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LIST OF ABBREVIATIONS AND 
SYMBOLS: 
 
DM – direct microscopy 
DDM – disk-diffusion method 
E-test – epsilometer test 
DNA – deoxyribonucleic acid 
rRNA – ribosomal ribonucleic acid 
PCR – polymerase chain reaction 
mPCR – multiplex polymerase chain 
reaction 
FISH – fluorescence in situ 
hybridization 
MALDI–TOF MS – matrix-assisted 
laser desorption/ionization time-of-
flight mass spectrometry 
MIC – minimum inhibitory 
concentration 
MRSA – methicillin-resistant S. aureus 
ESBL – extended-spectrum beta-
lactamase 
KPC – carbapenem-resistant 
K.pneumoniae 
HLGR – high level gentamicin 
resistance  

CoNS – coagulase-negative 
Staphylococcus spp. 
SVG – Viridans group Streptococcus 
spp. 
EUCAST – European Committee for 
Antimicrobial Susceptibility Testing 
CDC – Center for Disease Control 
(Atlanta, USA) 
SIRS – Systemic Inflammatory 
Response Syndrome 
MODS – multiorgan failure syndrome 
BSI – bloodstream infection 
MDR – multi- resistant strains 
AMR – antimicrobial resistance 
ECDC – European Center for Disease 
Prevention and Control 
PNA – peptide-nucleic acids 
mRDT – rapid molecular diagnostic 
tests 
VRE – vancomycin-resistant 
enterococci 
BC-GN – blood cultures with Gram-
negative microorganisms 
ASP – antimicrobial stewardship 
program 

CRGNB – carbapenem-resistant Gram-negative bacteria 
HPI – History of Present illness 
CPP - clinical pathways and procedures 
 
Standard abbreviations of antibacterial agents:  
according to https://aac.asm.org/content/abbreviations-and-conventions
 
Standard abbreviations in antimicrobial susceptibility testing: 
*according to EUCAST 
S – susceptible to a therapeutic agent isolate 
I – isolate with intermediate susceptibility to a therapeutic agent  
R – resistant to a therapeutic agent isolate 
 
Statistical designations: 
 
n – sample number  
Me - median 
R – range 
SE – standard error 
Sx̄ – standard deviation 
95% CI - 95% confidence interval 

p – statistical significance 
P % – relative share 
H – Kruskal-Wallis test value 
Z - Wilcoxon test value 
y = bx + a – linear regression equation 
of the model 
R 2 – coefficient of determination 
U – value of Mann's criterion

https://aac.asm.org/content/abbreviations-and-conventions
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INTRODUCTION: 
 

Bacteremia, fungemia, viremia, septicemia, etc. are used to describe the entry and 
circulation of pathogenic bacteria and their products in the bloodstream. These 
processes can lead to serious infections and sepsis, a severe life-threatening illness. 
Rapid diagnosis and the initiation of appropriate antimicrobial therapy are essential to 
their management. The traditional approach to the diagnosis of these infections 
includes clinical and laboratory markers - increased body temperature, tachypnea, 
tachycardia, etc., as well as isolation of the etiological agent from positive blood 
culture, which is the "gold standard" for the diagnosis of bacteremia/fungemia. 

Bloodstream infections (BSI) can be caused by a variety of microorganisms, 
including bacteria, fungi, and less frequently, viruses and parasites. This etiological 
variety vastly complicates diagnosis and treatment choice, as there is no universal 
treatment and it is dependent on the specific causative agent in each individual case. 
The modern approach to treatment requires the initiation of early empiric therapy, 
because its postponement is associated with an unfavorable prognosis for the patient. 
The rapid identification of the specific etiological agent is essential for choosing the 
optimal therapeutic approach. The global rise of antimicrobial drug resistance, 
particularly in the context of the COVID-19 pandemic, necessitates systematic 
monitoring of drug susceptibility and antibiotic use. Antimicrobial drug resistance 
studies also aim to outline current treatment guidelines for patients with 
bacteremia/fungemia and emphasize the importance of rapid diagnosis in terms of 
early antimicrobial therapy refinement. 

The most widely used methods for microbiological diagnosis of BSIs include 
microscopic (Gram staining) and culture identifying methods for identification of 
positive blood cultures. Clinical data, clinical laboratory blood tests, or Gram staining 
alone would not have sufficient specificity and sensitivity. The standard for 
confirmation of bacteremia/fungemia is the isolation of microorganisms from positive 
blood cultures. The classical microbiology testing is relatively slow (1-7 days). It 
depends on the growth and replication of the microorganisms in the culture medium. 
This necessitates the pursuit of more efficient and effective methods for isolating and 
identifying the causative agent. Nowadays, various modern techniques are used to 
reduce the time for the identification of pathogens from positive blood cultures, 
including biochemical analysis, radiometric systems, in situ hybridization techniques, 
mass spectrometry, and molecular genetic diagnostic methods. Due to their high 
specificity and sensitivity, these methods are very fast and promising. 

The current study focuses on a comparative analysis of several microbiological 
methods for rapid identification of the causative agents of bloodstream infections from 
blood cultures: 

1. fluorescence in situ hybridization (FISH test), 
2. multiplex PCR (FilmArray), 
3. mass spectrometry (MALDI–TOF MS), 
4. monitoring the etiological structure of isolates from positive blood cultures and 

their antimicrobial sensitivity. 
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Even though the studied methods are rapid and accurate, routine bacteriological 
analyses continue to rely heavily on traditional identification techniques. Methods 
based on DNA hybridization probes, PCR, or the detection of protein microbial mass 
by mass spectrometry are used to identify microorganisms quickly. These methods are 
still being thoroughly researched. Systematic studies and analyses of the effectiveness 
of their application are rare. Their advantages over conventional methods would 
benefit both microbiology laboratory work and physicians' work. 

The implementation of these modern methods into routine microbiological 
practice and hospitals would improve patient care, reduce complications, and also have 
a beneficial impact on disease outcomes. The use of modern technologies decreases 
hospital length of stay, reduces treatment costs, limits adverse drug reactions in 
patients, and reduces the incidence of nosocomial infections and antimicrobial drug 
resistance. 

Until now, no comprehensive comparative study of methods for rapid 
identification of positive blood cultures and how they would facilitate the 
identification process and, consequently, the healing process for patients has been 
conducted in Bulgaria. Their introduction into wider use would enhance the level of 
microbiological diagnostics in the country. This is the focus of the current thesis, as 
well as the long-term impact of their use on reducing healthcare costs. 

 
2. AIM AND OBJECTIVES 
2.1. AIM 
To evaluate the diagnostic capabilities of rapid microbiological identification methods 
from positive blood cultures - FISH, MALDI-TOF MS, and multiplex PCR - in 
patients with bacteremia and fungemia in order to optimize laboratory diagnostics. 
2.2. OBJECTIVES 

To achieve the aim of the doctoral thesis, the following objectives and tasks have 
been formulated: 

1. To conduct an ambispective study (retrospective and prospective analysis) on 
the changes in the etiological structure of the isolates from positive blood cultures in 
the Plovdiv area between 2015 and 2020 in order to evaluate the applicability of the 
methods used for quick microbiological diagnosis. 

2. To analyze the antibiotic susceptibility of isolates from positive blood cultures 
associated with bacteremia/fungemia, focusing on the value of genetic techniques for 
detection of antibiotic resistance. 

3. To compare and evaluate the diagnostic effectiveness of multiplex PCR, 
MALDI-TOF MS, and FISH for more precise and rapid microbiological diagnosis of 
positive blood cultures in contrast to standard microbiological testing. 

