RESEARCH
ARTICLE

Ziya Erdogan'

Cihadiye Elif Ozturk?
Sengul Cangur?

Emel Caliskan?

Sukru Oksuz?

Zeynep Dilara Karamurat?

! Duzce University Institute of
Health Sciences, Konuralp
Campus, Duzce, Turkey

2 Duzce University Faculty of
Medicine, Department of
Medical Microbiology,
Konuralp Campus, Duzce
Turkey

Corresponding Author:

Emel Caliskan

Duzce University Faculty of
Medicine, Department of
Medical Microbiology, Konuralp
Campus, Duzce, Turkey
Phone:+90 5352640114

mail: emelcaliskan81@yahoo.com.tr,

Received: 02.12.2020
Acceptance: 07.06.2021
DOI: 10.18521/ktd.834769

This study was presented as
an oral presentation at the
“5th national clinical
microbiology congress” in
Izmir between 28 October and
1 November.

Konuralp Medical Journal
e-ISSN1309-3878
konuralptipdergi@duzce.edu.tr
konuralptipdergisi@gmail.com
www.konuralptipdergi.duzce.edu.tr

Erdogan Z et al.

Identification of the Gram Positive Bacterial Sepsis Agent with Rapid

Genotype Test

ABSTRACT

Objective: An irreversible process begins when a systemic infection causes sepsis. Therefore,
rapid identification of the agent bacteria in sepsis and its antibiotic resistance is crucially
important. In this study, it was aimed to investigate the efficiency of rapid genotype test in
detecting sepsis agent Gram positive bacteria and important antibiotic resistance.

Methods: 2132 blood culture samples sent to the laboratory were examined with an automatic
blood culture system (BACTEC, BD, USA) between 2018-2019. Blood culture bottles sent to
the laboratory were Growing bacteria was identificated by VITEK (bioMérieux, France)
automated bacteria identification / antibiotic susceptibility system. In addition, bacterial species
and mecA, vanA, vanB, vanC1, vanC2 / C3 genes in blood cultures with Gram positive bacterial
growth were also determined by the "Genotype® BC Gram-positive (Hain Lifesience,
Germany)" test.

Results: 72 patients with gram-positive bacteria growth in two or more blood culture bottles
were included in the study. In 44 of the samples (61%) the same bacterial species were detected
with conventional method (bacteria culture) and BC Gram positive test. In 28 of the samples
(39%) differences were detected between results of methods regarding bacterial species hame or
vancomycin/methicillin resistance rate. Although single agent was isolated with culture method
in all of the samples, multiple agents were detected in eight samples with rapid genotype test.
Also, it was found that in mecA positive samples, ciprofloxacin resistance was higher than
mecA negative ones.

Conclusions: In the study, it was observed that BC Gram positive test could correctly identify
sepsis agent bacteria and their resistance genes within 4-5 hours.

Keywords: Drug Resistance, PCR, Rapid test, Sepsis, Staphylococci.

Gram Pozitif Bakteriyel Sepsis Etkenlerinin Hizhh Genotip Test ile

Tanimlanmasi

OZET

Amag: Sistemik bir enfeksiyon sepsise neden oldugunda geri doniisii olmayan bir siireg
baglamaktadir. Bu nedenle sepsisteki etken bakterinin ve antibiyotik direncinin hizli bir sekilde
tanimlanmas1 ¢ok dnemlidir. Bu g¢alismada, sepsis etkeni Gram pozitif bakterileri ve 6nemli
antibiyotik direnclerini saptamada hizli genotip testinin etkinliginin arastirilmasi amaglanmustir.
Gereg ve Yontem: Laboratuvara 2018-2019 yillari arasinda gonderilen 2132 kan kiiltiirii 6rnegi
otomatik kan kiiltiirii sistemi (BACTEC, BD, ABD) ile incelenmistir. Ureyen bakteriler VITEK
(bioMérieux,Fransa) otomatize bakteri identifikasyon/antibiyotik duyarlilik sistemi ile
tanimlanmigtir. Ayrica Gram pozitif bakteri liremesi olan kan kiiltiirlerindeki bakteri tiirleri ve
mecA, vanA, vanB, vanC1, vanC2 / C3 genleri “Genotype® BC Gram-pozitif (Hain Lifesience,
Almanya)” testi ile de belirlenmistir.

