scarce
reports of CoNS strains with combined resistance to
those antibiotics as well. The main mechanisms
through which CoNS develop resistance to antibiotics
require mutations to genes encoding the target pro-
teins of each antibiotic category. For example, muta-
tions to genes such as mprF and rpoB which result in
changes in bacterial cell wall thickness, and mem-
brane fluidity and charge can lead to resistance to
daptomycin. Furthermore, mutations which modify
23S rRNA of the 50S ribosomal subunit prevent the
binding of linezolid rendering the strain resistant.”
Finally, acquisition of plasmid DNA which bears resis-
tance genes from other species such as VanA operon
can lead to altered peptidoglycan which cannot bind

E1 WA Antibiotic resistance patterns.

Resistance S. epidermidis Other CoNS

Tei 6 4
Lzd 1 0
Van + Tei 1 0
Tei + Lzd 4 0
Van + Tei + Lzd + Dap 3 0
None 48 23

Tei: teicoplanin, Lzd: linezolid, Van: vancomycin, Dap: daptomycin
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vancomycin.?

The genes icaA, icaD and tst were detected in
49.0%, 52.0% and 36.5% of the isolates respectively,
whilst the sea and seb genes were not detected in any
CoNS isolate. Interestingly, both the icaA/D genes and
the tst gene were found statistically significantly more
often among S. epidermidis strains than in other CoNS
species (p<0.001 for icaA/D genes, p=0.001 for tst
gene), as shown in Table 3. No correlation between
antibiotic resistance and the aforementioned genes
was found.

The reported percentages for the icaA, icaD and tst
genes (regardless of species) are in accordance with
previous studies which observed rates of 57-58% for
the icaA gene, 56-60% for the icaD and 31.4% for the
tst gene in CoNS isolates.?*2¢ More specifically, in the
study by Ahmed et al. 58% of CoNS isolated from

nasal colonization of neonates in the ICU were posi-
tive for the icaA gene and 60% for the icaD gene.?* Ac-
cordingly, in a study by Hosbul et al. in CoNS isolated
from blood cultures, icaA and icaD were detected in
5.1% and 56.1% of the strains respectively.> As far as
the toxin producing genes are concerned, Wierz-
chowska et al. found that 31.4% of CoNS isolated from
ready-to-eat food were positive for the tst gene whilst
no isolate bearing the sea or seb genes was detected.?

Nevertheless, a statistically significant difference in
the frequency of those genes between CoNS species,
such as the one reported here, has not been described
before and in that respect more studies are needed in
order to ascertain whether this observation is the re-
sult of the prevailing local flora of the hospital, or it
can be further extrapolated to characterize the CoNS
species.

§ P10 CRI Number of isolates bearing each gene in S. epidermidis or other CoNS species.

Species No of | icaA icaA icaD icaD tst tst sea sea seb seb
isolates | (+) ) ) ) G I O I I RO ) )

S. epidermidis 63 43 20 44 19 30 33 0 63 0 63
Other CoNS species 27 1 26 3 24 3 24 0 27 0 27
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*YmevBuvoc aAAndoypagpiac

Av Kal ol KoayKouAdon-apvnTikoi otagulokokkol (Coagulase Negative Staphylococci, CONS)
BewpolvTal edw Kal XPOVIa W ATOIKIOTEG TOU AVOPWTIVOU CWHATOC, Eival TTAEOV CAPEC OTL
UTTOPOUV va TIPOKAAEGOLV C0OoPBapEC AOIUWEELC, I0IKA 0€ AVOOOKATECTAAUEVOUC a0OEVEiC.
Adgpopa yovidia oxetiCovtal pe maboydvoug PnXaviopous, CUUTEPIAAUBAVOUEVWY TwV icaA
Kat icaD, mou evioxuouv tnv mapaywyn Blopeufpdavng kabwg kat yovidia mou KwdiKomolouv
Y10 TIG OTAPUAOKOKKIKEG EVTEPOTOEIVEG (sea, seb) kal Tnv Toéivn Tou cuvdpduoU Tou TOEIKOU
OOK (tst). O 0TOXOC AUTAG TNG MEAETNG RTAV VA avIXVEVOEL Kal va mpoodlopioel péow PCR tnv
TTapoucia Kat Katavour autwy Twv yovidiwv og oteAéxn CoNS mou amopovwOnkav amod KAL-
VIKa Seiypata. Ta amote éopata TNG HEAETNG €belav 6Tl Ta yovidla icaA kal icaD unrpxav
070 49% Kal 52% twv otedexwv CoNS avtioTtolxa, evw To 36,5% TwV OTEAEXWV EPEPAV TO
122 yovidio tst. Kavéva otéexog CoNS dev £pepe Ta yovidia Tng eviepotodivng A kat B. Ta ote-
Aéxn S. epidermidis épepav ta yovidia icaA/D kau tst o ouxvd anod ta unodotra €idn CoNS
(oTatioTika onuavtikn dtagopd, p<0,001 kat p=0,001, avtioTtoixa).

Né€eic kAaibia
y__q__ KoOyKovAdon-opviTiKol oTapviokokkol koaykovldons (CoNS), yovidia
Joyoyovov dpdorng, eviepotoliveg, Tolivi) Tov GuvopoLov T01K0D 60K
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Summary

Conventional microbiological methods for bacterial enteric disease diagnosis are time-con-
suming, labour intensive and provide low sensitivity. The aim of this study was to evaluate the
results of a new diagnosis strategy which replaces traditional stool culture with a molecular
detection using the BD MAX™ System (BD Life Sciences, Sparks, Maryland, United States) as
first-line assay together with reflective culture. A total of 1.590 specimens were prospectively
requested for stool culture. The molecular detection included the BD MAX enteric bacterial
panel together with the BD MAX extended enteric bacterial panel (BDM GIP) performed simul-
taneously on the same stool specimen. In 18.8% of specimens (176 of the 936 valid samples)
there was one or more than one target positive with the following percent positivity: 9.7%
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Campylobacter spp., 5.7% Salmonella spp., 1.3% Shiga toxin genes (stx1/stx2), 1.2% Shigella
spp./enteroinvasive Escherichia coli (EIEC), 1% Yersinia enterocolitica, 1% Vibrio spp. (V. vulnificus/V.
parahaemolyticus/V. cholerae), 0.3% Plesiomonas shigelloides, and 0.2% Enterotoxigenic E. coli
(ETEC) enterotoxin LT/ST genes. Positive reflective stool culture noted a correlation of 69.5%
with the molecular test, missing 23.9% and 15.4% in the cases of Campylobacter spp., and Sal-
monella spp., respectively. In conclusion, this clinical study demonstrated very good performance
of the BDM GIP. The performance and ease of use may provide advantages to many laboratories,
improving the detection of bacterial stool pathogens and time to reporting results.

. Key words
y__. y

bacterial gastroenteritis, molecular detection, BD MAX™ System

Introduction

Although diarrhoea deaths per year are higher in low
income populations, acute infectious gastroenteritis
accounts for substantial morbidity, mortality, and cost
also in high-income regions.! Etiologies of infectious
diarrhoea vary and could be bacterial, viral, or para-
sitic. Bacterial etiology is the second more prevalent
after viral, with Campylobacter spp. and Salmonella
spp. being the leading causes of enteritis in devel-
oped countries followed by infections with Aero-
monas spp., Yersinia spp., and Shiga toxin-producing
Escherichia coli (STEC).2

The identification of diarrhoeagenic pathogens is
important for both the further treatment of patients
and public health reports.> Diagnosing bacterial en-
teric disease is particularly problematic as stool cul-
ture remains the gold standard despite being a
moderately sensitive, time-consuming and labour-in-
tensive method.* Commensal microorganisms pres-
ent in stool may hinder the isolation of possible
pathogens, particularly when the pathogens are shed
in small amount? and some studies have shown a dia-
gnostic yield of stool culture as low as 1.5%.°

The BD MAX™ System (BD Life Sciences, Sparks,
Maryland, United States) is a fully automated device
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with a turnaround time of approximately 3 h for up to
24 samples at once with less than five minutes of
hands-on time preparation per specimen.® In 2014,
the BD MAX enteric bacterial panel (EBP) assay for the
detection of Salmonella spp., Shigella spp./enteroin-
vasive E. coli (EIEC), Campylobacter spp., and Shiga
toxin genes was U.S. FDA cleared, European CE
marked, and Health Canada IVD approved.* As this
panel did not cover the full spectrum of enteric bac-
terial pathogens, the BD MAX extended enteric bac-
terial panel (EEBP) assay was launched to be used in
conjunction with the BD MAX EBP assay as an optional
master mix addition to detect Yersinia enterocolitica,
entero-toxigenic Escherichia coli (ETEC), Vibrio spp.,
and Plesiomonas shigelloides simultaneously.’”

Many reports demonstrate the higher sensitivity of
BD MAX EBP assay*®'" or a good correlation of the
EEBP assay’ compared to traditional culture. Molecular
panels are also more likely to detect coinfections.* La-
boratories have demonstrated significant reductions
in turnaround time with the use of molecular as-
says.'>'3 Thus, the BD MAX EBP assay can save techni-
cal effort and improve the time of results reporting.®
However, a few limitations of the BD MAX should be
also considered. Since these tests are based on the
detection of specific genetic targets, they are unable



to detect pathogens for which a target is missing.
Even though the EEBP assay widens the bacterial spec-
tra detected, an important enteric bacterial pathogen
such as Aeromonas spp. is not included.™ Another crit-
icism of molecular tests is that they diagnose without
strain isolation necessary for determining susceptibil-
ity to antimicrobial agents and for epidemiological
analyses in an outbreak situation. Anderson and col-
leagues suggested that subsequent culture of all pos-
itive stools could remedy this.®

In order to gain the speed and sensitivity of auto-
mated molecular tests, without losing strain isolation
for antimicrobial susceptibility testing (AST) and epi-
demiological purposes, our clinical laboratory imple-
mented a new algorithm which replaces traditional
stool culture with a molecular detection as first-line
assay followed by the reflective stool culture. We
chose the BD MAX system due to its targeted ap-
proach as multiplex assays that report bacterial, viral,
and parasitic targets simultaneously may generate re-
sults that are not requested by clinicians and create
complexities in reporting as well as in interpretation.'®
Thus, the aim of this study was to evaluate the results
of this new microbiological diagnosis strategy.

Material and methods

A total of 1590 specimens were prospectively re-
quested for stool culture at the General University
Hospital Reina Sofia (Murcia, Spain) from January to
July 2022. Stool samples were transported to the la-
boratory unpreserved in a clean container and stored
at 2-8°C until their processing. They were evaluated
first, according to a laboratory protocol in place, fol-
lowing Spanish Society of Microbiology guidelines,'®
while unformed stool samples were processed, first
by molecular methods according to our algorithm.

BD MAX assay
Stools from patients were systematically tested in the
BD MAX system between 10 to 17 h from their receipt
at the laboratory for the presence of bacteria using
both BD MAX Gastrointestinal panels (BDM GIP) in
conjunction as a first-line assay for diagnosis.

The samples were tested on the BD MAX System
using the BDM GIP according to manufacturer's in-
structions.

Directed stool culture based on the molecular test
(reflective culture)

The stool specimens were inoculated on different cul-
ture media depending on the bacterial target de-
tected by the molecular test. The inoculation took
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place between 13 to 20 h from their receipt at the la-
boratory and the samples had been stored at 2-8°C
until that moment.

Salmonella-Shigella agar (bioMérieux, Marcy-
I'Etoile, France) was sowed for the isolation of Salmo-
nella spp. and incubated at 37°C at least for 24 h. The
specimens were also incubated in a selenite broth
(Becton Dickinson, Heidelberg, Germany) for 24 hand
then the incubated suspension was inoculated on a
Salmonella-Shigella agar and incubated at 37°C for at
least 24 h.

A Campylobacter selective agar (bioMérieux) was
used for the isolation of Campylobacter spp. and was
incubated in a microaerophilic genbag (bioMérieux)
at 42°C.for 48 h.

For isolation of Yersinia spp., stool specimen was in-
oculated on Yersinia agar (bioMérieux) and incubated
for 48 h at 30°C.

Specimens positive for Shigella spp./EIEC and Shiga
toxin genes were inoculated on Salmonella-Shigella
agar and MacConkey agar (bioMérieux), and incu-
bated up to 48 h at 37°C.

ETEC enterotoxin genes and Plesiomonas shigel-
loides positive specimens were inoculated on Mac-
Conkey agar and incubated up to 48 h at 37°C.

For isolation of Vibrio spp., stool specimen was in-
oculated on blood agar (bioMérieux) and incubated
for 48 h at 37°C.

Bacterial identification

Suspected colonies were verified by MALDI-TOF MS
(Vitek® MS, bioMérieux). Furthermore, in case of Sal-
monella isolates, serological testing was conducted
with specific antisera (Becton Dickinson, Heidelberg,
Germany). When Shigella spp./EIEC target was de-
tected, the suspected colonies grown on the culture
plate were checked by the use of the VITEK®2 Micro-
bial GN ID testing system (bioMérieux), because reli-
able differentiation of Shigella spp. and E. coli by
MALDI-TOF MS has not been confirmed."”

Statistical analysis

The results of the BD MAX GIP assay and the reflective
stool culture were compared to the percentage of
positive samples detected by both assays. Demo-
graphic statistics were performed with the IBM SPSS
version 29.0.0.0. (241).

Results
Demographic data
A total of 1590 specimens were received at the micro-

biology laboratory for bacterial gastroenteritis dia-
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gnosis during the study period. All specimens were
collected prospectively. The patients’ mean age was
41.4 years (standard deviation, 29.29 years) with a
minimum of 14 days and a maximum of 97 years. Ap-
proximately 25% of specimens were from children <
12 years of age. A total of 55.1% (876/1590) of spe-
cimens belonged to women. Regarding sample
origin, stool specimens were collected at the primary
care department (1092/1590, 68.6%), from hospita-
lised patients (254/1590, 16%) and at the emergency
room department (207/1590, 13%).

In 2021, in our setting, we performed a total of 2459
traditional stool cultures and found a diagnostic yield
of stool culture of 9.1% (224/2459) (data not shown).

Specimens included in the analysis

A total of 619 (39%) specimens were unacceptable
and not analysed by BD MAX System due to high con-
sistency. The BDM GIP did not deliver a valid result in
10 (0.6%) cases due to unresolved or inhibitory sam-
ple or reagent failure. No technical errors of the BD
MAX System were recorded. In 8 out of these 10 spe-
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cimens, in which there was enough sample left, tradi-
tional stool culture was performed for diagnosis, with
a no pathogenic bacteria detected result in all cases.
In 25 (1.6%) specimens received at the laboratory dur-
ing the study period, the BD MAX molecular tests
could not be performed in 24 cases due to a stock fai-
lure and in one case of a hospitalised patient, a differ-
ent molecular assay was used. So, a total of 936
(58.9%) specimens were included in the statistical
analysis (Fig. 1).