4. To evaluate the health and economic impacts of applying rapid diagnostic 
approaches to patients with bacteremia/ fungemia; 

5. To propose an optimized diagnostic algorithm for faster and more effective 
microbiological identification of positive blood cultures. 
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3. MATERIALS AND METHODS 
3.1. MATERIALS 
3.1.1 Subject of observation are the results of the microbiological testing of positive 
blood cultures from patients with a suspected bloodstream infection. 
3.1.2. Units of observation 
3.1.2.1. Logical unit of observation – every patient with bacteremia/fungemia, 
admitted to the clinics and units of the University Hospital „St. George“ - Plovdiv.  
3.1.2.2. Technical unit of observation - The study was conducted at the Department 
of Medical Microbiology and Immunology „Prof. Dr. Elissay Yanev“ at the Faculty of 
Pharmacy and the Innovative Diagnostic Methods Unit at the Research Institute at the 
Medical University - Plovdiv (RIMU), as well as at the Laboratory of Microbiology at 
University Hospital „St. George“ - Plovdiv. 
3.1.2.3. Features of observation 
• Data from the clinical examination of patients for the presence of symptoms of 

BSI; 
• Data from microbiological testing of positive blood cultures and the 

antimicrobial susceptibility of isolates from patients with BSIs; 
• Results from microbiological diagnostic testing of selected patients using FISH, 

MALDI-TOF MS, and multiplex PCR. 
• Analyzing information on the patient's gender, age, length of hospital stay, 

number of bed-days, clinical pathway, duration of antibiotic therapy, number of 
antibiotic treatment days, and hospitalization costs. 
3.1.4. Collaborators of the observation- the study was performed by the PhD student 
under the guidance of the scientific supervisor and the Head of the Department of 
Medical Microbiology and Immunology „Prof. Dr. Elissay Yanev“. The routine 
(conventional) microbiological diagnosis of patients with clinical and laboratory data 
for bacteremia/fungemia also involved the doctors working at the Laboratory of 
Microbiology at the University Hospital „St. George“ - Plovdiv: Assoc. Prof. Tihomir 
Dermendzhiev, MD, Assoc. Prof. Maria Atanasova, MD, Veselina Kirina, MD, Petya 
Gardjeva, MD, Lalka Koycheva, MD, Eli Hristozova, MD, Atanaska Petrova, MD, 
Zoya Rachkovska, MD, and Yordan Kalchev, MD.  
3.1.5. Time of observation - The study covers a period of 5 years and 8 months: from 
January 2015 to August 2020. 
3.1.6. Study design – The present study is ambispective. In its main part, it is 
prospective (January 2017 - August 2020) and retrospective during the period 2015-
2016. Data from all received samples (blood cultures) for the period January 2017 - 
August 2020 were used to determine the etiological structure and antimicrobial drug 
resistance of the microorganisms causing bacteremia/fungemia (Objectives 1 and 2). 
From the obtained samples, for the implementation of Objective 3, based on the set 
inclusion and exclusion criteria (item 3.1.6.1), 216 patients with bacteremia/fungemia 
were selected, who were divided into 3 groups of 72 persons, depending on the applied 
method for rapid microbiological diagnosis. A diagnostic algorithm for direct 
identification of pathogens from positive blood cultures by mass spectrometry was 
applied to 77 of these patients. 

The data of 115 patients meeting the inclusion and exclusion criteria and 
collected from the Clinic of Anesthesiology and Intensive Care (ICU) at University 
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Hospital „St. George“- Plovdiv were analyzed to determine the economic impact and 
diagnostic potential of applying quick methods for the diagnosis of 
bacteremia/fungemia. The hospital database provided data on patient characteristics, 
and variables used in the research were electronically obtained from the unique history 
of present illness of each sampled observational unit. Patient length of stay, therapy 
and outcome, cost of clinical pathways and clinical procedures, cost of antibiotic 
treatment, average patient cost, cost per bed-day, and cost of diagnostic tests were all 
collected (Objective 4). The collected information was coded and entered into 
electronic databases. The analysis and interpretation of the results provided the basis 
for the creation of a model-optimized diagnostic algorithm (Objective 5). 
3.1.6.1. Patients selection - Blood samples (blood cultures) from patients admitted in 
the following clinics of University Hospital „St. George“ - Plovdiv are used in the 
study: Anesthesiology and Intensive Care, Infectious Diseases, Pediatrics, Cardiac 
Surgery, Cardiology, Hematology, Oncology, Neurosurgery, Surgery, and Internal 
Medicine. These patients had symptoms of a bloodstream infection. The following 
inclusion and exclusion criteria were adopted for the selection of patients and samples 
to be included in the current study: 
Inclusion criteria for patients: 
● Patients of any age group; 
● No limits on associated non-infectious disorders; 
● Presence of ≥ 2 of the following symptoms: 

- leukocytes > 12000 cells/µL or < 4000 cells/µL or > 10% neutrophilic granulocytes, 
(values for children determined for the appropriate age); 
- body temperature > 38ºС or < 36ºС; 
- heart rate > 90 beats per minute (values for children determined for the appropriate 
age); 
- respiratory frequency: > 20 breaths per minute; PaCO2 < 32mm Hg (values for 
children determined for the appropriate age); fluctuating temperature; 
● Blood was taken before starting antimicrobial therapy or 24 hours after 

administration of the latest dose of antibiotic/antimycotic drug, and if there were no 
other options - immediately before taking the next dose. 

Exclusion criteria: 
● Blood was taken without complying with aseptic and antiseptic conditions; 
● Blood from adult patients was collected in only one bottle of blood culture 

medium; 
● Blood was taken from patients presenting with only one of the indicators or with 

no indicators. 
4.1.6.2. Collection, transportation, and storage of biological materials – Blood for 
blood culture was collected into two blood culture media compatible with the 
BacT/ALERT 3D-60 device (bioMérieux, France) - one for aerobic cultivation and 
one for anaerobic cultivation for adult patients. There was only one aerobic medium 
for blood collection from children. Blood culture samples from patients with clinical 
and laboratory data of BSIs were taken by venipuncture under aseptic and antiseptic 
conditions and transported as quickly as possible to the Microbiology Laboratory at 
University Hospital „St. George“ - Plovdiv and the Department of Medical 
Microbiology and Immunology „Prof. Dr. Elissay Yanev“ at Medical University - 
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Plovdiv. Blood bottles (blood cultures) were cultivated on a BacT/ALERT 3D-60 
system (bioMérieux, France) following sample registration. It is an automated system 
for the cultivation and detection of microbial growth into blood cultures from primary 
sterile materials. The system uses patented colorimetric technology and each sample 
is cultured within 7 days of receipt. At the bottom of the nutrient medium is a built-in 
sensor that changes color when the pH of the medium changes. The color change is 
detected by an optical system that is unique to each nest and signals the presence of 
growth in real time. (Bruins et al. 2005) . 

3.2. METHODS 
Following the positivity of the blood cultures by the automated system BacT/ 

ALERT (bioMérieux, France), microscopic slides, standard culture methods, and 
sample identification using the methods FISH, MALDI TOF MS, and multiplex PCR 
were performed. They were applied to 216 blood cultures from patients who met the 
criteria and divided into four groups based on the method used for rapid 
microbiological diagnosis. 
3.2.1. Routine methods of microbiological analysis - Traditional microbiological 
diagnosis of positive blood cultures include microscopic examination, cultivation, and 
identification of microorganisms. 
3.2.1.1. Microscopy examination - To perform microscopy testing, two microscopic 
slides were prepared by adding a drop of blood from the positive blood culture, which 
were then dried at room temperature before being fixed three times over the flame of 
lamp. The prepared microscopic slides were stained by Gram and Löffler methods. 
The slides were observed under a 100-magnification with light microscope. 
3.2.1.2. Routine culture identification methods - For the primary cultures (culture 
testing) of the positive blood cultures, appropriate selective and non-selective growth 
media were used - 5% blood agar, Levine's agar (Eosin-methylene blue), ChromAgar 
Candida, as well as enrichment liquid medium - thioglycolate broth. For anaerobic 
microorganisms, Zeissler and Schedler agar were used. Cultivation was carried out in 
an aerobic/anaerobic environment. The primary cultures were incubated at 35°C  
20°C for 24 hours before the sample was interpreted. When a positive culture result 
was obtained, the pathogen was identified using routine biochemical tests (plasma-
coagulase test, catalase test, optochin test, oxidase test, spotted lines, and etc.), semi-
automated (Analytical Profile Index - API, bioMereux, France), and/or automated 
systems (VITEK 2 System, bioMerieux, France). 
3.2.2 In vitro tests for determining the antimicrobial susceptibility of the isolates - 
Determination of antibacterial/antimycotic sensitivity was carried out after 
identification of the genus and species of the microorganisms. The following methods 
were used to determine antimicrobial susceptibility: 
1. Bauer-Kirby disc diffusion method (DDM): tests were performed and interpreted in 
accordance with the recommendations of The European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) for the respective year (www.eucast.org). 
2. Determination of minimum inhibitory concentrations (MIC) by gradient method: the 
method was used for Vancomycin, Teicoplanin, Colistin, Penicillin G, Meropenem, 
Imipenem, Itraconazole and Anidulafungin with MIC Test Strip (Liofilchem, Italy). 
The performance of the tests and the reporting of the results were done in accordance 
with the manufacturer’s recommendations and the latest EUCAST document version. 



 

9 
 

3. The double-disc synergism test, as described by EUCAST, was used to determine 
the production of extended-spectrum β-lactamase (ESBL). 
4. A modified Hodge test was used to determine carbapenemase production and the 
tests were performed and interpreted according to the instructions. 
5. Determination of minimum inhibitory concentrations (MIC) by the broth micro-
dilution method (BMD): the method was used to determine the reference MIC of 
Colistin, Vancomycin, Teicoplanin (Microlatest, Erba Lachema, Czech Republic). The 
tests were performed in accordance with the recommendations of The Clinical & 
Laboratory Standards Institute (CLSI) and EUCAST, as well as in accordance with 
ISO 20776-1. 
6. Automated system VITEK-2 (bioMérieux) for determination of minimum inhibitory 
concentrations (MIC). 