Bulgular: iki veya daha fazla kan kiiltiirii sisesinde Gram pozitif bakteri iiremesi saptanan 72
hasta caligmaya dahil edildi. Orneklerin 44'iinde (% 61) konvansiyonel yontemle (bakteri
kiiltiirii) ve BC Gram pozitif testi ile ayn1 bakteri tiirii tespit edildi. Orneklerin 28'inde (% 39)
bakteri tiir ad1 veya vankomisin / metisilin direng orani ile ilgili yontemlerin sonuglart arasinda
farkliliklar tespit edildi. Tim &rneklerde kiiltiir yontemi ile tek etken izole edilmesine ragmen
hizli genotip testi ile sekiz Ornekte birden fazla etken tespit edildi. Ayrica mecA pozitif
orneklerde siprofloksasin direncinin mecA negatiflere gore daha yiiksek oldugu bulundu.

Sonug: Calismada BC Gram pozitif testinin, sepsis etkeni bakterileri ve direng genlerini 4-5 saat
icinde dogru bir sekilde belirleyebildigi goriilmiistiir.

Anahtar Kelimeler: Tlag direnci, PCR, Hizli test, Sepsis, Stafilokok.
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INTRODUCTION

Rapid identification of bacterial pathogens
and antibiotic resistance that grow in the blood
cultures of patients with sepsis enables the selection
of the most effective antibiotic for treatment. With
early  treatment, morbidity/mortality and
hospitalization period decreases, unnecessary use of
antibiotics is prevented and hospital costs are
reduced. (1-4) Automatized blood culture systems
used in clinical microbiology laboratories has
significantly decreased the period of identification
of bacterial pathogens. (1,2) However, the resulting
takes a minimum of 2 days after receiving the
positive signals. Faster identification systems are
required to start treatment as early as possible. For
this purpose, some laboratories use molecular
methods to quickly identify the agent and resistance
situation, such as DNA microarray, Nested
polymerase chain reaction (PCR), multiplex PCR,
in addition to non-molecular methods such as
matrix-associated laser desorption ionization-time
of flight (MALDI-TOF) MS , molecular methods,
despite their high costs. (5,6)

In our study, rapid identification of bacterial
species and mecA, vanA, vanB, vanC1, vanC2/C3
genes using “Genotype® BC Gram-positive (Hain
Lifesience, Germany)” test in blood cultures with
Gram positive bacteria growth was aimed.

MATERIAL AND METHODS

This cross sectional study aims identification
and resistance detection with rapid genotype test in
the patients of Duzce University Health Practice
and Research Center who has a growth of gram
positive bacteria in blood culture samples.
Approval was obtained from Duzce University
clinical research ethics committee, dated
21.09.2019 and numbered 2020/201.

Sampling: Among the 2132 blood cultures
tested from 14.04.2018 to 26.01.2019, belonging to
the patients of Duzce University Health Practice
and Research Center. Seventy-two patients with
Gram-positive bacteria growth in two or more
blood culture bottles were included in the study.

Laboratory Analyses: When the growth
signal was received from the automated blood
culture system (BACTEC Blood Culture Test--BD,
the USA) in our hospital's bacteriology laboratory,
Gram staining from blood culture bottle and
inoculation to blood agar (Oxoid, England) and
eosine methylen blue agara (Oxoid, England) were
performed.