Performance of the BD MAX assay

Of 936 specimens, in 1.3%) cases the internal control
did not amplify but one of the tested targets did so
and it was accepted as a positive result. In 40 cases
(4.3%) the EEBP assay failed and only the EBP assay
was completed, leading to four negative results. In
720 cases (76.9%) the 8 samples yielded negative re-
sults. In 176 specimens (18.8%) one or more than one
pathogens were found as follows: 168 stool samples
showed one positive target, 10 specimens showed
two positive targets and only 1 stool sample showed

/ 1590 stool specimens received \
971 (61%) unfurrn;d stool samples 619 (39%) specimens unacceptable due to high
processed consistency
946 (59.5%) stool samples processed by [ 25 (1.6%) specimens performed by
\ BD MAX different molecular a: /

_—-—-—-_\_

£ l

(936 (58.9%) stool samples included in the statistical analysis |

/

3(0.3%) 40 (4.3%)

internal control EEBP assay failed
did not amplify but and only the EBP
one of the tested assay was

targets did so completed

A

[ 10(0.6%) specimens showed invalid result

10 specimens showed two positive targets

168 stool samples showed one positive target
1 stool sample showed three positive targets

Figure 1 Flow diagram of the study process with the main results.
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three positive targets (Campylobacter spp., Plesio-
monas shigelloides and Vibrio spp.). Thus, a total of 191
positive targets, from 176 stool specimens, were
recorded during the study period (Fig. 1). Based on
the molecular method, the global percent positivity
rate was 20.4% (191/936) with the following distribu-
tion: 9.7% Campylobacter spp., 5.7% Salmonella spp.,
1.3% Shiga toxin genes,1.2% Shigella spp./EIEC, 1%
Yersinia enterocolitica, 1% Vibrio spp., 0.3% Plesio-
monas shigelloides, and 0.2% ETEC enterotoxin LT/ST
genes (Table 1).

In those 10 specimens which showed two positive
targets, Campylobacter spp. was detected in all cases,
together with Salmonella spp. in four specimens, Shi-
gella spp./EIEC in three cases, and, in one case each,
Shiga toxin genes, ETEC enterotoxin LT/ST genes and
Vibrio spp. Thus, Yersinia enterocolitica was never
found in combination with any other pathogen.

In 5 of the 11 cases of Shigella spp./EIEC positive
targets, preserved specimens in Cary-Blair transport
medium (FecalSwabTM, Copan Group, Brescia, Italy),
were sent to the reference national laboratory (Insti-
tuto de Salud Carlos Ill: National Centre for Microbiol-
ogy, Majadahonda, Spain) where diarrheagenic Esch-
erichia coli strains were detected by conventional PCR.
In four cases, genes codifying invasive proteins of en-
teroinvasive E. coli (ipaH) were found, and, in one case,
the gene codifying the virulence plasmid of enter-
oaggregative E. coli, was found (CVD432).

BACTERIAL GASTROENTERITIS MOLECULAR DIAGNOSIS

Comparison to subsequent directed stool culture
Of 176 specimens which yielded a positive result by
the molecular test, 12 stool samples were not cultured
as there was not enough specimen.

Of the 191 positive targets, 14 cases were not com-
pared to culture as a toxin gene was detected (12
Shiga toxin genes and 2 enterotoxin LT/ST genes); in
4 out of the 12 stool samples that could not be cul-
tured, one of these toxin genes was detected. Thus, a
total of 177 positive targets detected were subject of
the comparative analysis with the directed stool cul-
ture results. Positive stool culture showed no dis-
agreement with the molecular test in 123 targets
detected, noting a correlation of 69.5%. So, there was
no isolation of pathogenic bacteria in the directed
stool culture of the remaining 46 (26%) positive tar-
gets detected by the molecular method (Fig. 1). In the
case of Plesiomonas shigelloides and Vibrio spp., none
of the molecular targets detected by the molecular
method were recovered in culture in all cases in which
the stool specimen was available. In case of Yersinia
enterocolitica, the reflective stool culture failed to re-
cover 4 out of 10 positive targets detected during the
study period. In the case of Shigella spp./EIEC target,
the reflective stool culture did not isolate any of those
two bacteria in 3 out of 9 specimens that could be cul-
tured. Regarding the most prevalent pathogenic en-
teric bacteria, Salmonella spp. could not be recovered
on the stool culture in 8 of the 52 (15.4%) cases con-

JEIUCR B Targets detected using BD MAX enteric bacterial and extended enteric bacterial assays.

Target Number of positive Percentage of positive
target detections (n=191) specimens (n=936)

Campylobacter (jejuni /coli) 91 (47.6%) 9.7%
Salmonella spp. 53 (27.7%) 5.7%
Shiga toxin genes (stx1/stx2) 12 (6.3%) 1.3%
Shigell A

1ge:a spp 11 (5.8%) 1.2%
enteroinvasive E. coli (EIEC)
Yersinia enterocolitica 10 (5.2%) 1.0%
Vibrio spp. (V. vulnificus/ 9 (4.7%) 1L.0%
V. parahaemolyticus/V. cholerae)
Plesiomonas shigelloides 3 (1.6%) 0.3%
Enterotox.igenic E. coli (ETEC) 2 (1.0%) 0.2%
enterotoxin LT/ST genes
Total 191 (100 %) 20.4%
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3%
Campylobacter spp. 74% (n=67) 23 % (n=21) (n=3)
2%
Salmonella spp. 83 % (n=44) 15% (n=8) (n=1)
Shigella spp./EIEC 55 % (n=6) 27 % (n=3) 18 % (n=2)
Yersinia enterocolitica 60 % (n=6) 40 % (n=4)
Vibrio spp. 78 % (n=7) 22 % (n=2)
Plesiomonas shigelloides 100 % (n=3)
0% 25% 50% 75% 100%
M Positive culture/BD Max positive m Negative culture/BD Max positive Not performed culture
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sidered. In case of Campylobacter spp., stool culture
was possible in 88 of the positive targets, without iso-
lation in 21 (21/88, 23.9%) cases. Correlation between
molecular test and reflective stool culture for each tar-
getis shown in Fig. 2. The percent positivity rate of en-
teric bacterial pathogens found by the BD MAX
system was 20.4% (191/936) (Table 1) while according
to culture it was 13.1% (123/936).

In the 8 cases in which Salmonella spp. was not iso-
lated by the reflective stool culture, the cycle thres-
hold (Ct) in the BD MAX System was higher than 30,
with a mean of 34.9 (range: 30.9-37.9). Out of the 21
cases in which Campylobacter spp. was not recovered
on the reflective stool culture, the Ct in the BD MAX
System was higher than 30 in only 5 cases with a
mean of 33.4 (range: 30.1-37.5).

Discussion

To our knowledge, this is the first prospective clinical
study which assays both BD MAX bacterial panels si-
multaneously and compares the results with the re-
flective culture.

In the study of Knabl and colleagues, the number
of cases in which the analysis with the BD MAX EBP
assay did not give a valid result initially was higher
than ours (8% and 0.6% respectively).’ They described

that failures of the molecular test appeared more
often in stool with a higher consistency than in soft or
liquid stool specimens. So, our lower percentage
could be due to our selection of unformed stool sam-
ples. A failure in the testing of 0.6% from a number of
1557 stool specimens that were tested by the Film-
Array® Gastrointestinal Panel was reported,’® and this
finding is in more accordance with our results. Ho-
wever, we found a percentage of 4.3 of specimens in
which the EEBP assay yielded an invalid result due to
inappropriate sample or reagent failure. No invalid re-
sults are described in the multisite evaluation of the
EEBP assay.” Further studies should evaluate the
higher percentage of invalid results with the EEBP
assay compared to the EBP assay when they are per-
formed at the same time.

The stratification based on the patients’ age and
the origin of the specimens is highly similar to that re-
cently described in another prospective study in our
country."

While assessing the targeted techniques, the cur-
rent study also evaluated the bacterial pathogens
causing acute gastroenteritis in our population; the
findings revealed that almost half of the cases were
attributed to Campylobacter spp. (47.6%) and a
quarter (27.7%) to Salmonella spp. This was followed
by Shiga toxin genes (6.3%), Shigella/EIEC (5.8%), Yer-
sinia enterocolitica (5.2%), Vibrio spp. (4.7%), P. shigel-

Figure 2 Correlation between BD MAX detection and stool culture result for each target based on the number of

positive targets subject of the comparative analysis.
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loides (1.6%) and ETEC toxin genes (1%). Our findings
are in agreement with those published by Koo and
colleagues regarding the Singaporean population,
the prevalence of co-infections by two organisms
(1.0%) and also their majority of single-pathogen pos-
itive samples."

The correlation rate between the BD MAX and the
subsequent stool culture reached 69.5%. The BD MAX
had a higher overall detection rate (20.4%) compared
to the use of bacterial culture alone (13.1%). Our find-
ings show that the use of the culture method alone
would miss 46 (26%) out of 177 positive targets, in-
cluding Campylobacter (n=21), Salmonella (n=8), Shi-
gella/EIEC (n=3), Yersinia enterocolitica (n=4), Vibrio
spp. (n=7) and Plesiomonas shigelloides (n=3). This
could possibly be due to non-viable organisms or low
copy numbers present on the stool specimens that
failed to grow on culture.

Regarding Campylobacter spp., Gueduet and col-
leagues suggested that a BD MAX positive result for
Campylobacter with Ct >30 should have a special
comment until the stool culture was available as it
could represent a false negative. However, we only
had 5 of the 21 disagreements between BD MAX pos-
itive and culture negative for Campylobacter whose Ct
was above 30. Buchan and colleagues also reported
that 7/13 (53.4%) specimens positive for Campylo-
bacter spp. by the Pro-Gastro SSCS PCR and negative
by culture were not confirmed by an alternate PCR
method.?' Buss and colleagues noted 5/24 (21%) sam-
ples false positive for Campylobacter by FilmArray®
Gastrointestinal panel that were not confirmed by al-
ternate PCR, and Coste and colleagues reported con-
firming 9/15 (60%) false-positive results by using an
alternate PCR and EIA methods.'82?

Only 15.4% of the positive targets for Salmonella
spp., were not recovered by the reflective stool cul-
ture. A possible explanation for these results is the
greater sensitivity of the detection of Salmonella spp.
by stool culture compared to other enteric pathogens,
because of the enrichment in selenite broth.’23 All
the 8 positive targets, which were not recovered on
culture, showed Cts>30.

Our prevalence of diarrhoeagenic Escherichia coliis
in accordance with previous findings.”?* When a mi-
croorganism is in low numbers in stool specimens,
storage conditions may dilute the target below the
limit of detection for stool culture.* This fact con-
nected to the results observed in the reference labo-
ratory where none of the 5 stool specimens which
were sent recovered E. coli on culture and only the
characterisation of diarrheagenic Escherichia coli
strains by conventional PCR was performed.

In the systematic review and meta-analysis con-
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ducted by Riahi and colleagues, the pooled prev-
alence of Y.enterocolitica in cases of gastroenteritis
was estimated as 1.97% (1.32-2.74%) in the culture
method and 2.41% (1.07-4.22%) in the molecular
method which is in agreement with our culture and
molecular results.?

Stool culture in addition to the molecular method
has been suggested as a solution by some authors in
cases that Aeromonas spp. possibility needs to be ex-
cluded."

Economical parameters of a molecular assay imple-
mentation have not been calculated in this study. Ho-
wever, it should be noted that the economical
beneficial effects come from the reduced workload,
savings in time-consuming isolation procedures and
the increased diagnosis of defined pathogens which
should be notified.

To our knowledge, no data on implementation of
this assay in a routine workflow is available by now.
However, we acknowledge some of the study’s limi-
tations, such as the fact that we do not display the re-
sults for solving discrepancies between the molecular
method and culture, as future studies should be con-
ducted to demonstrate which actions are more effi-
cient and cost-effective.

Also, this is a single-site study. Additionally, a cor-
rect molecular diagnosis was assumed, but formally,
we could not settle the percentage of probable false
positives with the BD MAX system as we have not
used a reference method.

In summary, this clinical study demonstrated a very
good performance of the BDM GIP assay. Many labo-
ratories might take advantage of this strategy improv-
ing the detection of bacterial enteritis pathogens as
well as the reporting time, and enhancing the spec-
trum of epidemiological studies.
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Ot oupPaTtikég pikpoPiloloyikég pébodol yia tn Sidyvwon tng BAKTNPIAKAG YAOTPEVTEPITIONS
gival xpovoPodpeg, KOMWOELG Kal TTAPEXOLV XAUNAR evaloBnaoia. O 0TéX0G AUTAE TNG MEAETNG
ATav va a&loAoyroEl T AmOTEAECUATA JIAC VEAC OTPATNYIKAC S1Ayvwong Tou avtikabloTtd
TNV KAAGCIKA KAANIEPYELQ KOTIPAVWVY HE HOPIAKH AVIXVELON XPNOIKMOTIOIWVTAG TO CUOTNUA
BD MAX™ (BD Life Sciences, Sparks, Maryland, United States) w¢ peBodoMoyia mpwtng ypau-
MNC padi pe TNV KaAAEpyela. ZuVoAikd 1.590 deiypata Kompdvwy HEAETHONKAV yia PE KAA-
Aépyela. H poplakn avixveuon mepteAapfave 1o eviepikd Baktnplakd mavel BD MAX padi
ME TO EKTETAUEVO EVTEPLIKO Baktnplakd maveh BD MAX (BDM GIP) mou €ytve Tautdxpova oTo
i610 Seiypa kompdvwv. 210 18,8% Twv Setydtwy (176/936) avixveuBnke évag r TePIOCOTEPOL
amno évav otéxol BeTikoi pe TNV akdAouBbn mocooTiaia BetikotNTa: 9,7% Campylobacter spp.,
5,7% Salmonella spp., 1,3% yovidla Shiga toxin (stx1/stx2), 1,2% Shigella spp./evtepodielo-
Sutikn Escherichia coli (EIEC), 1% Yersinia enterocolitica, 1% Vibrio spp. (V. vulnificus/V. para-
haemolyticus/V. cholerae), 0,3% Plesiomonas shigelloides xai 0,2% yovidia evtepotoivng E.
coli (ECET) LT/ST. H kaANiépyela KOTIPAVWY €dwOE CUUPWVIA ATOTEAECUATWY O€ 69,5% Twv
OEIYUATWY PE TO HOPLAKO TEDT, UE ApVNTIKO ammoTéAeETHa o€ 23,9% Kal 15,4% Twv TEPIMTW-
ogwv Campylobacter spp. kai Salmonella spp., avtioTolxa. ZUUTEPACHATIKA, N KAIVIKF HEAETN
€de1€e koA anmodoon tou BDM GIP. H amddoon kat n eukoAia Xpriong MImopEi va mpoopépouv
TAEOVEKTAMATA O€ TTOANA £pyacTripla, BEATILOVOVTAG TNV avixveuon BakTnplakwy maboyo-
vwv o€ Seiypata KOmpavwy Kal HELWVOVTAG TO XPOVO ava@opdc TwV AMOTEAECUATWV.