The interpretation of the zones of inhibition in DDM and the MIC values using 
the E-test or microdilution test (MDT) were performed in compliance with the current 
version of EUCAST at the time of reporting (Rules 2018). The manufacturer's 
instructions were followed for all antimicrobials test storage requirements. The 
antibiotics used are subject to regular and mandatory internal control via standard 
strain testing. Polyresistant isolates are sent for confirmation to the National Reference 
Laboratory for Control and Monitoring of Antibiotic Resistance at the National Center 
of Infectious and Parasitic Diseases (NCIPD) in Sofia, Bulgaria. 
3.2.3 Modern methods for identification of pathogens from positive blood cultures 
3.2.3.1 Molecular-genetic methods - Using a FilmArray device (Biofire, bioMerieux, 
France), via molecular-genetic analysis multiplex polymerase chain reaction (mPCR) 
was used for in-vitro rapid diagnosis on 72 samples. It is a closed system containing all 
the reagents necessary for the steps of extraction, amplification, and detection of the 
target genes of the microorganisms included in the panel. The test can detect 24 
pathogens and three antibiotic resistant genes. The sample is taken directly from the 
positive blood culture (100 µl), mixed with buffer, and inoculated into the panel. A 
specialized software program is used to process the result, which is obtained in 70 
minutes. When both internal controls are passed, a form is generated with the patient's 
data, the date of the examination, and the result recorded on it. 
3.2.3.2. Fluorescence in situ hybridization by QuickFISH BC test (AdvanDx, 
USA). The AdvanDx's PNA FISH method was introduced in the microbiology 
laboratory of University Hospital „St. George“ - Plovdiv in 2015. Following a positive 
signal from an automated system BacT/ALERT 3D-60 (bioMérieux, France), 
phenotypic preliminary pathogen identification is performed using Gram staining. 
QuickFISH BC is a multicolor qualitative test for fluorescence in situ hybridization of 
nucleic acid by specific probes for the detection of Gram-positive bacteria (S. aureus, 
Coagulase-negative staphylococci, E. faecalis, E. faecium), Gram-negative bacteria (E. 
coli, P. aeruginosa, K. pneumoniae) and fungi (C. albicans, C. parapsilosis and C. 
glabrata). As soon as the presence of a microorganism has been confirmed by Gram 
staining, the test is initiated. 100-150 µl of blood are added to an AdvanDx filter 
microtube to remove the antibiotic via the neutralizing ion exchange resins contained 
in the blood culture media. Ten microliters (10 µl) of the thus purified sample is 
transferred to the center of an AdvanDx slide previously placed on a thermal block at 
55°C ± 1°C. The samples are fixed with two suspensions (Quick Fix 1 and Quick Fix 
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2). One drop of PNA blue and one drop of PNA yellow (which contain, respectively, 
fluorescein-labeled probes for species-specific rRNA sequences) are combined with 
the sample after it has been fixed on the slide. A consistent green color is produced by 
combining the two reagents. The coverslip is placed on the specimen and the 
hybridization is performed on a thermal block at 55°C ± 1°C for 15 minutes. The 
samples are then observed at ×100 magnification with a fluorescence microscope 
(Nikon Eclipse 80i). Depending on the test that is being done, certain microorganisms 
produce fluorescence in different colors, including yellow, red, and green. Positive and 
negative controls are already present on QuickFISH slides and are read along the 
sample. Every type of the following bacteria is represented by a different fluorescence 
color in the positive control: 
- green: E. coli, S. aureus, E. faecalis and C. albicans; 
- red: CoNS, P.aeruginosa, E. faecium and C. tropicalis 
- yellow: K. pneumoniae and C. glabrata. 
Negative controls do not fluoresce. 
3.2.3.3. MALDI-TOF MS analysis using a Vitek®MS (bioMerieux, France): an 
automated microbial identification system based on an innovative technology - Matrix-
Assisted Laser Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-
TOF MS). Each sample was processed through the system in 2 ways. 
The first was by the standard MALDI-TOF MS culture test for detection of the 
microorganism. 
Sample preparation consists of the following steps: 

1. Microorganisms from the positive blood culture are placed directly on the 
identification slide, on which a ready matrix solution is added. A different matrix is 
applied depending on whether a bacteria or a fungi is to be identified (VITEK-MS-
CHCA – for bacteria, VITEK-MS-FA – for fungi). After inserting the slide into the 
Vitek MS system, the identification process starts by counting the protein microbial 
mass, which is shown in peaks. 

2. The Vitek MS database has a large number of clinically significant 
microorganisms (>2000 species). By comparing the spectrum obtained from the 
MALDI-TOF MS analysis to the spectra in the Vitek MS database specific to the 
species, genus, or family of known microorganisms, microbial identification is 
accomplished. 

To achieve adequate results, the system combines high resolution and mass 
spectrometry sensitivity (> 10k Dalton) (Oh et al. 2007). Algorithms for rapid direct 
identification of positive blood cultures have been described in the literature and are 
still being investigated (Rodríguez-Sánchez et al. 2014; Stevenson et al. 2010; Thomin 
et al. 2015; Jamal et al. 2013; Ferreira et al. al. 2011; Bazzi et al. 2017; Ceballos-
Garzón et al. 2020; Carine Marinach-Patrice et al. 2010; Verroken et al. 2016). 

The second algorithm used in the study was introduced and modified personally 
by the PhD student. For this purpose, the VITEK® MS BLOOD CULTURE KIT 
RUO was used, which contains a selective lysis solution for dissolving blood cells 
from a positive blood culture while keeping the microorganisms intact. A washing 
buffer containing sodium phosphate and sodium chloride is also used in the reaction. 
The method is performed in several sequential steps shown in Figure 1: 
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Fig. 1. Modified algorithm for direct identification of blood cultures by MALDI-TOF 
MS. 

 
3.2.4. Documentary method - a detailed retrospective study was performed on the 
available documentation for all received samples (blood cultures) in the laboratory and 
information for all corresponding patients, microbiological isolates, time of work, 
research methods, hospital length of stay, treatment of the patients, and clinical 
outcomes.  

3.2.5. Statistical methods 
Primary data were organized, processed, and analyzed as quantitative and qualitative 
variables using IBM SPSS Statistics version 26. Graphical analysis was performed in 
MS Excel Office 365. A p<0.05 was considered statically significant for all tests.  
The following statistical methods were used to process the collected data: 
1. Descriptive statistics: 
• Descriptive statistics for quantitative variables – to describe, aggregate, and display 

quantitative variables. Normally distributed data are presented as mean ± standard 
deviation (SD), while in lack of normal distribution, data are presented using 
location measurements – median (Me) and 25th and 75th percentiles. 

• Descriptive statistics for qualitative variables – absolute and relative frequencies, 
presented as simple numerical values (n) and as a relative proportion (%), 
respectively. 

2. Statistical hypothesis testing 
• parametric analysis: 
t-test – to compare the means between two unrelated/paired samples on the same 

continuous variable; 
z-test – to compare relative proportions, with Bonferroni correction for all pairwise 

comparisons.  
One-way ANOVA – to identify any statistically significant differences between the 

means of more than two unrelated groups. 
• non-parametric analysis: 
Shapiro-Wilk test or Kolmogorov-Smirnov test – to check consistency between 

empirical and theoretical distribution. 



 

12 
 

Kruskal-Wallis /H/ test – to determine if there are statistically significant differences 
between two or more independent variables of equal or different sample sizes. 

Chi-square (χ2) Pearson's test – to study the association between two categorical 
variables measured on a nominal scale. 

Mann-Whitney U test – to compare differences between two independent groups when 
the variable is either ordinal or continuous, but not normally distributed.  

Wilcoxon signed ranks test – to compare two related samples, matched samples, or 
repeated measures of the same sample; does not assume normality in the data. 

Bonferroni correction - to control for Type I error in pairwise comparisons of a 
variable with more than two categories/groups. 

Jonckheere-Terpstra test - rank-based nonparametric test determining a statistically 
significant trend between an ordinal independent variable and a continuous or 
ordinal dependent variable; tests for an ordered difference in medians, where the 
direction of that order must be predefined 

3. Diagnostic Testing Accuracy: Sensitivity (Sen).  
4. Time series analysis – to analyze the trend in a sequence of data points collected 

over an interval of time; R2 to determine the predictive power of the model. 
5. Graphical analysis – boxplots, pie charts, bar charts, trends. 
Frequency tables were used to display the findings of the analyses that were 

performed. These tables included the following information: 
• absolute frequencies – the number of units in a separate group; 
• relative frequencies – the number of units in an individual group, referred to the 

total number of units. 
*** Appendix: The materials and methods used in Objective 4 are described in the 

respective chapter of the thesis. 
 
 
4. RESULTS AND DISCUSSION: 
4.1. Task 1: Ambispective study of changes in the etiological structure of isolates 
from positive blood cultures in the Plovdiv region for the period 2015-2020. 
 