Phenotypic Method: VITEK automated
bacterial identification system (bioMérieux, France)
and conventional methods were used in the
phenotypical identification of the growing bacteria.
In addition to the susceptibility of the bacteria to
methicillin, vancomycin and teicoplanin,
susceptibility to  ciprofloxacin,  gentamicin,
trimethoprim / sulfamethoxazole (TMP-SXT) were
also examined with VITEK automated system
(bioMérieux, France) and with the method of disc

diffusion. Antibiotic susceptibilities were evaluated
according to the European Committee on
Antimicrobial Susceptibility Testing (EUCAST)
criteria. (7)

Genotype Test: When gram positive
bacteria is detected at least in two samples of the
same patient according to the gram staining results,
Genotype® BC Gram positive Ver.3.0 (Hain
Lifescience Germany) assay kit that detects 17
different Gram positive types (Streptococcus
anginosus / constellatus / intermedius / mutans /
sanguinis,  Streptococcus  mitis /  oralis,
Streptococcus pyogenes, Streptococcus agalactiae,
Streptococcus  dysgalactiae  ssp.  equisimilis,
Streptococcus bovis, Streptococcus pneumoniae,
Staphylococcus aureus, Staphylococcus
haemolyticus, Staphylococcus epidermidis,
Staphylococcus hominis, Staphylococcus warneri,
Staphylococcus simulans, Enterococcus faecalis,
Enterococcus faecium, Enterococcus gallinarum ve
Enterococcus casseliflavus ) was used in this
system, methicillin (mecA) and vancomycin (vanA
, vanB, vanC1 and vanC2 / C3) resistance genes
can be detected, too.

Genotype test results have not been
confirmed by any other molecular method.

Statistical Analysis

Descriptive statistics of all data in the study
were estimated. Chi-square and Fisher Exact tests
were used in comparison among rates. The
compatibility between the test results was examined
by Mc Nemar test.

RESULTS

Seventy-two blood culture samples in Duzce
University Health Practice and Research Center
which were found to have gram positive bacteria
growth two times consecutively between April
2018 and January 2019 were included to the study.

The median ages of the patients whose blood
samples were taken were 72, (min: 1 max: 91). 36
of them were female (50%) and 36 of them were
male (50%). All of the samples were sent from
intensive care units.

A total of 45 Coagulase Negative
Staphylococcus (CNS) (16 of which were S.
hominis, 15 S. haemolyticus, 12 S. epidermidis, 2 S.
warneii), 17 S. aureus [9 Methicillin Resistance S.
aureus (MRSA), 8 Methicillin sensitive S. aureus
(MSSA)], 9 Enterococcus (5 E. faecalis, 4 E.
faecium) a group D streptococcus growth was
detected with bacteria culture method. In 44 of the
samples (61%) the same bacterial species were
detected with both methods, while in 28 of the
samples (39%) differences were detected regarding
bacterial species name or vancomycin / methicillin
resistance rate. In the statistical analysis, the results
of rapid genotype test CNS, S. aureus and bacteria
culture for enterococcus species were found to be
significantly compatible (respectively p=0,375,
p=0,999, p=0,999). However, vancomycin
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susceptible E. faecalis and MR S. hominis species
detected in a culture method sample, were found to
be undetectable with rapid genotype test. In
addition, S. pneumoniae species that were not
detected in two blood culture samples, were
detected with rapid genotype test. Moreover, while
single agent was isolated in the samples, multiple

agents were detected in 8 (11%) samples with rapid
genotype test. In blood culture samples, the
distribution of bacteria that were found to be similar
or different with rapid genotype test and culture

method is shown in Table 1 and Table 2. Results of
rapid genotype test are shown in Figure 1.

Table 1. Distribution of bacteria that were found to be similar rapid genotype test and culture method

Number Culture method Rapid genotype test
(Total=44) Bacteria Resistance gene
11 MR S. epidermidis S. epidermidis Mec A

9 MR S. haemolyticus S. haemolyticus Mec A

6 MR S. aureus S. aureus Mec A

6 MS S. aureus S. aureus -

5 MR S. hominis S. hominis Mec A

1 MS S. hominis S. hominis -

1 MS S. haemolyticus S. haemolyticus -

2 VR E. faecium E. faecium Van A

1 VS E. faecium E. faecium -

2 VS E. faecalis E. faecalis -

MR: Methicillin resistant, MS: Methicillin sensitive, VR: Vancomycin resistant, VS:Vancomycin sensitive