Né€eic kAeibia

y_____ PoxTnpioxi) yaotpeviepitida, [opioxn aviyvevor,

BD MAX™ System
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EpEuVnTLRN EpYOTLO

AloAdynon tn¢ diayvwoTtiKAG anddoong opoAoylKwv HeBodwv
Staloyn¢ o€ alpodoTiko MAnBuoud. Avadpouikn peAéTn (2018-2022)
Tou OpoAoyikoU Epyactnpiov touv Kévtpou Aipatog AXEMNMA

I

May8ainvn Namné, Bacihiky MmakaAovdn, MapBéva Aalapidou, Anuntpng Mowkag,

Maoyahid MouvAovdn, Nwpyog NikoAdidng, Aikatepivn Mmoukoufdla, Xpiotiva AvdpikomouAov,
YouAtava NikoAdidou, HAdva Mévtotov, XapikAeia Nagiln, Mapia Xat{nkupkou

Epyaotipio SvykevtpwtikoU OpoloyikoU EAEyxou, Kévtpo Ajuatoc M1..N.©. AXETIA

137
\-7; ~ Mepidnyn

O1 avooodlayvwoTikEC eEETATELS, TTOU £@appOlovTal yia ToV EAEYXO TOU aipaTog, oav Bactkn
apxn MPETEL va €xouv TNV ApLoTn evalodnaoia, WOTE va UmoPOoUV va avixvelouv GAOUG TOUG al-
podOTEC oL €ival TTpayUaATIKA BeTIKol 08 éva HOAUCUATIKO TTapAyovTa- Aauavovtag umoyn
Kal Ta emineda emmoAacuou Aolpwdwy vOowV 0TnV KovOTNTA TwV alodoTwy, Kal EMITAEOV va
€xouV AploTn €I6IKOTNTA OUTWC WOTE VA NV AmToKAEiovTalL TTOANOI alpoSOTEC, av €XoUE PeudWC
BeTIKA amoteAéopaTa. ZKOTOC TNG MEAETNG €ival n avAAuon Tou opoBEeTIKOU eMITTOAACHOU TWV
METASIOOUEVWY HE TN HETAYYION VOONUATWY Katd TNV mepiodo 2018-2022 kat n emairiBevon
NG E0IKOTNTAC Kal TNG aKpifelag Twv eBodwv Slahoyri Katomv cUYKPIONG TWV ATOTEAECUATWV
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M. TAME, B. MAKAAOYAH, M. AAZAPIAQY, A. MIZQKAZ, M. MOYAIOYAH, T. NIKOAAIAHZ, AIK. MMOYKOYBAAA, X. ANAPIKOMOYAQY,
3. NIKOAAIAQY, H. MENTZIOY, X. MADIAH, M. XATZHKYPKOY

pe empPePaiwTikég dokipaoiec. Katd ta €tn 2018-2022 ehéyxOnkav ouvoAikd 875055 povadeg
aipatog oto Epyaotrplo Zuykevipwtikol Opoloyikol EAéyxou (EXOE) tou Kévtpou Aipatog
AXENA. O akyopiBuoc nepieAdupave Tnv epapuoyn HeBOdwv Slaloyng yla Tov EAeyXo TnG oL @L-
Ang, Tng nmatitidag B kat C, twv wv HIV kat HTLV I/1l. Tia 6ca deiypata kataypdgnke emavalap-
Bavopevo avtidpwv amotéAeopa pe Tn SoKipacia SIaAOYRE TPAYUATOTTOINONKE TTEPAITEPW EAEY-
X0G pe emPBePaiwTikég Sokipaoiec. Ta dedopéva pag KatadelkvOouv Tov XaUnAO EMIMOAACUO
TWV LETAOIOOUEVWY UE TN HETAYYLION VOooNUATWwY oToV alodoTikd mAnBuoud. Katd cuvénela, n
BeTikr MpoyvwoTikA aia Atav XaunAn, Ke amoTEAECHA TOV ATTOKAEIOUO KATIOIWV N MOAUCHATI-
KWV UToPn@lwv alpodoTwy, Kal Ta amoTEAECUATA pag Sev umopouv va anodoBolv o€ KaKn
amédoon Twv opoloylkwv dokipaciwy diahoync. H e1d1IkoTnTa yia 10 6UVOAO TwV €EETACEWY
ATAV CUUPWVN PE TIC TTPOOOOKIEC pag Kal ion 1 KaAUTEPN PE TN SNAwBEica 0Ta ECWKAEICTA TWV
avtidpaotnpiwv. H xprion tou empBefaiwtikol akyoplBuou mpooépepe MOAUTIUN BorOsla otn

Slayeiplon Kat TNV evnUEPWON TwWV AlLOSOTWV.

Né€eic kAeibia
y___.- apodoTes, akyopifuog, dloyvworiki oxpifeio,
EI0IKOTNTOL
Eicaywyn

H ekmaidevon Twv éBeAovTwV AlHoSOTWV Kal N GUVETH
€MAOYN TOUG, Ol TEXVOAoyiec adpavormoinong Twv ma-
Boyovwy Kal PUOIKA O ATTOTEAECHATIKOC EAEYXOC Yla
poAuopatikoUg Oeikteg ival Baoikd otolxeia g
OTPATNYIKAG YIa TNV A0@AAELa TOV aipaTtog.'23

Eival onuavtiké va Aappdvovtat akpifr amoteé-
opata yla KatdAnAoug SeikTeC LOAUCUATIKWY TTaPa-
YOVTIWY, Tou urmopouv va petadoBbouv and mpoiovta
aipatog, TpoKelpévou va S1ac@alloTel N uyEia Twv An-
Twv.A4

H em\oyr| adelodotnuévwy, KATAANNAWY Kal emi-
Kupwpévwy peBodwv Sialoync kat empPePaiwong Ba
TIPEMEL va MANpoi Ta loyvovta eBvikd mpdtuma. Ot al-
yop1Buol dtahoyrc Ba mpémel va oxedidlovtal A\apd-
vovTtag umoyn ta emdnpoAoyikd Sedopéva Tou eley-
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YnevOuvocg aAAnAoypagiag

Mayoainvij Hamé

Epyactijpio Lvykevipwrtinov Opoioyikot Eiéyyov,
Kévrpo Aiparog, ILIN.O. AXEIIA

Kvpraxion 1, 546 36, Ocoealoviky

Tniépwvo: 2313303298,

email: magdalinipape@gmail.com

XOpEVou alpodoTikou MAnBucpoy, Kabwe autd enn-
pedlouv TN MPO-SOKIHAOTIKA MOaAvOTNTA EVOC aKPL-
Bouc amoteAéopatog kal TV amodoon Twv SoKiua-
olwv.57

Ot nuéBodot diahoyng Ba mpémel va €xouv LPNAN EL-
SIKOTNTA, Yla va amo@eLyeTal N adIKaloAOynTn anwAela
TIPOIOVTWV A{HATOC AOYW HN EISIKNAC avTIOpAoTIKOTNTAC.
SUUTANPWUATIKEC SOKIHAGTIEC umopouv emimpdobeta
Va TIPAYHATOTTOINBOVY, TIPOKEMEVOU VA EYIOTOTTOLETAL
N AIMTOTEAEGUATIKOTNTA TWV CUVOUACUEVWY AVOANUCEWV.
Autéc Ba mpémel va €xouv Tapodpola eualodnaoia Kal
EIOIKOTNTA E TIG SOKIUATIEG TTPOCUUMTWHATIKOU ENEY-
XOU Kal va XPNOIUoTTololV SlagopEeTIKOUG 0TOXOUG
avixveuong.8o10

Anodooiec mou gpgavifouv emaveINnuuUéVa avTi-
Spwv amotéAeopa o€ omoladnmote e€€taon SlaAoyng,
nipémnel va urtodAhovTal o€ emPePalwTikr SoKipaoia,



AZIONOTHXZH THX AIATNQXTIKHZ ATIOAOXHX OPOAOTIKQON MEOOAQN AIAAOTHX XE AIMOAOTIKO NAHOYXZMO.
ANAAPOMIKH MEAETH (2018-2022) TOY OPOAOTIKOY EPTAXTHPIOY TOY KENTPOY AIMATOX AXENA

TIPOKEIUEVOU VA TTPOOSIOPIOTEL N TPAYUATIKY KATA-
otaon tou alpgodoétn. 12

ZuvioTdtal n avantuén alyoplBuwv oe BvikS emi-
1ed0, TTOU VA EMTPEMOUV TNV KATAAANAN KAl CUVETTH
€peuva Kal EMAuVoN TNG avTidPAoTIKOTNTAG OTIG SOKI-
paoiec Stahoync. Xe TEPIMTWOELC EMPBERaAlwWUEVWY Be-
TIKWV ATTOTEAECUATWY, Ba TIPEMEL va TTpAYUATOTTOLETAL
KATAANAN Slaxeipion Twv atgodotwy, YE TNV mapoxn
TANPOMOPIWY KAl TTApaKoAOUONGN auTtwyv Pe TN AYN
SEIYHATWV EMAVENEYXOU.

3TN XWEA Hag N avantuén Kal mpoaywyr Tou €0vi-
KoU ouoTtruaTog alpodoaoiag eival appodlotnta Tou
EBvikou Kévtpou Apodoaoiag (E.KE.A.). O opoloyikog
éNeyxo¢ mpaypatomoleital o€ SUo (2) kévTpa aipatog
avd TV EMKPATELD, TOOO yla TNV KAAuyn 1biwv ava-
YKWV TWV KEVTPWVY AUTWY 000 Kal Y1 TNV KAAUYPN OXE-
TIKWV aVAYKWV TwV S1laouVOESEVWVY IE AUTA UTTNPE-
olwv alpodooiag Twv VOOOKOUEIWVY TNG XWPAG.

Ta &0 (2) kévtpa aipatog TNG Xwpag eivat 1o
EOvikd Kévtpo Alpodooiac kat to Kévtpo Aipatog
AXEMA. To EpyaoTrplo XuyKevipwTikol OpoAoyikoU
EAéyxou (E.Z.0.E) Tou Kévtpou Aipatoc AXENA dpxloe
va Aertoupyei Tnv 12n louviou 2017.

SKOTTOC TNG HEAETNG HAC ATAV VA avaAUCOUE TOV
OPOBOETIKO EMMONACUO UOAUCHATIKWVY TTAPAYOVTWY
o€ €0eNoVTEC alpodoTEG, TNV TiEpiodo 2018-2022 Kal
va emaAnBgvooupe TV €1I0IKOTNTA Kal TNV akpifela
Twv peBSOWV Slaloyng KatoTiv cUYKPLIong TwWV aro-
TENEOUATWY pe emPBePaiwTikéC Sokipaoiec.'

YAIkO kat pé6odot

Katd ta étn 2018-2022 eAéyxOnkav cuvohika 875055
povAdeg aipatog 1} mpoidvTa aipatog (.. alloTmeTa-
Aagaipéoelg) oto Epyaotriplo Zuykevipwtikou Opo-
Aoyikou ENéyxou (E.XZ.0.E) tou Kévtpou Aipatog
AXENA.

To E.Z.0.E eivat umevBuvo yia Tov 0poAoyIKO ENeyXO
povadwv aipatog amd 36 cUVOANKA YTnpeaieg Alpo-
doaoiac (Kevtpikig, AuTikic kat AvatoAikiic Makebo-
viag, ©pdkng, Hmeipouv, Xtepedc EANGSac kal ©sooa-
Mag).

AVOAUTIKG, OTA TIEVTE TN TNG UEAETNG, TTPAYUATO-
mondnkav ot akoAouBol é\eyxol povadwy aipaToc:
170736 10 2018, 164190 10 2019, 167017 TO 2020,
181787 10 2021 ka1 191325 10 2022.

AkoAouBwWVTAC TO TTPWTOKOAO gAéyxou, KABE po-
vdada aipatog eAéyxOnKe UTTOXPEWTIKA EvVavTL:

® NG oLPIANG (avaoTPOoPOC aAyOpIBOG-avixveuon

avtiowpdtwy IgG kat lgM évavti tou Treponema
pallidum)

® TOU ETTIPAVEIOKOU AVTIYOVOU TOU 10U TNG NTTATITI-

6a¢ B (HBsAg)

® TWV AVTICWHATWY EVaVTioV Tou 10U TNG NIMATITI-

6ag C (avti-HCV)
® 1ou HIV-1 (avTi-HIV-1) kat tou HIV-2 (avti-HIV-2),
ouumePINaPBavouéVWY OpIoUEVWY OTTAVIWY TTa-
paAaywv tou 1ov (m.x. HIV-1 timog O) kabwg kal
TO avTtiyovo P24

® TWV AVTICWHATWY EvavTiov Tou avBpwmivou T-
Aepgotpomou 1ov tumou | (avti-HTLV-1) kat |l
(avTi-HTLV-II)

O éNeyxo¢ TPAYHATOTTOINONKE LIE TNV EQAPUOYN HE-
868wV dlahoync vPnAng evatodnaoiag kat I81IKOTNTAC
O€ QUTOMATOTIOINMEVA CUOTAMATA AVAAUTWY TEAEU-
Taiag texvoloyiag Kat peydAng mapaywytkdtnTagc.

Eldikotepa epappootnkav n pébodog CLIA (Avo-
ocoe&étaon XnUElopwTavyelac) otov avaiuth LIASON
(DiaSorin) yta tov é\eyxo TG cUPIANG Kal ol pébodot
ChLIA (Avocoeg€étaon Xnuelo@wTauyelag) OToV ava-
Autrj PRISM (2018-2019) kat CMIA (MikpoowuaTISIaKn
Avoooeéétaon Xnuelo@wTtavyelac) otov avaiutr Alin-
ity-s (2020-2022) yia tov éAeyxo TnG nratitidag B kat
C, Twv wv HIV kat HTLV (Abbott Diagnostics).