Blood cultures from 10,173 patients were received for microbiological testing 
from January 2015 to August 2020 in the Laboratory of Microbiology at University 
Hospital „St. George“ - Plovdiv. The study used one sample per patient (one set of 
blood cultures). Recurring requests, samples, and results were not included in the 
analysis. A cross-sectional study of patients was performed. During the study period, 
there was a tendency toward more blood culture samples being received, with an 
average yearly increase of 239 samples (Figure 2). Annually, the laboratory received 
1695.5 blood cultures on average, with a 16.6% average rise. 
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Fig. 2. Distribution of received blood cultures by year. 
y = bx + a linear regression equation of the model 

R2 – coefficient of determination 
 

The research study included 4436 women and 5737 men, or 56.4% and 43.6%, 
respectively (z=18.3; p=0.000). The men have a statistically significantly higher 
relative share. Throughout the follow-up period, the statistics show a homogeneous 
distribution of materials by gender. Men were seen in larger numbers in 2015. A 
consistent convergence of the values by gender was observed over the duration of the 
study. The risk of mortality for a patient may depend partly on their gender. Various 
studies provide different data about whether men or women are at a higher risk of 
developing a septic condition and, accordingly, a fatal outcome. Comorbidities, age, as 
well as the patient's condition and diagnosis, all have a role. All significant 
epidemiological studies of ICU patients with bacteremia/fungemia have consistently 
found a male predominance (Sakr et al. 2013; Martin et al. 2003; JL Vincent et al. 
2009; J.-L. Vincent et al. 2006). There is no apparent explanation for why this 
behavior is so common. The epidemiological and pathogenic reasons related to gender 
differences and the incidence of bloodstream infections require further study. The 
patients' average age was 54.9 years (10.9 years; 71.4 years). Age is not distributed 
normally. The age groups 0-14 years and 60-74 years had the highest relative share, 
with a trend of more frequent affecting of the patients in the age groups 15-44 years 
and 45-59 years observed in the last two years of the study. These findings are 
consistent with research indicating that the risk of developing bacteremia or fungemia 
rises throughout infancy, declines during childhood and working age, and then 
rises again after the ages of 50 to 60 (DC Angus et al. 2001; DCM Angus et al. 2001; 
Dombrovskiy et al. 2007; Uslan et al. 2007; Fowler et al. 2007; Skogberg et al. 2008).  

Samples were most often received from the clinics of Anesthesiology and 
Intensive Care, Pediatrics, Hematology, Medical Oncology, Nephrology and Dialysis 
Treatment, Pediatric Surgery, Pulmonology and Phthisis, Surgical Clinics, Cardiology, 
as well as from the Infectious Diseases Clinic of University Hospital “St. George” - 
Plovdiv. Due to the large number of clinics and departments, they are grouped based 
on the specifics of the activity they do and the patients they serve. 

There were 3,166 (31.1%) isolated bacterial and fungal pathogens with a wide 
etiological diversity among the 10,173 blood cultures submitted for microbiological 
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testing. In 2019 and 2020, there was a tendency for more samples to be received. 
Despite this increase, the positive/negative blood culture ratio has stayed nearly the 
same throughout the years (Figure 3) and isolability of microorganisms has remained 
reasonably stable and barely altered (p > 0.05). 

 

 
Fig. 3. Ratio of positive/negative blood cultures for the duration of the study. 

 
Bacteria dominate fungi among the isolated microorganisms, with Gram-positive 

bacteria predominating (Figures 4 and 5). Our results coincide with significant 
multicenter surveys (Wisplinghoff et al. 2004; Trovato 2020; Weiss et al. 2015; 
Anderson et al. 2014; Kirsi Skogberg et al. 2008). Additionally, for the years 1997 to 
2014, the National Center of Infectious and Parasitic Diseases (NCIPD) reported data 
that are similar to ours. During the study period, we noticed a rise in the number of 
Gram-negative bacteria, which we primarily ascribe to the lower sanitary and hygienic 
levels in Bulgarian hospitals compared to those in Western countries and the rising 
frequency of infections associated with medical care. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Distribution of the isolated 
microorganisms from the examined 

blood cultures % (n). 
 

 
 
 
 
 
 

 
 
 
 
 
Fig. 5. Distribution of identified 
microorganisms % (n) 

 
 

In all groups of microorganisms (Gram-positive, Gram-negative bacteria and 
fungi), the proportion of isolated microorganisms remains relatively constant. For the 
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duration the study, fungemia averaged around 2%, with an increase in the number of 
fungal isolates seen in 2019 (Figure 6). 

 

 
Fig. 6. Dynamics of the groups of microorganisms isolated from positive blood 

cultures during the period 2015 - Aug. 2020. 
 

The CoNS group of Gram-positive bacteria, which are typically regarded as 
potential contaminants, made up the majority of the isolated bacteria over the course of 
the study. Isolates showed a decreasing tendency in 2017, 2018, and also in 2020. Data 
for the last year of the research period are incomplete, therefore this decrease in CoNS 
is thought to be temporary. S. epidermidis and S. haemolyticus were the most 
frequently isolated species of CoNS. In order to avoid overprescribing antibiotics, it is 
crucial in clinical practice to determine if these isolates are "true causative agents" of 
bacteremia or contamination (Rogers et al. 2009; Rahkonen et al. 2012; Elzi et al. 
2012). The substantial increase of CoNS isolated from positive blood cultures, 
combined with the lack of diagnostic criteria for the bacteremia caused by them, 
demands more attention. Because of relatively mild, perhaps nonexistent symptoms, 
and uncertain laboratory criteria and interpretations, this bacteremia presents a 
challenge for clinical practice (Rahkonen et al. 2012; Von Eiff et. al. 2002). Different 
information and definitions are utilized in the literature to characterize bacteremia 
caused by coagulase-negative staphylococci.  

Regardless of the criteria, the unique approach to the patient, clinical symptoms, 
and the clinician's skill in reading them are the most important factors in interpreting 
laboratory data. Before beginning treatment, patients with coagulase-negative 
staphylococci isolated from positive blood cultures should undergo a thorough 
evaluation to prevent overuse of antibiotics and the associated rise in antibiotic drug 
resistance in hospitals. We attribute the increased prevalence of CoNS in our study to 
two factors: incorrect sampling and the probability of the emergence of novel, invasive 
strains in immunocompromised organisms. The decrease in their frequency over the 
duration of the study was a positive trend, most probably due to training of medical 
workers about blood collection and handling other clinical materials. In order to 
prevent overdiagnosing patients, the rules regarding asepsis and antisepsis must be 
properly followed when taking clinical samples for microbiological testing. 

The second most common Gram-positive bacterium over the course of the study 
was S. aureus (n=222; 7%). It showed a relatively constant trend with a subsequent 
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decline in the number of blood cultures from which S. aureus was isolated in 2019 and 
2020 (Figure 7). Staphylococcus aureus continues to be a significant problem and has 
a persistently high incidence both locally and nationally. According to data from the 
Bulgarian Surveillance Tracking Antimicrobial Resistance (BulSTAR) 
(http://www.bam-bg.net), S. aureus has occupied one of the three leading places 
among isolates from positive blood cultures in our country over the last ten years. Per 
the current study's data, there has been a minor decrease in its frequency over the last 
two years, which we regard to be a promising trend. Similar information was reported 
by the ECDC, other European counties, as well as other Bulgarian hospitals 
(Popivanov et al. 2017; Stoeva et al. 2016; Gagliotti et al. 2021 ). 

Over the course of the study, there was an increase in the number of cases of 
bacteremia caused by Enterococcus spp. The species E. faecium n=68 (2.2 %) and E. 
faecalis n=131 (4.1 %) were dominant over the other members of the genus. A trend 
towards an increase in the prevalence of E. faecalis as a causative agent of 
bloodstream infections was observed (Figure 8). It is comparable to S. aureus levels 
and two times more prevalent than S. pneumoniae, which is typically regarded as the 
third most common cause of bacteremia worldwide (Wilson et al. 2011; Uslan et al. 
2007). The research highlights this as a positive trend regarding S. pneumoniae 
immunization practices on the one hand and at the same time an alarming trend due to 
the rise of infections caused by enterococci. 

 
 
 
 

 

 

 

 

 
 
The majority of the isolated Gram-negative rod-shaped microorganisms are 

members of the Enterobacterales order, while non-fermenting Gram-negative bacteria 
and others are isolated in a lower relative percentage (Figure 9). Klebsiella 
pneumoniae is the most common isolated bacteria from the Enterobacterales order. 
From 2016 to 2018, a decrease in the frequency of isolates of this species was 
reported. In this period, Enterobacter spp. (2016) and Escherichia coli predominated 
(2017, 2018). A new peak of Klebsiella pneumoniae isolates were seen in 2019 and 
persisted throughout 2020. For the duration of the study, E. coli remained in roughly 
similar proportions as the causative agent of bacteremia. In 2017 and 2018, it was the 
leading causative agent, with a new increase in isolates reported in 2020. From the 
Enterobacter spp. order, the species E. cloacae complex and E. aerogenes (currently 
K. aerogenes) dominated. E. cloacae complex had a leading role. Compared to prior 
years, 2020 showed a substantial decline in isolates and a negative trend in isolability. 