Table 2. Distribution of bacteria that were found to be different with rapid genotype test and culture method

Number Culture method Rapid genotype test

(Total=28) Bacteria Resistance gene

3 MR S. hominis S. hominis -

2 MS S. hominis S. hominis Mec A

1 MS S. hominis S. aureus Mec A

1 MR S. hominis S. haemolyticus Mec A

1 MR S. hominis S. hominis, S. Mec A
mitis/oralis, S.
pneumoniae

1 MR S. hominis - -

1 MR S. hominis S. aureus -

3 MR S. haemolyticus S. haemolyticus -

1 MR S. haemolyticus S. haemolyticus, E.
faecalis

1 MS S. haemolyticus S. haemolyticus , E. Mec A, Van A
faecium

1 MR S. epidermidis S. epidermidis -

1 MS S. aureus S. aureus Mec A

1 MS S. aureus S. epidermidis, Mec A
E.faecalis

1 MR S. aureus S. hominis Mec A

1 MR S. aureus S. aureus, E. faecalis Mec A

1 MR S. aureus S. aureus, S. hominis Mec A

2 MR S. warneii S. haemolyticus Mec A

1 VS E. faecium E. faecium, S. Mec A, Van A
haemolyticus

1 VR E. faecalis - -

1 VS E. faecalis S. aureus -

1 VS E. faecalis S. hominis Mec A

1 Streptococcus grup D S. mitis/oralis,

S. pneumoniae

MR: Methicillin resistant, MS: Methicillin sensitive, VR: Vancomycin resitant, VS:Vancomycin sensitive
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Figure 1. Results of rapid genotype test

When the resistance rates of antibiotics other (bioMérieux, France) and disc diffusion method, it
than beta lactam group in staphylococcus species was found that the resistance rate of ciprofloxacin
were examined by VITEK automated system among the antibiotics included in the study was
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higher than the mecA negative ones (p <0,001).
Gentamicin and TMP-SXT were found to have
similar susceptibility in mecA positive and negative
samples (p = 0.447, 0.601, respectively). The

susceptibility of staphylococcus species to
ciprofloxacin, gentamicin and TMP-SXT is shown
in Table 3.

Table 3. The susceptibility of staphylococcus species to ciprofloxacin, gentamicin and TMP-SXT (n/%)

Ciprofloxacin, TMP-SXT Gentamicin
MecA positive staphylococci (n=44) 34 (77) 8 (18) 19 (43)
MecA negative staphylococci (n=18) 2 (11) 3 (17) 6 (33)
p degeri <0,001 0,999 0,473
TMP-SXT: trimethoprim / sulfamethoxazole
DISCUSSION
Sepsis is a syndrome that is caused by antimicrobial treatment with rapid

uncontrollable inflammatory response against the
infection in the host and organ failure as a result.
The most common triggers in sepsis are bacterial
infections. Early diagnosis of sepsis is crucially
important in order for it to be treated before the
patient's condition deteriorates and results in death.
(8) Worldwide, 31 million cases of sepsis and 6
million deaths are reported regarding sepsis, each
year. In one out of ten patients that has access to
health services, an infection with sepsis
characteristic develops. (9) When only culture-
oriented microbiological analyzes are used in sepsis
treatment, physicians do not have time to wait for
microbiological bacteria culture results. (10) Time
is crucially important in the treatment of sepsis and
antimicrobial treatment is recommended to start in
60 minutes after the diagnosis. In the conducted
studies, it is found that every hour of delay in
antibiotic treatment after the diagnosis of sepsis,
causes 8.4% mortality in patients. (11-13) Until the
bacteria culture results of patients diagnosed with
sepsis are received, physicians should empirically
start the most extensive antimicrobial treatment
which contains antibiotics that can affect all
possible agent bacteria pathogens. As a result of
this approach, not only costs increase but also
antimicrobial resistance development is caused.
(13)