31a mAaiota Tou eAéyxou moldTnTAG avTidpaoTn-
piwv, TEXVIKWV, HeBOdwv Kat eE0TTAICHOU, EQapUOOTN-
KAV TTPOYPAUMUATA E0WTEPIKOU TIOIOTIKOU €AEYXOU
(kaBnuepva), kal mpoypdupata eEWTEPIKAG Slac@d-
Along moloéTnTac.

Ta deiypata pe amoAUTEG LETPAOELG XAUNAOTEPES
NG TINAC TOoL opiou BeTikdTNTAC (cutoff) BewpriOnkav
un avtidpwvta evw Ta SeiypaTa UE AMTOAUTEC UETPN-
OE1C UPNAGTEPEC 1 (0€C TNC TIUNC TOU Opiou OeTIKOTN-
Tag BewpriBnkav apxikwe avtidpwvta. EIdIkoTepQ, yia
Tov é\eyxo tn¢ nratitidag B kat C, Twv wv HIV kat
HTLV, ta Seiypata pe tipég S/CO uPnAoTepeG 1y (0€G
Tou 1.00 BswpnBnkav avtidpwvta. Ocov agopd Tov
éNeyxo NG oVPIANG, HETPROEIC HeTagu 0.9 and 1.1
a&lohoynOnkav wg ykpila (wvn (GZ), cupPwWVA pE TO
E0WKAELOTO TOU avTidpaoTtnpiov Kal umoBAROnkav
07O {610 TPWTOKOANO HE Ta avTIOpWVTA.

ZUPQwva e Tov alyoplBuo Tou Yroupyeiou Yyeiag
Ta apxlka avTidpwvta Seiypata emaveEeTdotnKav €1g
Stmolv pe v idia péBodo Sialoync. Amd autd opiopéva
apépEvav apxika avtidpwvta (IR-initial reactive), evw
€dv o€ Kkamola ol emavalapPavouevec SoKipéC nTav
avTIdpaoTIKEC, auTd BewpriBnkav emavalapBavoueva
avtidpwvta (RR-repeatedly reactive). MNa 6Aa autd ta
Seiypata (IR kat RR) mpayuatomolndnke emmAéov
é\eyxog, ammé Tov aokd TAACUATOC, JE TNV KUpla uéBodo
aMA kat pe deutepn péBodo otov avaluth Architect
(Abbott Diagnostics). H 6eUtepn pébodog epapudletal
OUYKEVTPWTIKA yla OAn tn xwpa oto E.KEA. lNa 6ca
Seiypata kataypdgnke emavalapBavopevo aviidpwy
anotéheopa pe tn dokipaocia Slaloyrig Ta avtiotola
Tapdaywya amoppipnkav Kal mpaypatomnolitnke me-
PATEPW ENEYXOG UE EMPBEPRAIWTIKES SOKIUATIEC.
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Ot emBeBaiwTikég eEETATELS, TTOU EQAPUOCTNKAV
oto EZ.0.E, ftav ol FTA (Aokipacia ®Bopiopou) kal
TPHA (Aokipacia AlpoouykOAAnong) yia T cUQIAN,
INNO-LIA (MéB8odo¢ AvocoamoTtumwaonc) yia Toug 1oUg
HTLV kat HCV, Western Blot (MéBodog Avocoamotu-
mwonc) yta tov 16 HIV, kat dokipacia e€ouvdetépwaong
yta Tov 16 HBV. H evaiebnaoia twv empBeBaiwtikwy e€e-
TACEWV ATAV Tapopola Pe Ti¢ pebddouc Slaloync Kal
N 181K TNTA TOUC KuPAIVOTAV TTEPITTOU 0TO 99,9%.

H Slaxeipion twv SelyHATWV Kal N EKTEAEON TWV
e€etdoswy €yive e BAon TIC KaTayeypaupéveg Stadt-
Kaoieg Tou epyaoctnpiov (cupudpewon pe Tig Kateu-
Buvtrpleg Odnyiec OpOBNC MPAKTIKNAE, OMWC AUTEC
kaBopilovtal amd tnv Eupwmnaikn Emrtporm yia tnv Al-
podooia kal Tn Metdyyton tou Aipatog (CD-P-TS) tou
>upBouliou Tn¢ Eupwmng kat €xouv uloBeTnBei amd
N Xwpa o).

lMNa va aflohoyrpooupe TNV a&lomoTia Twv avooo-
SlayvwoTIKWV PeBOSwY S1ahoyri¢, XPNOILOTIOCALE
WG KPITAPLA, TN OUXVOTNTA TWV TIEPUTTWOEWVY HE ETIL-
BePatwpévn Aoipwén kal Ta mocooTd Twv Peudwce Be-
TIKWV amoTeAecpdTwy, TNV e181kdTNTA (Specificity) kat
N BeTikn MpoyvwoTikn aia (PPV).

AmoteAéopata

Me tn dokipaoieg dialoyric Bpédnkav emavalaufa-
vOpEeVa BETIKA, yla TO GUVOAO TWV HOAUCHATIKWY OEl-
KTwv, 4118 (0,47%) Seiypata.

To mocooTo opobetikdTNTAC SEV TTApOUGiaoE oTa-
TIOTIKWC ONUAVTIKN PETABOAN avd £1oc. AVaAuTIKA
avd €1o¢, Kataypdagnaoav Ta akéAouBa TocooTd opo-
BetikdtnTac: 2018 (0,52%) 893 deiypata, 2019 (0,54%)
890 Seiyuara, 2020 (0,43%) 715 Seiyparta, 2021
(0,42%) 771 eiypata, kat 2022 (0,44%) 849 Seiypata
(mivakag 1).

M. TAME, B. MAKAAOYAH, M. AAZAPIAQY, A. MIZQKAZ, M. MOYAIOYAH, T. NIKOAAIAHZ, AIK. MMOYKOYBAAA, X. ANAPIKOMOYAQY,
3. NIKOAAIAQY, H. MENTZIOY, X. MADIAH, M. XATZHKYPKOY

‘O\a ta emavalapBavopeva avtidpwvta Seiypata
eNéyxOnkav pe empPBePaiwTtikéc dokipaoiec. Mg tnv
Epapuoyr Tou akyépiBuovu, emPBeRaiwdnke Aoipwén,
Yl TO OUVOANO TWV EAEYXOMEVWY HOAUCUATIKWY OEl-
KTwv, o€ 1026 (0,12%) Seiypata. H katavoun Atav oxe-
60V Tautoonun avd £1og eAéyxou. AVaAUTIKA KaTa-
ypdenkav ta akoAouBa mocooTd emiPBefalwpévwv
Mopwéewv: 2018 (0,13%) 221 mepimtwoelg, 2019
(0,12%) 206 nepimtwoelg, 2020 (0,11%) 182 nepimtw-
o¢lg, 2021 (0,12%) 211 mepmTtwoelg, kat 2022 (0,11%)
206 TePIMTWOELS (mivakag 1).

A€ KaTaypa@nke Kapia mepimtwon cuAoipwénc.

lMNa k&Be poluopatiko Seiktn Kal yia OAn TNV ava-
pepOUeVN TEPi0SO ENEYXOU EKTIMNOAUE TIG EEAC TTA-
POUETPOUG:

® p1BPOC emavaapPavopevwy avtidpwviwy del-

yudtwv (RR, repeatedly-reactive)

® ap1Buo¢ Setypdtwy mou emPefaiwdnkav wg Oe-

TIKA (TP, true-positive)
® qpIBuoC un empPeBaiwpévwy Peudwe BeTIKWY
Setypdrtwv (FP, false-positive)

® £181KOTNTA (Specificity (%))

® QeTikn MpoyvwoTikn aia (PPV (%)).

Ta amoteAéopatd pag Kataypd@ovtal avaluTIKA
oTov Tivaka 2.

Tuliton

Ot eykataotdoelc Kal ot Siadikaocieg Tou Epyaotriplou
Juykevtpwtikol Opoloyikou EAéyxou (E.Z.0.E) Tou Ké-
vTpou Aiuatog AXENA, cuppopewvovtal pe tig Kateu-
Buvtriplec 0Obnyiec OpPOBNC MPAKTIKAC, OTIWC AUTEC
kaBopilovtat amd tnv Eupwmaikn Emtpor yia tnv Al-
podoaoia kat tn Metdyyton touv Aipatog (CD-P-TS) Tou
Juppouliou TNG Eupwming kat €xouv uloBeTnOsi amod

TN XWPa pag.

OpobeTikdtnTa £VovTl OA@V TV EAEYYOUEVDV LOAMGUOTIKOY JEIKTMV. AVailvon
ITivaxog 1 EATES{S

Eleyyépeveg "Etog XOvoro OeTIKOV pg XOVoAo OEYPaTOV pne
povaodeg aipatog doxKipacio Stahoyng empeforopévy hoipwén
170736 2018 893 (0,52%) 221 (0,13%)
164190 2019 890 (0,54%) 206 (0,12%)
167017 2020 715 (0,43%) 182 (0,11%)
181787 2021 771 (0,42%) 211 (0,12%)
191325 2022 849 (0,44%) 206 (0,11%)
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Iapdapetpot 0&0AdyNoNg TOV SoyvVOoTIKOV HeBOd®Y d1ooyNg.

RR TP FP SP (%) PPV (%)
HBV 576 448 (0,05%) 128 99.98 77,77
HCV 858 134 (0,01%) 724 99.92 15,62
HIV 507 40 (0,004%) 467 99.95 7,89
HTLV 298 7 (0,0008%) 291 99.97 2,35
SY®IAH 1879 397 (0,04%) 1482 99.83 21,13
RR-emavalapBavépeva avadpiva, TP-empeforcuéva Oeticd, FP-yevdi Octixd, SP-e1dikémta
(%), PPV-Octuxc mpoyvaooticy adia (%)

Ot avooodlayvwoTikEG SOKIPEG Oa TTPETTEL VA EKTE-
AouvTal CUUPWVA LE TIC TTAEOV TIPOOPATEG ETTIOTNLOVL-
KEC Kal TEXVIKEC OladIKaoiEg, Ol OTTOIEC AVTIKATOTITPI-
CouV TIC KAOAUTEPEC OUYXPOVEC TTPAKTIKEC. Ol TIPAKTIKEC
Ba mpénel va avabswpouvTal TOKTIKA Kal Va MIKAL-
porolouvTal, AapfdavovTtag umoyn TNV EMOTNMOVIKN
nmpo60do, doov apopd TNV avixveuon maboydvwy ma-
PAYOVTWY, TTIOU UTTOPOUV va HETad0B0UV HEow TNC UE-
Tdyylone.

Mia e€€taon SlaAoync, yla va gival amoTteNecpa-
TIKN, Ba TTPETEL O EMIMOAACHOC TG VOGOU OTOV TTAN-
Buopo otdéxo va eival vPnAog, Kabwg Hia TTOAU
evaioBnTn avaluon o€ xaunAé emmoAacuo Ba odn-
YNO&L o€ auénpévo aplBuo Peudwe BeTIKWY amoTeNe-
OMATWV.

Ta edopéva Tou pyactnpiov pag KAaTadeIkvUouv
XOMNAO EMIITOAACUO TWV PETASIOOUEVWV PIE TN PETAY-
ylon voonuAtwy otov alpodoTikd minBuopo. Katd ou-
VETTELD, N OeTIKA MpoyvwoTikh aia gival xaunAr kat
Ta dedopéva pag dev umopouyv va armodoBolv o€ Kakn
anédoon Twv opohoylkKwv Sokipactwy SIaAoYNC.

E€aipeon amotelei n vPnAr BeTIKA TTPOYVWOTIKA
a&ia 6oov agopd Tov éNeyxo yia Tnv nratitida B, umo-
SnAwvovTag eVOEXOUEVWC OXETIKA auénuévo emimo-
Aaouod g véoou otov aipodoTikd mAnbuouo. Eival
YVWwoT0, 011 n EAN&Sa cuykataléyeTal akdpn oTIG Tie-
PlOXEC eVOLAUEDONG EVONUIKOTNTAG, UE TIG MENETEC VAl
katadelkvuouv emmolacud tng nratitidag B oto ye-
VIKé TTANBuouo yOpw oTo 2,5-3%. Xpnoipo Ba ntav
VA YiVOUV OTOXEUMEVECG ETTIONUIONOYIKEG EPEUVEC OTOV
alpodoTIKO TANBUoO, avd yewypa@ikd Slauepiouata,
TIPOKELEVOU va SLamoTwOEl N cuxvOTNTA TWV POPEWV
HBV kat va An@Bouv eMKAIpOTIOINUEVEC KATEVOBUVTH-
pleg 0dnyiec eNEyXoU (T.X. UTTOXPEWTIKOG ENEYXOC HE
anti-HBc) og €0viké eminedo.'41516

Tameplocotepa Peudwe BETIKA amoTeAéOUATA TNG
MEAETNG HaG agpopovoav Tov EAeyXo TnG nratitidag C
Kal 0€ ONUAVTIKOTEPO BaBUo6 Tov ENeyx0 TNG CUPIANG.