Fig. 7. Relative proportions and trend 
of Staphylococcus aureus isolates 
 

Fig. 8. Relative proportions and trend of 
Enterococcus isolates 
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Proteus mirabilis and Serratia marcescens maintained similar prevalence throughout 
the research period. An increase in the number of isolates of Serratia marcescens was 
observed in the last year. These trends are shown in Figure 10. 

 

 
 

Fig. 9. Prevalence of isolated Gram-negative microorganisms. 
 
 

 
Fig. 10. Relative proportions and trend of Enterobacterales isolates for the period 

January 2015 - August 2020. 
 

The high incidence rate of bacteremia caused by Klebsiella pneumoniae and its 
role as a predominant pathogen is significant. This has been established by a number 
of multicenter studies on Gram-negative microorganisms associated with bloodstream 
infections (K. Skogberg et al. 2012; Madsen et al. 1999; Uslan et al. 2007; Wilson et 
al. 2011). The number of Klebsiella spp. isolates in our study exceeded E. coli as well 
as non-fermentative microorganisms (P. aeruginosa and A. baumannii). In terms of 
prevalence, it was the third most common reason for bacteremia at University 
Hospital „St. George“ - Plovdiv. These findings are in contrast to studies on the 
etiology of bloodstream infections caused by bacteria conducted in different hospitals 
around the country, which found that E. coli is the leading etiological agent among 
Gram-negative bacteria (Popivanov et al. 2017, Stoeva et al. 2016). In-depth 
investigation is required to determine the connection between this high incidence and 
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the hygienic conditions in the hospital. The rising number of bacteremia cases caused 
by Enterobacter spp., particularly E. cloacae complex (ECC), is a concerning trend. 

Among Gram-negative non-fermentative bacteria, the most common pathogens 
were Acinetobacter baumannii (n=160; 5.1 %) and Pseudomonas aeruginosa (n=69; 
2.2 %). They maintained significantly high levels of isolation throughout the research 
period. Over the course of the study, P. aeruginosa prevalence rates were generally 
high, with a distinct peak in 2017 (Figure 11). The results of this analysis on their 
prevalence are comparable with the data in BulSTAR (http://www.bam-bg.net), which 
is gathered and published by the National Center for Disease Control and Prevention 
from. Our findings are consistent with several other international publications 
(Antunes et al. 2014; Gu et al. 2021; Russo et al. 2019; Chernenkaya et al. 2013; 
Wisplinghoff et al. 2004; Blot et al. 2009; Muñoz et al. 2008; Medugu and Iregbu 
2016; T. Singhal et.al. 2016; Khurana et al. 2018; Diekema et al. 2019; Martin et al. 
2003; Angus et al. 2001). The increasing multidrug resistance of these two 
microorganisms makes them a global problem. 

 

 
Fig. 11. Relative proportions and trend of isolated Acinetobacter baumannii and 

Pseudomonas aeruginosa for the period 2015 – August 2020. 
 

Analysis of the fungi showed that fungi belonging to the Candida genus are the 
main causative agents of fungemia. Candida non-albicans species dominate Candida 
albicans and other fungi in the isolates (n=45; 52.3%), such as Rhodotorula 
mucilaginosa, Trichosporon beigelii, etc. Bloodstream infections caused by fungi 
have significantly increased globally over the last 20 years and now they are 
responsible for considerable infectious complications in hospitalized patients. 
Candida spp. are the fourth leading cause of nosocomial BSIs in the US and the sixth 
in Europe (Caggiano et al. 2015; DJ Diekema et al. 2003; Daniel J. Diekema et al. 
2019; Wisplinghoff et al. 2004) . In our study, fungemia remained relatively constant 
in incidence – approximately 3%. In contrast to these findings, an increase in their 
incidence is observed in other hospitals in Bulgaria (Popivanov et al. 2017) . On the 
other hand, our results correspond to the world trends that the most common isolate of 
the Candida genus is C. albicans, but the group of Candida non-albicans prevailed as 

http://www.bam-bg.net/
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causative agents of fungemia (Caggiano et al. 2015; Alkharashi et al. 2019; Yang et 
al. al. 2014; Kotey et al. 2021). 

 
4.2. Antibiotic susceptibility of blood culture-positive isolates associated with 
bacteremia/fungemia, with emphasis on the value of genetic methods for 
detection of antibiotic resistance. 
 

Determining a microorganism's sensitivity to antimicrobial therapeutic drugs is 
one of the clinical microbiology lab's most essential tasks. The purpose of in vitro 
susceptibility testing is to define a particular antimicrobial agent for treatment of a 
patient with an infection that has been etiologically confirmed. Susceptibility testing, 
on the other hand, is necessary to identify and monitor drug resistance in the bacteria 
that cause infection. 

The susceptibility of Staphylococcus aureus blood culture isolates remained 
constant throughout the period of observation. Figure 12 illustrates the findings of the 
study regarding clinically relevant antibiotics. Throughout the duration of the study, 
an average of 73.7% of the tested isolates were resistant to penicillin. In 19.2% of 
them was detected methicillin-resistant S. aureus (MRSA). In the last two years of the 
study, there was a decreasing trend among MRSA strains. Such evidence has also 
been reported from a few Western European countries, and this is probably related to 
the effective implementation of broad infection control programs, which aimed to 
reduce the prevalence of MRSA (Kraker et al. 2013). Apart from 2015, when it was 
close to 50%, susceptibility to the tested macrolides-lincosamides-streptogramins 
antibiotics (MLS-phenotype resistance) was relatively constant (76.1% – 88.9%) over 
the years. The resistance to Erythromycin is slightly higher than the resistance to 
Clindamycin. A single S. aureus strain that was resistant to Vancomycin, Teicoplanin, 
and Tigecycline was identified in 2016 for the whole duration of the research. All 
other isolates showed no resistance to the glycopeptide antibiotics (Vancomycin, 
Teicoplanin), Linezolid, or Tigecycline (Figure 12). 

 

 
Fig. 12. Antibiotic susceptibility of S. aureus isolated from positive blood cultures 
during the period 2015 – August 2020. 
 

Bacteremia caused by coagulase-negative staphylococci is becoming 
increasingly more common. Based on our analysis of the data, we found that CoNS 
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have extremely high levels of antibiotic resistance, thus limiting treatment options. On 
the other hand, the presence of these bacteria in healthy individuals makes their 
transmission and the development of antibiotic resistance easier. Because of this, we 
believe it to be necessary to examine their roles as the primary agents responsible for 
bacteremia in greater detail and depth. Over the duration of the study, methicillin-
resistant strains were found in 80.0% of isolates, which was significantly higher than 
S. aureus (19.2%). There was MLS-type resistance in over 70% of CoNS isolates. 
This trend persisted throughout the duration of the research. Clindamycin showed a 
higher sensitivity than erythromycin. Amoxicillin-clavulanic acid sensitivity has also 
remained relatively low over the years. Sensitivity to sulfonamides, fluoroquinolones, 
tetracyclines, and aminoglycosides is relatively maintained. Single isolates with 
intermediate susceptibility or resistance to Vancomycin, Teicoplanin, Linezolid, and 
Tigecycline have been identified over the years. 

Although S. pneumoniae had a 68.6 % penicillin resistance frequency, it still 
responded well to the third generation cephalosporins tested (100% sensitivity to 
Cefoxitin and 87.1% sensitivity to Ceftriaxone). Approximately 20% of the isolates 
were resistant to both Erythromycin and Clindamycin, resistance to Erythromycin 
being significantly higher. The resistance of pneumococci to sulfonamides, 
aminoglycosides, and fluoroquinolones was between 10% and 15% over the duration 
of the study. Tetracycline intermediate sensitivity was reported to be quite high at 
9.4%. Linezolid and rifampicin-resistance isolates were not found. Only a single S. 
pneumoniae isolate was found to be resistant to the glycopeptide antibiotics tested 
throughout the entire study. The remaining isolates were of preserved sensitivity. 

In the group of beta-hemolytic Streptococcus spp., resistance to the antibiotics 
Tetracycline (85.8%), Erythromycin (27.3%), Clindamycin and Chloramphenicol 
(each 20%) was the most common. Over the course of the study, 9.1% of the 
tested isolates were resistant to penicillins. In particular, fluoroquinolones, 
sulfonamides, and glycopeptide antibiotics all showed a sensitivity of 100%. 