Blood culture made in the diagnosis of
sepsis is accepted as the "gold standard”. (14-17) In
the modern blood culture systems, positive signal
can be received within few days after culturing in
the bottles. It is necessary to wait a minimum of
five days before the culture bottle can be detected to
be negative. Microorganisms causing sepsis give a
positive signal in automated blood culture systems
in 90% of the cases within the first 48 hours.
However, identifying microorganisms in blood
culture that signals growth and making tests for
their antibiotic susceptibility requires an additional
few days. (16,17) Due to this crucial disadvantage
in automatized blood culture systems, use of
molecular  diagnostic methods has become
dominant on the agenda. The most practical and
the most common of these is the PCR method. (18)
There are studies indicating that mortality decreases
and various molecular methods allow early

identification/antibiotic  susceptibilities among
microorganisms growing in blood cultures.
(1,3,4,19-27)

One of the most common problems
encountered in identification with molecular
methods from blood cultures is PCR inhibition with
inhibitors in the structure of the sample and blood
culture bottles. (1,16,28-31)

In our study, the results of bacterial culture
and genotyping tests were found to be compatible.
However, it has been observed that streptococci and
enterococci can be overlooked or misidentified in
bacterial culture, especially in mixed infections.
These factors can be important causes of mortality
and morbidity. Correct identification of these
overlooked bacteria and detection of resistance
genes can allow early treatment and inhibit
spreading in the hospital. Similar to our study,
Gilhan et al. found in their study that the results
found with the genotypic method were 83.6%
compatible with phenotypic results. They also
reported that mecA and vanA resistance genes can
be detected with genotypic method and this method
can be used practically in routine diagnosis for
rapid diagnosis and treatment of sepsis caused by
gram positive cocci. (1)

Moreover, while single agent was isolated in
the samples, multiple agents were detected in 8
(11%) samples with rapid genotype test. Rapid
genotype testing was found to be more susceptible
in detecting mixed infections than bacteria culture
methods with these results. Gilhan et al. found
similar results in their study and stated that
genotyping method is more susceptible in detecting
mixed infections.

In our study, for staphylococci, which are
considered causative agents since they are grown in
both blood culture sets, methods of detecting
methicillin resistance in culture and detecting
presence of mecA with rapid genotype test methods
were found compatible. However, incompatible
results have been encountered in some samples.
MecA gene detection is considered the gold
standard in detecting methicillin resistance. (15-17)
Rapid genotype testing is much faster than the
culture method. Bacterial culture-antibiogram
analysis is closely related to the personal experience
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and attention of the laboratory worker. Therefore, it
is thought that mecA detection can be used more
frequently with rapid genotype testing to minimize
errors. In similar studies, it is reported that the
detection of the presence of the mecA gene with
methicillin resistance and genotyping in culture in
staphylococci has been found to be compatible and
that mecA gene can be detected rapidly by the
genotyping method. (1,3,27,31)

In our study, when glycopeptide resistance
and van genes were examined in enterococci; the
vanA gene was found positive in two species of E.
faecium detected as susceptible to glycopeptides
and culture antibiogram (Table 2). In two species of
E. faecium, antibiotic susceptibility testing revealed
glycopeptide resistance and vanA gene was
detected positive (Table 1). In the rapid genotype
test, glycopeptide resistance was not detected in
two species in which the vanA gene was detected
positive with VITEK2 and other conventional
antibiogram methods. Considering that the presence
of the vanA gene is the gold standard in the
glycopeptide resistance, it was found that with
genotyping method, resistance detection was easier
and quicker than bacterial culture antibiogram
methods and that major errors could be prevented.
Since the glycopeptide resistance could be detected
4-5 hours after receiving a positive signal from the
blood culture and making the gram staining, the
empirical broad spectrum antibiotic treatment will
be very short. In this case, unnecessary drug use
and glycopeptide resistance can be prevented. This
will decrease morbidity/mortality as well as patient
care costs. In the conducted studies, compatibility
was detected in enterococci with genotypic and
phenotypic analyzes. It was reported that
genotyping method can be used in the detection of
van genes. (1,3,27,31)

In recent years, there has been an increase in
staphylococcus bacteremia. With this increase,
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