‘Ooov agopd tov éAeyxo Tn¢ nmatitidag C, emon-
paivetal 6t amd Tic 134 emPBeBalwEVES TEPIMTTWOELC,
oTIG 51 Sev aviXVeUTNKE 1iKO QOPTIO (LOPIAKOG ENEYXOG
apvnTikéc). Ot 0dnyiec Twv unmnpeoiwv alpodoaiag
opiCouy, 611 amokAeiovtal amd Tnv dladikacia Tng at-
podoaoiag dtoua pe Tpéxouvoa ald kat mapeAbovoa
Aoipwén amé HCV. Ot povadec aipatoc and aipodoTeg
pe empPePaiwpévo avti-HCV, al\d xwpic tikd gopTio,
BewpnTIKA HdVo Urmopei va pny €ival LOAUOUATIKEC,
KaBWE N ao@Alela TETOIWV povadwy Sev €xel amodel-
XOei pe peNéteg Kal wg ek ToUTOL amoppintovtal'”'8

‘Ocov agopd Tov €Aeyxo TNG CUPIANG, N EPapOYN
TOU avAOTPOPOU aAyopIBuou katédel€e Peudwe OeTIKA
ArmOTEAEOUATA OE ONUAVTIKO Babud. Emonuaivetat,
OT1T0 1/3 (453/1482) TEPITOU QUTWV TWV TTEPITTWOEWV
NG MEAETNG HaG, OXeTICETAL PE AVTIOPAOTIKOTNTA EVTOG
™G ykpiCag (wvne. H anwAela TAvTwE Twv avtioTolywv
TapAywywy, avtiotabuiletal amo tn HeyloTomoinon
NG A0PANEIOG AVIXVEUONG, TIOU TIPOCPEPEL O avd-
OTPOPOC aAyoplBuog (autopatomoinuévn péBodog
ME LPNAN EI8IKOTNTA, AVTIKEIMEVIKOTNTA KAl EMAVA-
ANYILOTNTA TWV UETPRIOEWV) O CUYKPLON HIE TOV TIa-
Padoc1aKO alyoplBuo (Kivouvog Peudwe apvnTIKWV
ATTOTEAECHATWY, AOYW TNE XApNARS evatoBnoiag akdun
Kat étav n poAuvon givat pdo@aATh Kal ToU QpAlvoUEVOU
¢ mpolwvng, aduvapia eviomopou mapebovoag
AoipwéNC, UTTOKEIUEVIKOTNTA OTNV EPUNVEIQ TWV Aro-
TEAEOUATWY).192021

IXETIKA pe TNV HTLV I/1l Aoipwén, Ta amoteAéopata
pag amodelkviouv 6Tl 0 EMITOAACHOC TNG OTOV aAlplo-
S0TIKO TTANBUOUO TNC XWPAG Hag gival e€aIPETIKA Xa-
MNAGC. Ta dedopéva autd avadelkviouv TNV avaykn
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EMAVAKAB0PIoHOU TOU aAYopiBLIoU yia Tov EAeYXO TNG
HTLV I/l Aoipwéng kat avoiyouv tn oulATnon mpog tv
KateLBLVON EQPAPLOYNG EAEYXOU LOVO OTOUG Al0dO-
T€C 1nG popdg.223

H 181koTNTA YIa TO GUVOAO TWV e€eTACEWY Slalo-
YAG KAl yla OAOUG TOUG ENEYXOUEVOUG TTAPAYOVTEG,
nTav cOPEWVN UE TIC TPOOSOKIEC Hag Kal ion i KAAU-
TEPN ME TN dNAwBeica ota ecwKAEIOTA TWV avTidpa-
otnpiwy, dtaceaiifovtag ot n amoucia Aoipwéng
OTOUG AIHOBOTEC KATASEIKVUETAL EPYAOTNPIOKA UE ap-
vNTIKA amoteAéopata.

Eivat onpavtiko va yvwpi(oupue, 0Tt 0tav oxediale-
Tat aAyépiBuog avaiuong, 1davikd ot dokipaoisg Sia-
Aoyn¢ (screening) Ba mpémnel va gival 1600 €181kEG 660
Kal evaioOntec. QoTd00, auTd gival cuxvda SUoKolo va
emTeuxOei, KOBWC 0 EMMOAACHOC TWV AOIUWEEWY
oToV alpodoTIkG TANBUOUOS gival xapnAdG Kat évag on-
MaVTIKOG aptOuog Sotwv Xwpic Aoipwén pmopei va
mpofdilovtal we Peudwc BeTIKOI.

Aoyw ¢ aAnAemidpaong TN euaioBnaoiag kal tng
€101kéTNTAC, Ol SOKIUATieC EAéyXOU screening Sev Tpé-
TIEL VA XPNOIUOTIOIOUVTAL ATTOKAEIOTIKA yia TN O1d-
yvwon piag Aoipwéng o aipodotec. AOTEC, TTOU €XOUV
BeTIk6 TOT screening, Oa mpémel va alohoyouvTal Kal
ME ANNeC pebBodoug, mpokelpévou va emPBeBaiwbei To
amotéAeopa. Ot emPBePaiwTikég SoKipaoieg eivat ama-
paitnTo Brina Tou aAyépiBuou, Bonbouv otn anoca-
@AVION TWV ATTOTEAECUATWY TWV PEBOSWV Slahoyng
Kal pag onBouv va unmootnpifoupe Tn SlayvwoTiknA
pag BefatdtnTa.

Ateukptviletal, OTI OTIC TIEPITTWOELC EMPBERaWPEVNS
Moipwéng, 6ev kabopiloupe To oTAdI0 TN AoiWENC,
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S16T1 auTo Slagépel avaloya e TOV ENEYXOUEVO HO-
AuoHATIKO TapdyovTa Kat eMITAEOV O akpIPng kabo-
PIOUOC amaltel KAIVIKO-EPYAOTNPLAKN TIPOCEYYLoN.
E€aM\ov, o pdho¢ Twv unnpectwv alpodoaoiag givat n
aflohoynon t¢ KataAnAdtTnTag twv 60Twy, PE TNV
€@apuoyn Kpttnpiwv amodoxne/amokAelouoU.

Y& MEPIMTWOELC eMPBERAlWPEVWY OETIKWY aATTOTENE-
oudTwy, evepyoroleital N KatdAnAn diadikacia dia-
Xeiptong Tou apodéTn, ouvumnepdapBavouévng tng
OXETIKNG EVNUEPWONC TOU Kat Twv S1adIKaciwy mapa-
KohouBnong.2

SUUTIEPACUATIKA, UTTOPOUNE Va TTOUUE OTL SlaTTi-
otwOnkav xapnAd emimeda opoBeTIKOTNTAG EvavTl
OAWV TWV HOAVOUATIKWY SEIKTWV O OAA Ta Xpodvia
eNéyxou. H xprion tou emPefaiwtikov alyépiBuou
TTPOCEPePe TTOAUTIUN BoriBela otn Slaxeiplon—evnué-
pPWON TWV AlHOSOTWV.

JuvioTdtal n avantuén alyoplBuwv oe BvIKS emi-
medo, mou va Stac@ahi{ouv TNV KATAANAN KAl GUVETTH
¢peuva Kal emAuon TG avtidpacTikOTNTAG OTIC SOKI-
paoiec dtahoyric. H Siao@dhion tng moldtntag yia
TTPOCUUTITWHATIKECG Kal eMPBeBalwTIKEG E€€TATEIC YA
Aolpwdelg SeikTeg gival IB1AITEPA ONUAVTIKI KOl CUVE-
TTAYETAl OUYKEKPIEVEC TIPOOEYYIOELC. MOVO SOKIUEC
mou €xouv adelodotnOei BewpolvTal KATAANAEC yla
v aipodoaia.

Oa nipémel va oBsi 18laitepn éugaocn oTnv eKmai-
Sevon kal TN Stapkr a§loAdynaor Tou TPOoWTTIKOU, TN
ouvtrpnon Kat fabuovounon tou e€omAiopou, T dia-
XEiplon Twv Setypdtwy, TNV TapakoAouBnon Twv ouv-
Onkwv amobrikeuong Twv avtidpaotnpiwy, padi pe
TEKUNPIWON OAWV AUTWV TWV EVEPYEIWV.
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Summary

Diagnostic performance of the serology screening testing of blood
donors. Retrospective study (2018-2022) conducted at the Serology
Laboratory of AHEPA Blood Center

Magdalini Pape*, Vasiliki Bakaloudi, Parthena Lazaridou, Dimitris, Pisokas, Pashalia Poulioudi,
George Nikolaidis, Aikaterini Boukouvala, Christina Andrikopoulou, Soultana Nikolaidou,
lliana Pentsiou, Chariklia Pafili, Maria Chatzikyrkou

Serology Laboratory, Blood Center, AHEPA University General Hospital of Thessaloniki

*Corresponding author

The use of screening tests in a blood donor population, a population with a low prevalence
of infectious markers, is a complex process. All assays should have high levels both of sen-
sitivity and specificity. Increased sensitivity is of outmost importance to detect and remove
potentially infectious blood products from the blood supply and eliminate false negative
results. At the same time, specificity is also important in reducing the number of false
positive results, in order to avoid unnecessary exclusion of certain donors. The aim of our
study was to analyze the seroprevalence of transfusion-transmissible infectious agents of
voluntary blood donors within the period 2018-2022 and verify the accuracy of screening
tests followed by confirmatory assays. The study conducted at the Serology Laboratory of
AHEPA Blood Center. Blood samples were tested for syphilis, HBsAg, anti-HCV, anti-HTLV I/II
and HIV Ag/Ab. The screening strategy included repeated testing of reactive samples, fol-
lowed by confirmatory testing. Our results confirmed the low prevalence of transfusion
transmitted infections in Greek blood donors. As a consequence, the positive predictive
value of the screening assays was poor, something not attributed to poor performance of
the selected screening tests, and a relevant number of uninfected donations were excluded.
Specificity for all assays was within our expectations and definitely equal or better than the
value demonstrated on the reagent inserts. The use of the confirmatory algorithm offered
valuable help in the management of blood donors.

Key words

y.____ blood donor population, algorithm; diagnostic accuracy,

specificity
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AEATION EAANHNIKHZ MIKPOBIOAOTIKHZ ETAIPEIAZ

Odnyiec mpo¢g Toug oUYYPAYEIC

Fevikda oTolyEia - TKOTTOG TOU MEPLOSIKOU

To AeAtiov EAnvikric MikpoBioAoyikni¢ Etaipeiac sival
n €mionun tPNViaia ékdoon tnG EAANVIKAG Mikpo-
BroMoyikn¢ Etaipeiag, e okomo Tn cuveyr ekmaideuon
Twv BlomaBoAdywv, KAivikwv MikpoBloAoywv, aAd
Kal KAOE EMOTAMOVA TTOU ACXOAEITAL LUE TNV EPYAOTN-
PLOKN KAl KAWVIKI IOTPIKH.

Kopla embiwén ival n dnuocicuon peAeTwv otnv
EMnviKi A TNV AyyAIKR YAWooO TToU a@opouv 6Aoug
Toug Topeic TG KAivikric MikpoBloloyiag (Baktnptohoyia,
Mapaocttoloyia, Mukntoloyia, loAoyia), aA\a kat TIg
horég e€e1dikevoelg TN latpikric BiomaBoloyiag (Epya-
oTtnplakn Alpatoloyia-Aodoaia, latpikr Bloxnueia kat
Avoooloyia).

NpoéoPaon oto meplodiko

H mpdéofaon oto mePIodikd yivetal Pe NAEKTPOVIKO
TPOMO, 08 OAA T PEAN TNG EAANVIKAC MIKPOBIOAOYIKNAG
Etaipiag, péow tng 1otooehidag tng ENANvIkNg Mikpo-
Boloyiknc Etalpiac, péow t¢ 1otooeAidag Tng ENnvi-
KNG Mikpofiohoyikng Etaipiag (https://acta.hms.org.gr).

Awadikaoia umoBoARg mpog Snpoacisvon

Ta dpBpa urmoBAaNAovTal ATTOKAEIOTIKA HECW TNG NAE-
KTPOVIKNG TAATQOppag oto www.hms.org.gr (Meplo-
O1ké/HAekTpovikr YriooAr ApBpwv). Xelpdypapa Tou
mapalapBavovtal pe o Taxudpopeio, avefaptnTta g
umapéng r Oxt NAeKTpoVIKou apxeiou, Sev Ba Aappavo-
vtat ur’ oYv. To urmoBaréuevo dpBpo Ba mpémel va
ouvodevetal amo emoToAR-6rAwon tou umelBuvou
ouyypa@éa Tou va BeRatwvel 6Tt OAOL Ol CUYYPAPEIC
éyxouv Slafdoel Kal CUPPWVOUV e TNV UTTOBOAN Tou
XELPOYPAPOU Kal OTL TO ApOPO 1 £va ONUAVTIKO HEPOG
autou Oev €xel dnuooieuBei i umoPAnBsi yia dnuooi-
€uon Kamou aA\ou. Emiong Ba mpémel va avagépetal
KAOE 0UYKPOUON CUPPEPOVTWY OAWV TWV CGUYYPAPEWV.
Katd v mapahapr, to dpBpo eréyxetal yia tnv min-
POTNTA KAl 0TI CUVEXELD ATTOCTENNETAL ATTAVTNTIKO NAE-
KTPOVIKO prvupa otov umelBuvo yia aAnoypagia

OouyYypaQEQ.

Eidn apOpwv npog dnpoacisuon
AnpoactevovTal ol TTaPAKATW KaTnyopisg apBpwv:

EpeuvnTikég epyaocieg: Mepléxouv amoteAéopata
EPYACTNPIAKWY, EMONUIOAOYIKWV 1] KAIVIKWV UEAETWV
TTPOOTITIKOU 1} avadpoUIKOU XapaKTHPa Tou SnUoot-
evovtal yla mpwtn @opd. H éktaon tou Keluévou
Xwpic ™ BiPMoypagia dev mpémel va umepPaivel TIg
5.000 Aé€elc.

Bpayeieg Snpooievoelg: Exouv tnv yevikn doun
TWV EPEVVNTIKWV EPYACLWV, OUWG EXOUV MIKPOTEPO
péyebog £wg 1.800 Aé€elg Kal €we 15 BIBAMOYPAPIKES
ava@opEc. Apopouv peAéTeg Tou Sev Sikalohoyouv
TNV €KTAON LA TTAPOUG EPEVVNTIKAC Epyaciac. H Xu-
VTaKTIKN Emtponry, petd anod npotaon Twv eKAOTOTE

KpITwy, dlatnpei o Sikaiwpa va GUCTAOEL GTOUC OUY-
YPAPEIC va HETATPEYOULV [id A PN EPEVVNTIKN EpYa-
oia og Bpaxeia dnuocicuon, epdoov, Katd TNV Kpion
Toug, Oev dikalohoyeital n éktaon mou €xet oBei. Ot
OUYYPAPEIC UTTOPOLV €MMioNE VA UTTOBANNOLV EPYATIEC
mou €xouv €€apxng T Hoper Bpaxelwv dnUootey-
OEWV.

EvS10p€poucec TEPIMTWOELG: ATTOTEAOUV VEEC N
TMOAU OTIAVIEC TIEPIMTTWOELG VOO UATWY, OTTAVIEG EKON-
AWOEIG, epapuoyn VEWV SIayVWOTIKWY KPITnpiwy N
VEwV BepameuTikwy peBOdwv. H ékTaon Tou Kupiwg
Kelpévou va unv unepfaiverl Tig 1.500 Aé€eig kat n Bi-
BAloypagia va unv unepPaivel TIG 15 TapaATTOUTTEC.

Avaokonnoelg: AvaluovTal cUyXpova latpikd 0¢-
pata, ota omoia mapouatalovtal ol Tpdo@aTteC e€eNI-
&elg N avagépovtal Ta cupnepdopata oEIpdg pev-
VNTIKWV HEAETWY TwV ouyypa@éwv. Ol aVaOKOTTAOELS
ypdagovTtal and &vav f MEPIOCOTEPOUG CUYYPAPEIC,
avaloya pe tn Bepatoloyia toug. H éktaon tou Kupiwg
KEIEVOUL va pnv utrrepBaivel Tig 10.000 Aé€eig kat n Bi-
BAoypagia T 100 mapamoumEC.