Trimethoprim-sulfamethoxazole and Levofloxacin had the highest resistance 
rates (57.1%) among antibiotics tested against Viridans group streptococci (VGS). Up 
to 55% of VSG were resistant to Tetracycline, 46.3% to Erythromycin, and 23.2% to 
Clindamycin. Less than 50 % of the isolates were resistant to Penicillin (36.4%), 
Ceftriaxone (32.4%), and Ampicillin (31.0%). Rifampicin, Ampicillin, Clindamycin, 
Erythromycin, and Trimethoprim-sulfamethoxazole show intermediate sensitivity. No 
isolates resistant to glycopeptides and Linezolid were found. 

The rate of resistance to fluoroquinolones (over 70%) and Ampicillin (60.6%) 
was highest for Enterococcus spp. (Figure 13). Throughout the period, 65.1% of 
isolates showed high-level resistance to Gentamicin (HLAR). One of the isolates 
showed resistance to Teicoplanin and Linezolid. Vancomycin resistance is present in 
4.5% of the tested enterococci. 
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Fig. 13. Antibiotic susceptibility of Enterococcus spp. isolated from positive blood 

cultures for the period 2015 - August 2020. 
 

Changes in the epidemiology of enterococcal infections, as well as the 
emergence and spread of multidrug-resistant strains, have been observed globally in 
recent years. They are rising rapidly. Vancomycin resistance is increasing in several 
European countries (Werner et al. 2008; Willems and Bonten 2007). In hospitals, 
Enterococcus faecium is the most common pathogen. Our research corresponds to a 
study conducted in the Pleven region (Popova et al. 2016). According to a report by 
EARS-Net for the period 2014-2019, the incidence of vancomycin-resistant 
enterococci was lower, while the incidence of HLGR was nearly double that at the 
national level. A high level of resistance to gentamicin correlates with a high level of 
resistance to the other aminoglycosides, which is both encouraging and concerning.  

Extended-spectrum beta-lactamases (ESBLs) were found to be produced by all 
Gram-negative intestinal bacteria from the Enterobacterales (Klebsiella spp., 
Escherichia spp., Enterobacter spp., and Proteus spp.) order. Over 80% of Klebsiella 
spp. and Enterobacter spp. isolates produced ESBLs. 

Figure 14 illustrates the resistotype of Klebsiella spp. isolated during the study. 
More than 90% of the isolates were Piperacillin resistant. Around 80% of bacteria 
were resistant to Tobramycin, Amoxicillin-clavulanic acid, and third-generation 
cephalosporins, such as Ceftriaxone. Over 50% of the isolates were resistant to 
Gentamicin, the fluoroquinolones Levofloxacin and Ciprofloxacin, Trimethoprim-
sulfamethoxazole, and Piperacillin/Tazobactam. Above 80% of bacteria were 
susceptible to carbapenem antibiotics. Resistance to Imipenem and Meropenem was 
reported at 16.5% and 17.7%, respectively. All isolates were sensitive to Colistin. 
Figure 15 illustrates the trends in susceptibility to carbapenems and Colistin over the 
years of monitoring. The rapid spread of K. pneumoniae strains that produce 
carbapenemases (KPC) is a threat to public health that calls for immediate action at all 
levels - local, national, and international. 

The percentage of ESBL producers in E. coli was found to be lower than that in 
Klebsiella spp. Ampicillin resistance was 80.1%. Most isolates were resistant to 
cephalosporins, Amoxicillin-clavulanic acid, fluoroquinolones, Piperacillin, and 
Trimethoprim-sulfamethoxazole. 100% of sensitivity to the carbapenems (Meropenem 
and Imipenem), as well as to Nitroxoline, was preserved (Figure 16). 

Among identified E. cloacae complex isolates, over 80.0% were ESBL 
producers. Piperacillin, Piperacillin/Tazobactam, and Ciprofloxacin showed high 
levels of resistance, according to the results of the study. Sensitivity to Amikacin 
(75%) and Trimethoprim-sulfamethoxazole (61.3%) were preserved. One isolate 
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resistant to carbapenems was reported in 2019. The remaining strains were sensitive to 
Meropenem and Imipenem. 

 

 
Fig. 14. Antibiotic susceptibility of Klebsiella spp. isolated from positive blood 

cultures for the period 2015 - August 2020. 
 

 
Fig. 15. Trend of sensitivity to carbapenems and Colistin in Klebsiella spp. isolated 

from positive blood cultures for the period 2015 - August 2020. 
 

The results of antibiotic susceptibility testing in Proteus mirabilis found strains 
producing extended-spectrum beta-lactamases (ESBLs). High levels of resistance to 
Trimethoprim-sulfamethoxazole (74.1 %), the fluoroquinolones - Levofloxacin (71.4 
%), and Ciprofloxacin (69.6 %), as well as Piperacillin (66.7 %), were also found. 
Lower resistance was observed to Piperacillin/Tazobactam and Amikacin, 20% and 
18.5%, respectively. Regarding carbapenem antibiotics, 45.2% resistance to 
Imipenem, 25.9% intermediate sensitivity, and 25.9% sensitivity were found in the 
tested bacterial strains. Resistance to Meropenem was not reported. 
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Fig. 16. Antibiotic susceptibility of E. coli isolated from positive blood cultures for the 

period 2015 - August 2020. 
 

A. baumannii isolates are multidrug-resistant (Figure 17). Less than 10% of the 
tested isolates were susceptible to Amikacin, Trimethoprim-sulfamethoxazole, 
Ciprofloxacin, Levofloxacin, Meropenem, and Imipenem. Low sensitivity to 
carbapenems was constant throughout the study. Sensitivity to Tobramycin and 
Gentamicin was relatively preserved - 39.3% and 17.2%, respectively. Intermediate 
sensitivity was found to Ciprofloxacin, Trimethoprim-sulfamethoxazole, Meropenem, 
and Amikacin. Isolates remained sensitive to Colistin over the course of the study. In 
general, the resistance of A. baumannii to target antibiotic groups is decreasing in 
developed countries in Europe but remains high in the Baltic countries, and southern 
and southeastern Europe. It is a worrying trend that the most frequently reported 
resistance phenotype according to ECDC data is combined with the three antibiotic 
groups under surveillance (carbapenems, fluoroquinolones, aminoglycosides), thereby 
severely limiting the treatment options available to patients. 

There are many different mechanisms of antibiotic resistance seen in A. 
baumannii, and these mechanisms are frequently combined. Furthermore, the 
incidence of such multiresistant strains is growing, both in our country and in Europe. 
(Weiner et al. 2016; Russo et al. 2019; Gu et al. al. 2021; Petrova and Murdzheva 
2016) . 

 

 
Fig. 17. Antibiotic susceptibility of A. baumannii isolated from positive blood cultures 

for the period 2015 - August 2020. 
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P. aeruginosa isolates, such as A. baumannii, are multidrug resistance 

pathogens (Figure 18). High levels of resistance were reported to Ceftazidime (67.7 
%), Cefepime (54.1 %), Piperacillin/Tazobactam (54 %), and Piperacillin (52.4 %). 
Up to 50% of the isolates were resistant to Tobramycin, fluoroquinolones 
(Levofloxacin and Ciprofloxacin), Aztreonam, as well as to the carbapenems 
(Meropenem and Imipenem). An intermediate zone of susceptibility to Aztreonam, 
Meropenem, and Ceftazidime was found in a significant part of the isolates. Colistin-
resistant isolates were not reported during the entire course of the study. Resistance to 
more than two groups of antibiotics was observed in a significant number of the 
isolates. The tested isolates of P. aeruginosa had relatively high resistance to 
quinolones. A higher frequency of resistance to fluoroquinolones and carbapenems is 
noted compared to the average for European countries according to the 2020 EARS-
Net report. We consider this a worrying trend, as P. aeruginosa has innate resistance 
to many antibiotics, and the acquisition of an additional one further complicates the 
treatment of infections caused by it. 

 

 
Fig. 18. Antibiotic susceptibility of P. aeruginosa isolated from positive blood cultures 

for the period 2015 - August 2020. 
 

C. albicans isolates were resistant to Itraconazole in 87.5% and Fluconazole in 
6.9% of the cases. Intermediate susceptibility to Flucytosine was detected in 6.3% of 
C. albicans isolates. All of the strains were susceptible to Anidulafungin, 
Voriconazole, Micafungin, Amphotericin B and Ketoconazole (Figure 19). Resistance 
to Itraconazole, Fluconazole, Flucytosine and Anidulafungin was found in Candida 
non-albicans species. There were no isolates found to be resistant to voriconazole. 
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Fig. 19. Antimycotic sensitivity of C. albicans isolates from positive blood cultures for 

the period 2015 - August 2020. 

Despite progress and significant achievements in the field of antifungal agents, 
the treatment of fungemia presents a problem. A concerning pattern is emerging, 
which is an increase in resistance to these agents as a direct result of their increased 
use. In our analysis, fungi showed the highest level of resistance to azoles, especially 
itraconazole. These data coincide with a study of the national reference medical 
mycology laboratory in Serbia. 