EmoTtolég mpog tnVv Zuvtan: MNepiéxouv Kpioeig n
TTAPATNPNOEIC YIa SNUOCIEVPEVEC UENETEC KATT. H
€KTaON TOoUC va unv umepPaivel Ti¢ 500 Aé€eic kai n Bi-
BAloypapia Tic 5 avagopéc.

ApBpa tng Zuvta&ng: Zuvtopa dpBpa oXoAaopoU
N Kpiong emikalpwv Bepdtwy, Ta omoia ypdgovTal
META amd mMPOOKANON TNG CUVTAKTIKNAG EMITPOTNAC. H
€KTaON TOUG va unv urrepPaivel Tig 1.000 Aé€elg kat n
BiBAoypapia Tic 10 avagopéc.

Oplopo¢ ouyypagéa apBpou

Q¢ ouyypagéac evog apBpou opiletal éva AToo Tou
€XEL OLVEIOPEPEL OTOV OXESIAOUO 1} OTNV EKTENEDN TNG
OUYKEKPIUEVNC €pEVVAC TTOU TTapouoldlel To apbpo,
oLPEwWva pe TIC 0dnyiec TnN¢ AleBvouc Emtpornn¢ Xu-
vtaktwv latpikwv Meplodikwv (ICMJE):
[http://www.icmje.org/ethical_1author.html]. To mepio-
O1kd Bewpei OAOUC TOUC ouyypaPEic, aveEédpTnTa NG
OEIPAC TOUC, WG PEPOVTEC e€icou TNV MARPN €uBLUvNn
€VOC ApBpou, cupmepIapBavouévou Kal ToOu OpIoHOoU
TOU TITAOU KAl TNG OEIPAC TWV UTTOAOITIWV CUYYPAPEWV.
ATopa TTOU TAPEXWPNOAV TIPOG XPrON EYKATACOTACELG
N €€omAIopd, KAIVIKA 1} TTPOTUTIA OTEAEXN, AVOAWOIUA
N avtidpaotrpla, €6waoav OIKOVOUIKA BorBela péow
Snuoédolac i IBIWTIKAG XPNHAToS0TNONG, 1| CUUTIANPW-
oav EpWTNUATONOYILA, Sev urmopolv va BewpnBouv 6Tl
TANPOULV TA KPITHPla TOL cuyypagéa. Emiong ta kpith-
pta autd Sev mMAnpolv dtoua 1ou oxoAiaoav, 1y d1op-
Bwoav } mapeixav cUPPOUAEG KaTd T Sladikacia Tng
OLYYPAPNC MEPOUC 1 OGAoU Tou dpBpou. Autd ta dtoua
pImopoUv va ava@epBolv 0TO KEQANALIO TWV gUXapL-
oTiwv. Opddeg epyaciag pmopei va avapepBolv w¢
OUYYPAPEIC, EQOCOV OAA TA EAN TTOU ATTOTEAOUV TNV
opdda TANPoUV Ta KPLTHPLla TTou avagépbnkav 1o
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mavw. TéENog, ava@épeTal pnTd OTI O TITAOG TOU OUY-
ypagéa dev pmopei va amodobei «TIpRG évekev» AOyw
B¢onc. Tuxov Slagwvieg TOU AVAKUYPOUV OXETIKA HE
TNV AITOVON TOU TITAOU TOU CUYYPA®EA 1) TNV OEIPdA
TWV ouyypa@éwv o€ éva dpbpo, Ba onuaivouv auto-
pata tnv avaoTtoAr tn¢ Siadikaciag kpiong, éwg 0Tou
autd AuBouy, eite amd To GUVONO TWV CLUYYPAPEWY,
ano tnv apuédia entpor BlonBikrg kat dsovtoloyiag
Tou 18pLuaTog MPpoéAeuonc Tou dpBpou.

EuxapioTieg

Ta dtopa 0To KEPANALO TWV ELXAPLIOTIWV Ba Tpémel va
€XOUV EYKPIVEL TNV CUUUETOXN TOUG 0€ auTo. MNa LAIKO
TToU €x€l SNUOCIEVOE e oTTOI0SATTOTE AANO TPOTIO KAl
UTTOKEITAL O€ TIEPIOPIOUO TIVELUATIKAG IS10KTNoiag Kal
Sikaiwpdtwy (copyright) Ba mpémnel va avagpepBei ava-
AUTIKA 0 TPOTIOC YE TOV OTTOI0 AUTO ATTOKTAONKE Kal
nw¢ 800nke n ddela. Kabe oikovouikr Bondeiaq, site
dnuoola gite 1IdBlwTIKA Ba mpémel va avagépetal pnTa.

2UYKPOUGK CUMPEPOVTWV

‘O)ot ol ouyypageic Ba mpémel va ava@épouv oTo
dpBpo kabe mBavry CUYKPOUON CUUPEPOVTWY, OXE-
TIKA PE TNV UTTIO SNPOCIEVON PENETN, CUUQWVA LIE TIG
odnyie¢ ¢ AleBvouc EmTpomn¢ ZuvTakTtwy laTpikwy
Meplodikwv (ICMJE):
[http://www.icmje.org/ethical_4conflicts.html]. ©a npé-
TELva avagépetal ke xpnuatoddtnon mou Ba prmo-
poloe va odnyrRoEl i} va UTIOVONOEl KATELBUVOEVN
e€aywyr CUPTTEPACUATWY, OTIWC EMIONC KABE olkovo-
MIKA 6paoTNEIOTNTA TTOU UTTOPEL VA EXEL OXEDN LUE TNV
MENETN (T1.X. KO OXL TTEPIOPIOTIKA, TIPONYOUEVN KOTOXN
METOXWV N cuppeToX o€ AlolknTikd Zupfoliia 1
AU Xpnpatodotnong yia ouiAieg amd gtaipia g
omoiag Ta mPoidvTa eAEyXOVTal OTNV OUYKEKPIUEVN
MENETN, KATL). H un umapén olykpouong cupgepd-
vIwv Ba mpémel emiong va avagépetal. ESw onpel-
WVETAL OTL Ol AEMTOUEPELEC TNG CUYKPOUONG CUMPE-
povTwv 6ev dnuooisvovtal padi pe 1o dpbpo, alda
TTAPAUEVOLV OTNV ZUVTAKTIKA Emtporr uné auotnpn
EXEMUOELQ. 2TO APBPO SNUOCIEVETAL [Ia YEVIKOAOYN
@paon, m.y. «O ouvyypapéac X.X é\afe evioxuon amd tnv
etaipia Y.¥. yia epeuvntikoU¢ oKoTroUG, 1 yid OUIAIEC OE
ouvESpIa KA. ATIOTUXIO TNG CUMMOPPWONG ME QUTH
Vv odnyia Ba odnyei og emotpoPn Tou Apbpou yia
CUUTARPWON, TIPV TNV EMIOTNMOVIKN Kpion. & mepi-
TITWON TTOU €K TWV UOTEPWV aTTOKOAUPBEi cLUYKpouon
OUUQEPOVTWY TTou Oev ONAWBONKE, N CUVTAKTIKN ETI-
Tpomn Slatnpei To Sikaiwpa va To avagEépel o€ M-
LEVO TELXOC UE TNV Hop@r) «O cuyypaéac X.X. Sev &1j-
Awoe mbavry cUYKpoUOon OUUPEPOVTWY, OXETIKA UE TO
apBpo Z.Z. kai tnv etaipia Y.Y¥.r,

O6nyieg cuvtaéng apbpwv

lNa tn ovvtaén twv dpbpwv To MEPLOSIKO aKOAOUOE(
Tic urrodei€elc Tng AleBvoug Emtpomnric ZuvtakTtwy la-
TPIKWVY MNeptodikwv (ICMJIE):
[http.//www.icmje.org/urm_main.html]. Amotuyia Twv
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OUYYPOAPEWY VO CUHHOP@WOO0UV UE TIC 08nYieC Umopei
va onuaivel emMoTtpo®n Tou apbpou, Tpv TNV Kpion,
yia 816pBwon Kat ek véou uToBoAr. To xelpdypago,
ME TNV XPrioN NAEKTPOVIKOU UTTOAOYIOTH KAl AOYIOUI-
kou emefepyaciac kelpévou, SakTuloypageital oe
pop@oroinon peyéBouc oehidac A4 (212 x 297 mm)
pe mepBwpla ekatépwBev TOUNAxIoTOV 2,5 cm, o€ O1-
mAO SlaoTnpa Kal pe ouvexy apibunon oglpwv oTto
aplotepd meplBwplo (Mevou: Aldtaén oehidac/Apiob-
pNoN YPAUUWV/ZuveXOevn apiBunon).

Ol epeuvNTIKEG Epyaoieg, ol Bpaxeieg dnpooiev-
OELG KAl Ol EVOLAPEPOUTEG TTEPIMTWOELC Oa TIpémel va
éxouv TnV idla koivry Soun Kal va mepidapBdvouv Ta
€€N¢ TUAMATO, o€ éva eviaio apxeio kelpévou (word,
text, | G\No): Tn oeAida TiThov, TNV ENANVIKNA TTEpIANYN
ME TIC Aé€eIc KAEIOIA, TNV ayYAIKN TIEPIANYN PE TIC Aé-
&e1g KAe1d1d ota ayyAIkd, To KUPIWG KEIUEVO, TIG EUXA-
ploTiec, TN SAwoN CUYKPOUGNC CUUEPEPOVTWY, TN
dnAwon adelac amd tnv apuodia Emrporn BlonBikng
r/kat tov EOQ (egpdoov analtteital, cUH@WVA PE TNV
Keipevn vouoBeaia, yla epeuvnTIKEC EPYAOIEC TTAPE-
Batikou TUTOUL), TN BIBAIOYPAPia, TOUC TTIVAKEG KAl TIG
Aedvteg Twv elkovwyv. OL elkoveg Ba mpémel va uTro-
BaAovTal o€ EexwploTd apxeia, CUPPWVA E TIC 0dN-
yiec mou akoAouBouv.

H oelida tithov amotelei TV mpwtn ceAida Tou
apBpou kal mephapfavel: (a) Tov titho Tou dpbpov,
otov omoio OV eMTPEMOVTAL CUVTUNOEIC Aé€cwy, (B)
TO OVOUATA TWV CLUYYPAPEWY (TTARPEC OVOUA Kal ETTW-
VUMO), (Y) TO EpyaoTnplo 1 TNV KAVIKI] KAl TO VOOOKO-
peio N To dpupa amod To omoio TTPOEPYKETAL N Epyaaia,
(6) Tnv mArpn StevBuvon Tou umevBuvou yla TNV a\-
AnAoypagia cuyypa@éa, cupmepIAapBavopévou evog
aplOuoU TNAe@Wvou Kal piag evepyoug dievbuvong
nAekTpoVIKA¢ aAnhoypagiag (e-mail) kat (g) Bpaxv
TiTAO OX1 peyaAUTEPO amd 40 ypduuata pe ta Slaoth-
pata. OAeg ot mapamdvw mAnpo@opies Ba mpémel va
avagépovtal oTnv EAANVIKr YAWooa Kal 0T CUVEXELQ
Kal otnv AyyAIKn Y\wooa.

H mepiAnyn Ba mpémet va éxel éktaon 250-400 Aé-
&eIC (EKTOC Ao TIC EVOIAPEPOUOEC TTIEPITTTWOELC TTOU
Ba éxel éktaon €wg 250 Aé€elg), otnv EAANVIKA Kal Tnv
AyyAIKA YAwooa kal Ba ipémnel va xwpiletal o€ 4 na-
paypda@ou¢ (Zkomdc, YAIkO-MéBodoc, AmoteNéopata,
Jupmepdopata). Katw amd tnv mepiAnyn Ba mpémel
va avagépovtal ol Aé€eig KAeS1d (3-6) otnv EAAnvikn
Kal TNV AyyAIKH YAWOOQ, TTOU TIPETTEL VA AVTIOTOLXOUV
otou¢ S1ebveic 6pou¢ Tou Index Medicus kat va armo-
6idovtal ota EANnvika oVupewva pe to IATPOTEK
(MeSH-Hellas-Bioiatpikry Opohoyia).

To Kupiwc Keipevo Ba mpémel va xwpiletat oTa TUA-
pata: Eloaywyn, YAIKS kat pébodol, Amotehéopara,
Tu{TNOoN, €KTOC aTTd TIC EVOIAPEPOUOEC TTEPITTTWOELC
mou Ba mpémel va amoteAolvTal amo Ta Tunuata: Ei-
caywyn, MNeptypagpn nepintwong, Lxohio R Luln-



non. 1o YAIKO Kal MéBodol TTeplypAaPETal AEMTOE-
PWE O TPOTIOC EMAOYNCG TOU UAIKOU i Twv acBevawy,
KaBwc¢ kal ot pébodol mou e@apuocOnkav, WoTeE N
¢peuva va pmopei va avamapaxOei amd epeuvntég ou
EMOUUOLV TNV EQAPUOYH TNG. ZE TTIEPIMTTWOELC EPELVWV
TTOU apopoULV o€ avBpwmoug, mpémel va Sleukpiviletal
OTL TNENONKE N Alakrpuén Tou EAcivki (1975) kai Ba
TIPETTEL VA AVAQEPETAL EQV N LENETN €XEL AAPEL EyKplon
amno tnv avtiotolxn Emtpornry BionBikrig kat Agovto-
Aoyiac. Xta anmoteAéopata Ba mpémel va avagépovTtal
AVOAUTIKA TO ATTOTEAECUATA PE LOP QT KEIUEVOU 1 TIL-
VAKWV (000 TT10 CUVOTTTIKA YiveTal, Xwpic EMavaNqPELC).
>1n ou{ATNON PTOPE( va Yivel CUYKPLON HIE TA ATTOTE-
Aéopata AAWVY EpYACIWV KAl VA ava@EéPovTal Ta OU-
MITEPACHATA, TA OTTOIA TIPOKUTITOUV artd Ta OTTOTEAE-
opata TNG MEAETNG. Avaloya pe 1o péyeBog Tou
apBpou umopei va yivel sUVTUNON TWV KEPAAaiwy Twv
ammOTEAECPATWY Kal TNG ou{ATNONC O éva Ke@AAalo
(AmmoteAéopata-ulnTnon).