Microscopic fungi are gradually becoming more and more prominent as the 
causal agents of bloodstream infections, and Candida spp. are quickly becoming 
recognized as one of the most significant infectious agents. To optimize therapeutic 
approaches and preventative measures, it is essential to delineate trends in the 
prevalent species and the antifungal drug resistance of those species. The usage of 
broad-spectrum antibiotics is one of the main risk factors for candidemia. Therefore, 
active monitoring and analysis are essential for controlling these infections. 

Gram-negative bacterial strains produce extended-spectrum beta-lactamases 
(ESBLs), which mainly hydrolyze certain penicillins, cephalosporins and 
monobactams. A higher incidence of resistance was observed in these target groups 
compared to data reported by EARS-Net for the past five years. Our data correlate 
with the national statistics, collected and summarized in the National Center for 
Disease Prevention and Control and reported as part of the National Surveillance 
Program - BulSTAR (http://www.bam-bg.net ), as well as with EARS-Net data for the 
period 2014 – 1019 year. 
An alarming trend is the increasing prevalence of carbapenem-resistant isolates 
(KPC). Similar results have been reported in several studies at the national and 
international levels (Popivanov et al. 2017) . 

The development of multidrug-resistant microorganisms has been linked to the 
overuse of antibiotics, which has been cited as a risk factor in numerous studies. The 
overprescription of antibiotics such as cephalosporins, carbapenems, and 
fluoroquinolones is given special consideration. Over the course of the study, we 
observed an increase in resistance to these antibiotics. This is a concerning fact 
confirmed by the CDC, EARS-Net, and other sources. (Fligou et al. 2017; Leal et al. 
2019; Tumbarello et al. 2012; Falagas et al. 2007; Polsfuss et al. 2012; 
“Antimicrobial Resistance Surveillance in Europe” 2015; Daniel J. Diekema et al. 
2019;  Popivanov et al. 2017). To prevent the spread of multidrug-resistant bacteria 

http://www.bam-bg.net/
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among patients, early detection and close collaboration between microbiologists and 
clinicians are essential. Adopting and adhering to national health strategies and 
standards for infection prevention and control, as well as the management of 
antimicrobial therapy, is essential. This is necessary to protect patients and prevent the 
spread of multidrug-resistant strains, which pose a global risk to public health. 

 
4.3. Determining the diagnostic value of FISH, MALDI-TOF MS, and multiplex 
PCR in the microbiological diagnosis of positive blood cultures in comparison to 
routine microbiological testing. 
 

The study included a total of 216 patients who met the criteria that were 
established. These patients were split up into three groups, each consisting of 72 
individuals, based on the technique that was utilized for the rapid microbiological 
diagnosis of bacteremia and fungemia (FISH, MALDI TOF MS and mPCR). All 
patients met the inclusion criteria of the study and had leukocytosis, unexplained 
temperature status, and/or a temperature greater than 38°C. After meticulous selection 
based on inclusion and exclusion criteria (item 3.6.1.1), the samples of 77 of these 
patients were also examined by a self-developed algorithm for the direct identification 
of pathogens from positive blood cultures using MALDI-TOF MS. 

 
4.3.1. Identification of pathogens from positive blood cultures by FISH test: 

The study included 40 men (55.6%) and 32 women (44.4%) with a mean age of 
37.4 ± 3.5 years. The patients were most commonly from the clinics of Pediatry, 
Anesthesiology and Intensive Care Unit (ICU), Hematology and Oncology, Cardiac 
Surgery, etc.  

In 63 (87.5%) of the blood cultures, FISH identified microorganisms and in 9 
(12.5%) fluorescence was not observed. Its absence was due to the fact that not all 
microorganisms are included in the spectrum of the test. Gram-positive 
microorganisms that can be detected by the test - Staphylococcus aureus, CoNS, 
Enterococcus faecium, Enterococcus faecalis - had a leading role as causative agents 
of bacteremia – n=38 (52.8%), followed by Gram-negative microorganisms (n=18, 
25.0 %), and fungi (n=6, 8.3%). In one case, mixed infection of Gram-negative 
microorganisms was found – K. pneumoniae and P. aeruginosa (Figure 20). 

 

 
Fig. 20. Relative proportion of identified microorganisms by FISH test. 
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S. aureus was identified in 10 (15.9%) of the blood cultures that were examined, 

and coagulase-negative staphylococci (CoNS) were identified in 20 (31.6%) of the 
samples. FISH quickly differentiated S. aureus from coagulase-negative 
staphylococci. On the other hand, it was found that this method made it possible to 
distinguish Staphylococcus species that were plasma agglutination-negative but 
plasma coagulase-positive from Staphylococcus species that were negative for both 
tests - rabbit plasma agglutination and coagulation. E. faecalis was detected in 4 
(6.4%) of the tested samples and E. faecium in 4 (6.4%). 

Among Gram-negative microorganisms, the most common causes of bacteremia 
were E. coli (n=7; 11.1 %), followed by P. aeruginosa (n=6; 9.5 %) and K. 
pneumoniae (n=5; 7.9 %). 

Yeast infections caused by C. albicans, C. glabrata or C. parasilosis can 
successfully be detected by the method. Fungemia was found in six cases. C. albicans 
(n=4; 6.4 %) and C. parapsilosis (n=2; 3.2 %) were identified by confirmatory 
methods. C. glabrata was not identified from the tested positive blood cultures. Figure 
21 shows the relative distribution of identified microorganisms by FISH test. 

 

 
Fig. 21. Distribution of isolates from positive blood cultures by species identified by 

QuickFISH BC (%/n). 
 

All 63 blood cultures from which microorganisms were identified by 
QuickFISH™ were confirmed by conventional test methods. 100% comparability of 
the results obtained through the routine identification and through the FISH method 
was found. Classical microbiological diagnostic methods showed that nine of the 
microorganisms that FISH couldn't identify were not included in the test spectrum. 
The relatively high percentage of coincidence of the microorganisms identified with 
this method compared to the classical microbiological methods (z=4.80, p=0.0001) 
demonstrated that FISH is a reliable method for the rapid identification of 
microorganisms. 

The results obtained with this method showed 100% coincidence with the 
results obtained through conventional blood culture methods, which is also confirmed 
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by several other authors (Jansen et al. 2000; Mancini et al. 2010; Buehler et al. 2015; 
Hensley, Tapia, and Encina 2009; Farina et al. 2012). Its sensitivity to all 
microorganisms tested is 84.5 %. It is essential to be able to differentiate coagulase-
negative staphylococci (CoNS) in a timely manner and with high levels of precision 
because these bacteria are responsible for 20% of bacteremia cases, particularly in 
immunocompromised patients. Additionally, they can be a skin contaminant, resulting 
in unnecessary patient treatment. 

FISH can be a useful tool to complement traditional microbiological methods 
for more rapid and timely identification of the leading microorganisms that cause 
bloodstream infections (Horváth et al. 2010) . A study by V. Kempf et al. shows that 
the probes used in FISH are highly specific and hybridize only to the specific target 
strain. In this manner, depending on the group of microorganisms that were examined 
(bacteria, yeast), time savings of between 26 and 46 hours were achieved in 
comparison to traditional laboratory methods that were used for identification. This 
meant that the antimicrobial treatment of these patients could be changed one or two 
days earlier (Kempf, Trebesius, and Autenrieth 2000) . These studies correlate with the 
results of our research and prove FISH to be a quick (time to perform the sample test 
is about 45 minutes) and accurate identification method, but the narrow spectrum (10 
microorganisms) and the relatively high cost of the sample in Bulgaria may hinder its 
implementation as a routine method. 
 
4.3.2. Identification of pathogens from positive blood cultures by molecular 
genetic analysis using multiplex PCR blood culture panel. 

Multiplex PCR allows the simultaneous detection of specific pathogens such as 
bacteria and fungi within 70 minutes of the positive blood culture. Through a 
multiplex PCR panel BCID (FilmArray, Biofire, bioMerieux, France) it is possible to 
simultaneously identify 25 pathogens and 3 genes encoding resistance to antibiotics. 

The study included 40 men (55.6 %) and 32 women (44.4 %) with a mean age 
of 46.7 ± 3.2 years. The biggest groups of patients with bacteremia are children and 
the elderly, and the most frequently obtained samples were from patients from the 
ICU, Cardiac Surgery, Pediatrics, and Infectious Diseases Clinics. 

In 65 (90.3 %) of the blood cultures, the mPCR-method detected 
microorganisms (n=78), whereas in 7 (9.7 %) the method did not detect the presence 
of microorganisms. The lack of identification of microorganisms is due to the fact that 
not all microbes are included in the spectrum of the test. The method enables the 
identification of more than one pathogen included in the spectrum of the test. 
Associated bloodstream infections were found in 9 (12.5%) cases (Figure 22). 