Ot euxaplotieg Ba mpémel va ameuBlvovtal oe
ATOMA € OUCIAOTIKY CUMBOAR OTNV MpaypaATomoinan
NG €PELVAC, OTIWG TTPOAVAPEPONKE TTIO TIAVW.

H dnAwon olyKkpouong CUHPEPOVTWY Oa TPETel
va gival avaAuTIKn yia 6AOUC TOUG CUYYPAQEIC.

H 8Awon éykpiong amoé tnv apuodia Emtpomnn
BionOikng i tov EOD (yia pehéteg mou autd amarteital
oUUPWVA UE TNV Keipevn vopoBeoia, .. HeNéTeC TTa-
peUPatikol TUTOU, PE aoBeveic, perétec aoBevwv-
MapTUpwVY, KAT.) Ba mpénel va mepihapfdvel tov
aplOud MPWTOKOANOU Kal TNV NUEPOUNViIa éyKplong.
KaBiotatal cagég 611 Sev pmopei va dnpooteubei pe-
AETN yla TNV omoia ot cuyypa@eic {nTnoav avadpouikd
€yKplon yla epyaciec mou nén gixav yivel. Ot emodn-
MIOAOYIKEC HENETEC, Ol EPYATIEC ENEYXOU TNG HIKPOPIa-
KNG avToxNg, Ol OUYKPIOEIC EpyaoTtnplaknc pebodo-
Aoyiag Kal ol TTAPOUGIACEIG TTEPIOTATIKWY ATTOTEAOUV
€i6n gpeuvnTIKWV gpyaciwv mou Sgv amattolyv mapo-
pola €ykplon.

>tn BiBAoypagia akohouBeital to S1EBVEC oU-
otnua Vancouver. Emeidn n avamapaywyr twv dp-
Bpwv amd TI¢ 10TooENISEC avelpeonC eV LETAPEPEL
amoAuta 6Aa Ta Tumoypa@ikd oTolxeia (m.x. €18ikd
YPAUpaTA) Ol cuyypageic yia va e€ac@alicouvv Tnv
0pBn anddoon Twv avagopwv Ba TPEMEL va avatpé-
XOUV OTO TUTTWUEVO KEIUEVO, €ITE O€ EVTUTN, EiTE OE
NAEKTPOVIKA Hop@n) (apxeia .pdf). ONot ot cuyypapeic
€VoC apBpou BewpolvTtal amd Kolvou umevBuvol yia
NV owoTn avamapaywyri Twv PIBAloypagikwy ava-
(POPWV TOU APBPOU Kal N CUVTAKTIKI ouada Tou Tie-
PLOSIKOU SeV ENEYXEL TNV TUTTOYPAQPIKH AKPIBELd TOUC,
Kéotog 816pBwong AdBoug avagpopdg mou Tuxov (n-
™NOEl amd Tpito AToPo HETA TNV TEAIKN EKTUTTWON TOU
TeLXOUC Tou TEPLOSIKOU, eMPBapuvel €€ oAokApou
TOUC OLYYPAYEIC. H apiBunon Twv avagopwv oTo Kei-

MEVO YIVETAL PJE TNV OEIPA TTOU AVAPEPOVTAL OTO KEi-
Mevo, 1 apafikolc apBPoUC, we EKOETEC, UETA TA ON-
MEia oTiENG (T1.X.: N OUYKEKPIUEVN TTAPATAPNON €XEL
avapepOei apyika amd Toug Jones Kal cuv.* Kat €xel
emPBePaiwdei kat amd ANEC HENETEC>7812),

ApBpa meplodikwv dnuoacisupéva: MpdgovTal Ta
ETWVUHA TWV CUYYPAPEWY KAl TA ApXIKA TOU OVOUa-
TOG XWPIG TENEiEG, OTNV OUVEXELA TO TTEPLOBIKO GTNV
OUVTETUNMEVN TOU HoP®N LE TTAAYIA YPAUUATA, OTNV
OUVEXELA TO £TOC, 0 apLOUOC TOHOU (XWwpig Tov aplOud
TELYOUC o€ TTapévOeon) Kal ol oehidec (m.x. Klotz SA,
Penn CC, Negvesky GJ, Butrus SI. Fungal and parasitic
infections of the eye. Clin Microbiol Rev 2000; 13:662-
685).'Otav ol cuyypageic eival meploodtepol amo €€,
avaypdgovtal Ta mpwTd £€1 ovouaTa Kat akoAouBei n
AéEN “et al.” pe mMAAyla ypAUUATA, 1} «Kal CUV.» YIO EANAN-
VIKO apBpo (m.x. Garcia HH, Herrera G, Gilman RH,
Tsang VC, Pilcher JB, Diaz JF et al. Discrepancies bet-
ween cerebral computed tomography and western
blot in the diagnosis of neurocysticercosis. Am J Trop
Med Hyg 1994; 50:152-157). X& mepintwon avagpopdg
OVOUATWVY OUYYPAPEWV OTO KEiPeVOo, avaypd@eTal
MoOvo 1o emwvupod Touc. Edv ol cuyypageic eivat dvo,
peTagl Twv emwvUpwy Tomobeteital n Aé€n “and” 1y
«Kal» (yia eNAnVIkn dnuoaciguon). Av To dapBpo eival
avumoypago, otn 6éon Twv ovoudtwy Twv cuyypa-
PEwv avagépetal “Anonymous” i «Avwvupog» (yla
eMnVIKA dnuoaicuon). MNa Ta nAekTpoVIKA TTepLodIKA
mmou Sev €xouv aehidoroinon, rj 6Tou aAuTo emiong ival
EQPIKTO, META TNV CUVTOHOYPAPIA TOU TITAOU TOU TIEPIO-
S1koL Ba mpémel va avagépetal o kwdikdg DOI (Digital
Object Identifier) (m.x. Kalil AC. Is cefepime safe for clinical
use? A Bayesian viewpoint. J Antimicrob Chemother 2011;
doi: 10.1093/jac/ dkr 138).

ApBpa meplodikwv umd dnpocicuon: Apopd apbpa
TTOU €XOUV YiVEL armOSEKTA KAl EKKPEUEL N TEAKT Snuo-
oigvon Touc. AkolouBeital n mponyoupevn odnyia kat
META TNV cuvVTOoUoYPAPia Tou TTEPIOSIKOU avaypdpeTal
“in press” rj «umd dnuooisuony. Edv katd tnv Sidpkela
¢ Sadikaoiag kpiong To apBpo TeAKA dnuoacieubei,
0l CLYYPAQEIC gival ureLBLVOL yIa TNV AVAVEWGSHN TNC
QAVAPOPAG LIE TA OTOIXEI TOU TIEPLOSIKOU (TEVXOG, OENI-
6¢ec 1 voupuepo DOI).

2 UYYPAUUA: AVA@EPOVTAL TO OVOUA TOU CUYYPAPEQ,
0 TiTAo¢, 0 aplBuoC TNS ékdoonc (av UTTAPXOLV TTEPLO-
00TEPEC amd Hia), 0 EKOOTNG, 0 TOTTOC EKOOONC, TO £TOC
Kal ol 0eNIOEC TNG avapopdc. MNa ta kegdlata BiBAiwv
QVAQEPETAL ETITTAEOV HETA TO GVOa TOU €KSOTN Kal O
Tithog Tou BiAiou (m.y. Griffiths WD. Old world cutane-
ous leishmaniasis. In: Peters W, Killick-Kendrick R (eds).
The leishmaniases in biology and medicine.Vol. Il. Lon-
don, Academic Press, 1987:617-636).

Epyaoiec umtd pop@ry avakolwoewv o ouvESPIa
(Mpo@oplkéC 1 avnptnuévec), dev mepihapfavovtal
otnv BiBAoypagia, ala pmopei va mapartiBevtal o
TaPEVOEDN OTO KEIUEVO, EQOTOV Sev €xOUV TTAPENDEL
mavw amd dvo £tn amd TNV TAPOUCIAoT TOUC, AVaPE-
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POVTAC TO GVOLA TOU TIPWTOU CUYYPAPEX, TO CUVESPLO
Kalt TNV o0€Aiba TOU TOPOU TIPAKTIKWV (T.X. Juncosa B et
al, XVII Lancefield International Symposium on Stre-
ptococci & Streptococcal Diseases, Porto Heli, Greece,
2008, pp63 ). Me mapdpuolo Tpomo Ba mpémnel va ava-
YPA®PovTAl Kal Ol avapopéC O€ IoTOOENISEC, OTTOU ETI-
TAéov Ba TPETTEL VA ava@EPETal Kal N NUEPOUNVIa TNG
TENEUTAIAG ETTIOKEPNG KA EAEYXOU ATTO TOUG OUYYPAPEIS
(my. http://www.mednet.gr/whonet, Teheutaia emiokeyn,
1n Maiou 2013).

O1 pwToypapieg, Ta oXAMATA, TA SlaypAppaTa KATT.
ovopadovtal we EIKOVES (pOooV gival WTOYPAPIES)
N ypagnuata (epooov sival oxédia), avagépovtal oTa
ONUEIN TOU KEIPEVOU OTTOU AVTIOTOLXOUV Kal aplBuou-
vTal PE apafikolc aptBpoug (lkdva 1, EIKOvVA 2, K.0.K.).
YmoBAaAovTal NAEKTPOVIKA w¢ ave€apTnTa apxEia €1
kovwv (JPEG, TIFF, EPS, kAm.) otnv ugnAotepn duvatn
avaiuon (to Atyotepo 300 dpi yia acipopaupe 1) €y-
XPWHES pwToypa®ies kat 600 dpi yla ypa@ruata mou
TIEPIEXOLV OXESIA KAl YPAUUOTA) KA OXl EVOWUATWUEVA
OTO apXeio Kelpuévou tou ApBpou. H tehikr amodoxn
TipoUmoB£Tel TOV EAeYXO TOUG ATTO TEXVIKN Armoyn. MNa
EIKOVEC TTOU OEV TTANPOULV TIG TEXVIKEC TIPOSIAYPAPEC
{nteital n ek véou UTTOBOAN TOUG aTTd TOUG CUYYPAPEIC,
. O1AeCavteg Twv elkdVWY Ba Tpémel va ypdgovTal OAe
padi os EexwploTn oeNiba oTo Keipevo Tou dpBpou.

‘O\ol ol TTiVAKEG avapépovTal 0Ta ONnEia TOU Kel-
MEVOU OTTOU AVTICTOLXOUV Kal aplOoUVTaL UE CUVEXO-
pevoug apafikoug aptBuouc (mivakag 1, mivakag 2,
K.0.K.). Ot mivake¢ Saktuloypagouvtal og SIMAo di1d-
oTtnpa Kal o€ EexwploTr oeAida o kabévag. H éktaon
KABe mivaka KaAov gival va pnv urepPaivel Tn pia oe-
Aida. ‘OMol ol mivakeg mpémel va €xouv AeCAVTEG, Ol
omoigg ypd@ovtal 0To Avw PHEPOG TNG AVTIoTOIXNG O€-
Aidac. Tuyxov emeEnyrioslg avagépovtal e Taparo-
MITEG OTO TENOG TOU TTiVOKA.

2TNV OVOMAToAOYid Kal OTIC LOVASEG PéTpRoNg, ol
(PAPHAKEUTIKEG OUGCIEG AVAPEPOVTAL PE TNV XNUIKHA Kal
OXL TNV EUITOPIKN ovopacia Toug. Ot povadeg Twv dia-
POpwWV HeyebBwv avapépovTal pe Touc Siebvwe mapa-
8ekTOUC OUMUPBOAIOHOUG Kal OXl ME TIG EANNVIKEG
ovopaoieg Touc. Na mapddelyua, ypdeetal kuttapa/pl
Kal Oyt KUTTapa K.K.X. H ovopatoloyia Twv Baktnpiwv
eival autr mou avagépetal oto: Approved lists of Bac-
terial names (Skerman VBD, McGowan V, Sneath PHA,
ed. American Society for Microbiology (1989) kat oto
International Journal of Systematic and Evolutionary
Microbiology. Ta ovouata Twv v Ba mpénet va gival
T eyKeKPIPéva amo tn Siebvn emtporn yia tny Tagl-
vopnon twv wv (ICTV), 6nwg avagépovtat oto Virus
Taxonomy: Classification and nomenclature of viruses,
Seventh report of the international Committee on Ta-
xonomy of Viruses (van Regenmortel et al, ed. Acade-
mic Press, San Diego, Calif, 2000).

Ot avaokomnoelg akohouBouv Ti¢ idleg mponyou-
MEVEC YEVIKEC 0ONYIEC EKTOC TNG KEPAAAIOTIOINONG TTOU

VOL. 68 @ ISSUE 2, April-June 2023

gival avahoyn tou Béuatoc (Sev akohouBeital SnA. n
KE@aAalomoinon «eloaywyr), VAIKO Kal pébodol, amo-
TeNéopata oulATnon»).

Ot emoToAéG po¢ TNV Zuvtaén Kal Ta apdpa Tng
TUvtaéng akoAouBouV TIC TIPONYOUIEVEC YEVIKEC 0ONYiIEC,
EKTOG TOU YEYOVOTOG 0TI SV €XOLV TEPIANYN 1 KEPA-
Aalorroinon (umodaN\ovTal o€ pia eviaia Tapdaypago).

Awadikaoia kpiong

‘O\ec ol gpyaoiec mou ummodallovtal Kpivovtal amd
TOUAAXLIOTOV évav EWTEPIKO KPITH Kal ard tnv opdda
ouvtaéng tou meploSikov. Ot KPITEC UTTOPE( VA ATTOTE-
AoUV PEAN TNG ZUVTAKTIKAG EmTpomm¢ 1y va givat dAhol,
e181koi yla 1o Béua, emotnuovec. Katafdietal kabe
Sduvatn mpoomdBela n kpion ywa Tnv amodoxn, TNV
Tpormormoinon f TNV andéppidn uia uroPBAndsicac ep-
Yaoiag va oOAoKANPWVETAL o€ EDAOYO XPOVIKO SldoTnua
(Tpelc éwc TéooeplceSopadec) amd TNV nUepounvia
urtooAn¢ tnG. OAn n aAAnAoypagia mpayuaTomolEiTal
pé€ow TNE NAeKTPOoVIKAC SlevBuvong (email) Tou umev-
Buvou cuyypagéa, yI' auto Tov Adyo évag evepyog Ao-
YapPLaOUOC NAEKTPOVIKOU TaXUdpoEiou givat amoAUTw
amapaitnNToC. & TMEPIMTWON Tou ol KPITEC {NTHoOLV
SlopBwoelc i mpoTteivouv aANayég, To TEAIKO SlopBw-
Mévo Keipevo uTToBANNETAL K VEOU aTTO TOV UTTELBUVO
ouyypagéa, o Staotnua Tplwv efSdopddwv amd tnv
EMOTPOPN] TOU YIa TPOTIOTIOINON KAl GUVOSEUOUEVO
amd €MOTOA otnVv omoia Ba avagépovtal onueio
TIPOC ONEI0 OAEC ol aANaYEC OTO Keipevo, kaBwce Kal
n arttoAoynpévn amodoxn r amoéppPn Twv MPOTACEWY
TWV KPITwv. MeTd TNV TEMIKN amodoxn, N MEAETN aTTo-
oTéNETAl 0TO TUTTOYpAPEio. Ol cuyypaYEic, epdooV
To €mbBupovly, duvavtal va Adfouv Tumoypa@ikd
Sokipla yla éAeyxo. Ta SoKipla TTPETEL VA ETIIOTPEPOVTAL
oto Tumoypa@eio o€ TPEIC TO MOAND NUEPEC UE TNV
Xxpron nAektpovikol taxudpopeiou. Epodoov ol cuy-
YPAPEIC emMOUPOUY avaTuTa, Ba TIPEMEL va AmooTeIANOLY
EMOTOAN Tou Ba dnAwvouv Tov ApIBPd aAvaTUTIWY
mou emBupolv. H oxetikn damdavn Papuvel €€ oho-
KA}POU TOUC CUYYPAQEIC. Aev eMTPEMETAL AANAYT) TOU
KEIMEVOU OTO OTASIO TWV TUTTOYPAPIKWY SOKIMiIWV
XWpI¢ TNV ddela tng Zuvtaénc.

ARAwon adsiag ékdoong

Metd tnVv oploTikn amodoxr Tou dpbpou mpog dnuo-
oievon, o ureLBuvoC cuyypagéag Ba mpémel va ou-
MITANPWOEL KAl VA UTTOYPAYEL TNV EMOTOAR avaBeong
™¢ adelag ékdoong mou Umopei va Bpel 0TV I0TOoE-
Aida Tng EAAnvikA¢ MikpoBloloyikng Etaipiac. H ou-
MIMANPWHEVN POppa Ba Tpémel va TaxudpounBei (katd
TIPOTINON i€ CUCTNHEVN ETTIOTOAN 1 UTTNPEGIA TAXU-
petagopdc) otnv dievBuvon «Xuvtaktiky Emrponn,
A&Atio EN\nvikn¢ Mikpofioloyikn¢ Etaipegiag, ASCENT
IKE, MixaAakomoUAou 29, 115 28, ABrivar. Xnpelwvetal
€8W OTI HOVO PETA TNV TTapaAaf3n) TN emoToAAc Ba Ee-
Kivael n Siadikaoia evowpdtwong tou dpbpou oto
EMOUEVO TEVXOC KAl N OTOIXELOOETNON TOU.
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references.
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bility of an article, including its title and order of ap-
pearance of other authors. Any individuals who offe-
red specific equipment or facilities, clinical or
reference strains, consumables or reagents, financial
assistance through public or private financing, or who
completed questionnaires, do not meet the criteria of
an author and cannot be defined as such. Moreover,
individuals who commented, edited or advised du-
ring the writing process of the article cannot be inclu-
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mentioned in the Acknowledgements section. Working
groups can be included as authors, provided that all
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Finally, it is explicitly stated that no individual can be
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regard to the inclusion of an individual as an author
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Board reserves the right to report it in the next issue,
in the form of “Author XX did not state a potential con-
flict of interest concerning article ZZ and company YY",

Guidelines for writing articles

Regarding the writing of articles, the journal complies
with the guidelines of the International Committee of
Medical Journal Editors (ICMJE)
[http://www.icmje.org/urm_main.html].

Failure of the authors to comply with these guidelines
can lead to the article being returned for adjustments
and resubmission, prior to its evaluation.

With the use of a computer and word processing
software, the manuscript is typed on A4 page format
(212 x 297 mm) with margins on both sides of at least
2,5 cm, double-spaced and with continuous line num-
bering in the left margin (Menu: Page Layout > Line
Numbers > Continuous).

Research papers, Short-form papers and Intere-
sting cases should have a common structure and in-
clude the following sections in a single text file (word,
text or other): title page, Greek abstract with key
words (for manuscripts in Greek), English abstract
with key words, main body of the text, acknowledge-
ments, declaration of competing interests, declaration
of authorization by the competent Bioethics Commit-
tee and/ or the National Organization for Medicines
(for Greek authors EOF) (when required, in accordance
with current legislation, in the case of interventionist
research papers), references, tables and image ca-
ptions. Images have to be submitted in separate files,
in accordance with the instructions that follow.

The title page is the first page of the article and in-
cludes: (a) the title of the article, where no abbrevia-
tions can be used, (b) the names of the authors (full
name and surname), (c) the laboratory or clinic and
hospital or institution where the study was carried
out, (d) the full address of the author in charge of cor-
respondence, including a telephone and fax number
and an active e-mail address, and (e) a brief title no
longer than 40 characters including spaces. All the
above information should be provided first in Greek
and then in English.

The abstract has to be between 250 and 400 words
(except for interesting cases where the abstract sh-
ould not exceed 250 words) in the Greek and English
language (for a Greek speaking article) or solely in En-
glish (for an English speaking article) and it should be
divided into four paragraphs (Aim of the study, Mate-
rials and Methodology, Results, Conclusions). Three
to six key words are listed below the abstract both in
Greek and/or English (as mentioned above), which
must correspond to the international terms of Index



Medicus and be attributable to Greek according to IA-
TROTEK (MeSH-Hellas-Biomedical Terminology).

The main body of the text, for the Research papers
and the Short-form papers, must be divided into sec-
tions: Introduction, Materials and Methods, Results,
Discussion. For the Interesting Cases format it should
be divided into the following sections: Introduction,
Case Description, Comments or Discussion.

In the Materials and Methods section, the way in
which the material or patients were selected is descri-
bed in detail, as well as the methods implemented, in
order for other researchers to be able to reproduce
the research. In case that the research involves people,
compliance with the Declaration of Helsinki (1975)
has to be stated, whereas it should also be defined
whether the study has been approved by the respec-
tive Bioethics and Ethics Committee and the respec-
tive decision No has to be quoted (please see below).

In the Results section, the results have to be me-
ntioned analytically in the form of either text or tables
(as concisely as possible, without repetitions). The re-
sults can then be compared with the results of other
studies in the Discussion section, where the conclu-
sions stemming from these results will also be mentio-
ned. According to the length of the article, the Results
and Discussion sections can be merged into a single
section (Results-Discussion).

The Acknowledgements section has to be addres-
sed to individuals with substantial contribution to the
realization of the research, as mentioned above.

The declaration of competing interests should be
analytical for all authors involved.

The declaration of authorization by the compe-
tent Bioethics Committee or the National Organi-
zation for Medicines (for Greek authors-EOF) (when
required in accordance with current legislation, e.g.
for interventionist research papers, research involving
patients, studies of patients-witnesses, etc.) must in-
clude the protocol number and date of authorization.
It is made clear that no research can be published for
which the authors requested retroactive authorization
for work that had already been carried out. Epidemio-
logical studies, antimicrobial resistance control re-
ports, comparisons between laboratory methodolo-
gies and cases reports constitute types of research
that require no such authorization.

References follow the international Vancouver sy-
stem (Vancouver reference style). Due to the fact that
the referencing of articles from their websites of origin
does not fully transfer all typefaces used (e.g. special
lettering), the authors should refer to the relevant pri-
nted text in order to ensure proper referencing, either

in printed or in electronic format (.pdf files). The auth-
ors of an article are all held equally responsible for the
proper reproduction of references, whereas the Edito-
rial Board of the journal does not check references for
their typographical accuracy. In case of any request by
a third party to correct a reference error after the final
print of the respective issue of the journal, the financial
cost is entirely borne by the authors. The numbering
of references follows the sequence in which they ap-
pear in the text, using Arabic numerals, in the form of
superscripts and following punctuation (e.g.: this was
originally observed by Jones et al.* and has been con-
firmed by other studies as well.57812),

Published journal articles: The surnames of the auth-
ors are written first along with the initials of their
names without dots, followed by the title of the journal
in its abbreviated form in italics, then by the year, vo-
lume number (without the issue number in parenthe-
ses) and pages (e.g. Klotz SA, Penn CC, Negvesky GJ,
Butrus SI. Fungal and parasitic infections of the eye.
Clin Microbiol Rev 2000; 13:662-685). When the authors
are more than six, the first six names are listed and fol-
lowed by the phrase “et al.” in italics (e.g. Garcia HH,
Herrera G, Gilman RH, Tsang VC, Pilcher JB, Diaz 5 JF et
al. Discrepancies between cerebral computed tomo-
graphy and western blot in the diagnosis of neurocy-
sticercosis. Am J Trop Med Hyg 1994; 50:152-157). When
mentioning the name of an author within the text,
only their surname is given. If the authors are two, the
word“and”should be placed between their surnames.
When an article is unsigned, instead of the names of
the authors the word “Anonymous” is used. For elec-
tronic journals with no page numbers, or whenever
this is possible, the DOI (Digital Object Identifier) code
should follow the abbreviated title of the journal (e.g.
Kalil AC. Is cefepime safe for clinical use? A Bayesian view-
point. J Antimicrob Chemother 2011; doi: 10.1093 /jac/
dkr 138).

Journal articles under publication: these are articles
which have been approved and pending final publi-
cation. The previous instructions should be followed,
whereas the abbreviated journal title is followed by
the phrase “in press” or “under publication”. When an
article is published during the evaluation process,
the authors are responsible for renewing the reference
by mentioning the relevant journal details (issue,
page numbers or DOI).

PhD thesis, book chapters or equivalent: the refe-
rence includes the name of the author, title, publica-
tion edition (in case of more than one editions),
publisher, city of publication, year and page numbers.
For book chapters, the title of the book must also be
mentioned after the name of the publisher (e.g. Griffi-
ths WD. Old world cutaneous leishmaniasis. In: Peters
W, Killick-Kendrick R (eds). The leishmaniases in bio-
logy and medicine. Vol. ll. London, Academic Press,
1987:617-636).
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Works in the form of notices at conferences (either
oral or posted) are not included in literature, but they
can be set out in the text in parentheses, as long as
no more than two years have passed since their pre-
sentation, indicating the name of the first author, the
conference and specific page(s) in the volume of the
minutes of the conference (e.g. Juncosa B et al, XVII
Lancefield International Symposium on Streptococci
& Streptococcal Diseases, Porto Heli, Greece, 2008,
pp63). References to websites should be listed in a si-
milar manner, further indicating the date of the auth-
ors’ last access to the website (e.g. http://www.med-
net.gr/whonet, cited 1 September 2015).

Photographs, figures, diagrams, etc. are defined
as images (in case of photos) or graphs (in case of dra-
wings) and they are listed in the corresponding points
of the text and numbered in Arabic numerals (Figure
1, Figure 2, etc.). They are submitted in electronic for-
mat as individual image files (JPEG, TIFF, EPS, etc.) in
the highest possible resolution (at least 300 dpi for
black and white or color photos and 600 dpi for graphs
containing drawings and letters) and not as attach-
ments to the text file of the article. Their final admission
requires approval after technical control. When images
do not meet the specifications, the authors will be re-
quested to resubmit them. Image captions should be
written together on a separate page in the text.

All tables are listed in the corresponding points of
the text and numbered in continuous Arabic numerals
(Table 1, Table 2, etc.). The tables must be typed using
double-spacing, at the end of the manuscript, after the
references, in the same file. Each table should fitin one
page. All tables must be accompanied by captions,
which are written in the upper part of the correspon-
ding page. Any clarifications are listed as references at
the end of the table.

As far as nomenclature and units of measurement
are concerned, pharmaceutical substances are mentio-
ned by their chemical rather than by their brand name.
The various units of measurement are referred to ac-
cording to the internationally acceptable standards.
The nomenclature of bacteria can be found in: Appro-
ved lists of Bacterial names (Skerman VBD, McGowan
V, Sneath PHA, ed. American Society for Microbiology
(1989) and in the International Journal of Systematic
and Evolutionary Microbiology. The nomenclature of
viruses has to be approved by the International Com-
mittee on Taxonomy of Viruses (ICTV), as referred to in
Virus Taxonomy: Classification and nomenclature of
viruses, Seventh report of the international Committee
on Taxonomy of Viruses (van Regenmortel et al, ed.
Academic Press, San Diego, Calif, 2000).
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Reviews follow the same general guidelines except
for their structure, which should be analogous to the
subject (i.e. the “introduction, materials and metho-
dology, results, discussion” structure is not applicable).

Letters to the editors and Editorial articles con-
form to the general guidelines laid out above, apart
from the fact that they have no abstract and no indi-
vidual sections (instead, they are submitted in a single
paragraph).

Evaluation process

All submitted manuscripts are evaluated by at least
one external reviewer, as well as by the Editorial
Board. The reviewers may be members of the Editorial
Board or other scientists who are experts on the re-
spective subject. Every effort is made so as to co-
mplete the evaluation process within a reasonable
time (three to four weeks) from the date of its submis-
sion, regardless of whether the paper is accepted or
rejected, or has to be modified. All correspondence
takes place via the e-mail of the author in charge and
therefore an active e-mail account is necessary. In case
that the reviewers request corrections or suggest mo-
difications, the final amended version will be resub-
mitted by the author in charge, within three weeks
from its return and accompanied by a relevant letter
stating all modifications made in the text point by
point, as well as the reasoned acceptance or rejection
of the reviewers' proposals. Following its final acce-
ptance, the manuscript is sent for printing. If they
wish, the authors may receive printing proofs for ch-
ecking. The proofs have to be resent to the printing
office by e-mail within three days at the most. If the
authors wish to receive reprints, they should send a
letter stating the number of desired copies. The rele-
vant expense is borne entirely by the authors. Exten-
sive changes cannot be performed while in the
process of proof reading without prior permission by
the Editorial Board.

Declaration of publication permission

After the final acceptance of the article for publication,
the author in charge must fill in and sign the letter of
publication and printing permission, which can be
found on the Hellenic Society for Microbiology website
(www.hms.org.gr). The completed form should be mailed
(preferably by registered mail or courier) to the address:
“Editorial Board, Journal of Hellenic Society for Microbiology,
Ascent, 29 Michalakopoulou 11528, Athens, Greece”. It
should be noted here that the article will be sent to the
printer’s only after the letter of permission has been re-
ceived.