 

 
 

Fig. 22. Distribution of identified cases by mPCR (%/n). 
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Among the etiologic agents identified by mPCR, Gram-positive isolates (n=29; 

37.2 %) dominated over Gram-negative (n=25; 32.1 %), Candida spp. (n=15; 19.2 %) 
and non-fermentative bacteria (n= 9; 11.5 %) (Figure 23). 

 
Fig. 23. Distribution of the main groups of microorganisms identified by mPCR from 

positive blood cultures. 
 

According to the studied data, the most common causative agents of bacteriemia 
among Gram-positive microorganisms are Staphylococcus spp. (n=9; 12.5 %) and 
Enterococcus spp. (n=8; 11.1 %), followed by S. pneumoniae (n=5; 6.9 %). In the 
Gram-negative microorganisms of the Enterobacterales order, the leading role is 
taken by K. pneumoniae (n=10; 13.9 %), and in terms of the non-fermentative 
microorganisms, A. baumannii was identified in 7 (9.7 %) of the cases. In 12 (20.1%) 
cases fungi were found. The leading cause of fungemia is C. albicans (n=6; 8.3 %), 
followed by C. parapsilosis (n=5; 6.9 %) and C. glabrata (n=3; 4.2 %) (Figure 23). 
The associated infections were caused by only Gram-negative bacteria or both Gram-
negative and Gram-positive microorganisms. 

 

 
Fig. 24. Species distribution (%/n) of microorganisms from positive blood cultures 

identified by mPCR. 
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The results of mPCR tests were confirmed by classical microbiological 

methods in 63 (87.5 %) of the cases, and in the other 9 (12.5 %) cases, 
microorganisms were not detected or identified because they were not included in the 
spectrum of the test or were not cultured on the nutrient media. In 7 (9.72 %) of them, 
no microorganism was identified, while in the remaining 2 (2.77 %) cases, mPCR 
identified the presence of S. pneumoniae, which was not confirmed conventionally, 
due to the lack of bacterial growth. Clinically, the patients had symptoms of lobar 
pneumonia and had been started on antimicrobial therapy. These cases demonstrate 
the capability of the method to detect microorganisms in case of already started 
empiric antimicrobial therapy and to identify the etiological agent. There was a 
statistically significant difference between the relative proportions of PCR results 
compared to routine microbiological methods (z=5.10; p=0.0001). 

The included in the panel genes for antibiotic resistance were detected in 8 
(11.2%) of the samples – blaKPC (n=3), mecA (n=3) and vanA/B (n=2). They were also 
confirmed by routine tests for antibiotic susceptibility (Figure 25). 

 

 
Fig. 25. Relative proportion of found resistance genes by mPCR (%/n). 

 
 The multiplex PCR (FilmArray, Biofire, bioMerieux, France) panel BCID 
accelerates the identification of the most common bacteria and fungi directly from 
positive blood cultures. It can also be used as a helpful tool in addition to conventional 
microbiological techniques, allowing for faster and more accurate identification of the 
most common microorganisms causing bloodstream infections. According to a study 
conducted by the Medical University of South Carolina about the capabilities of the 
FilmArray BCID panel, it complements but does not replace conventional methods of 
identification and antimicrobial susceptibility testing and this finding was also 
confirmed by our study. (MacVane and Nolte 2016) . Limitations of the BCID panel 
include inability to detect all microorganisms and limited information on antibiotic 
susceptibility. However, despite considering the high cost of the sample (about BGN 
350), we can conclude that the FilmArray® BCID panel is a rapid and reliable test for 
the identification of common infections in the bloodstream and therapeutic decisions 
can be made based on the panel's results immediately after blood culture is positive. 

The FilmArray Blood culture mPCR is an accurate test for the detection of 
pathogens and resistance genes directly from positive blood cultures, which is capable 
of simultaneous detection of more than one pathogen in the sample. Reducing the time 
for identification of the most common pathogens of bloodstream infections to 70 
minutes helps to start adequate antimicrobial therapy. The present study reported an 
overall sensitivity of the method of 90.1 %, and the sensitivity for detection of 
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resistance genes was 100 %. Given the potential for contamination, the pervasive 
presence of bacterial and fungal DNA, and the absence of a gold standard, interpreting 
the direct detection of panbacterial or panfungal nucleic acids, rather than live 
microorganisms in blood, is challenging. Furthermore, the prognosis for patients with 
bloodstream infections is improved when definitive antibiotic therapy is started 
promptly. 

Many sterile site infections, particularly those affecting the blood, are 
emergency health conditions that require prompt therapeutic strategies. Rapid 
technologies, including mPCR, can reduce morbidity, mortality, and economic cost 
(Southern et al. 2015 ; Pardo et al. 2016; Galar et al. 2012) . 
 
4.3.3. Identification by MALDI-TOF MS mass spectrometry 
4.3.3.1. Identification of isolates from blood cultures by MALDI-TOF MS 

The study included 43 men (59.7 %) and 29 women (40.3 %) with a mean age 
of 43.1 ± 3.2 years. The patients were of all ages and most often they were 
hospitalized in intensive care units and pediatric clinics. 

There was a correlation between the results obtained through the MALDI-TOF 
MS and through conventional methods of identification in 68 out of 72 (94.4%) of the 
cases, although there was a mismatch between identified microorganisms in 4 (5.6%) 
of the cases, as shown in Table 1 (z=5.60; p=0.0001). 
 

Table 1. MALDI-TOF MS mismatches with standard identification methods 
MALDI - TOF MS (inaccuracies) Other methods Number 

Staphylococcus hominis Raoultella planticola 1 

Burkholderia contaminans Burkholderia cepacia complex 1 

Enterobacter cloacae Enterobacter asburiae 1 

Escherichia coli Enterobacter aerogenes 
(Klebsiella aerogenes) 

1 

 
Again, the majority of the isolates that were identified by MALDI-TOF MS 

were Gram-positive bacteria, followed by Gram-negative bacteria and fungi (Figure 
26). The method demonstrated great sensitivity for the detection of Gram-positive 
microorganisms and fungi аs well as the capability of detecting rare isolates and some 
microorganisms that are difficult to identify in routine practice, such as the 
differentiation of aerobic spore-forming bacteria to genus and species like Bacillus 
altitudinis. The method proved the possibility of identification of coagulase-negative 
staphylococci to species and subspecies - Staphylococcus cohnii spp. urealyticus; 
Staphylococcus epidermidis; Staphylococcus haemolyticus; Staphylococcus hominis; 
Staphylococcus saprophyticus; Staphylococcus simulans and also some rare isolates – 
Raoultella ornithinolytica, Ralstonia pickettii, Achromobacter xylosoxidans, 
Streptococcus anginosus, which are difficult to identify accurately and quickly with 
routine methods. 
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Fig. 26. Relative proportion (%) of the main groups of microorganisms identified by 

MALDI-TOF MS. 
 

4.3.3.2. Identification of pathogens directly from a positive blood culture by 
MALDI-TOF MS mass spectrometry 
An algorithm was independently developed and modified by the PhD student 

for the identification of microorganisms directly from positive blood cultures using 
MALDI-TOF MS. 77 samples of patients who met the inclusion criteria were included 
in the study. All of the results were compared to results obtained through routine 
culture methods. The study included 44 (57%) men and 33 women (43%) with a mean 
age of 43.3 ± 3.19 years. Samples of patients from the clinics of Anesthesiology and 
Intensive Care (ICU), Pediatrics, Cardiac Surgery, Infectious Diseases, Pulmonology, 
etc., were examined. 

Immediately after the positivity of the blood cultures, microscopic slides were 
prepared and observed using the Gram and Löffler methods, followed by the 
identification of the samples by means of the MALDI-TOF MS modified direct 
identification algorithm (Section 2.2.3.3.). To confirm the obtained results, all samples 
were tested by routine microbiological identification methods. Figure 26 shows the 
distribution of microorganisms identified by routine microbiological methods and 
tested by means of the new algorithm. 

  

 
Fig. 27. Relative proportion of microorganisms by species (%) identified by routine 

microbiological methods and tested by means of the new algorithm for direct 
identification of positive blood cultures using MALDI-TOF MS. 
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In 55 (71.4%) of 77 positive blood cultures, MALDI-TOF MS identified 

microorganisms directly from the positive blood cultures (p=0.005). In the remaining 
22 (28.6%) samples, no microorganisms were directly identified using MALDI-TOF 
MS (p=0.000). In 50 (64.9%) samples, direct MALDI-TOF MS identification and 
conventional methods yielded a statistically significant match of the identified isolates 
to the genus level, however in five (6.5%) cases, inconsistencies were observed 
(p=0.000). In 48 of the cases (62.3%), there was a match at the species level, and in 7 
of the cases (9.1%), there was a discrepancy between the results (p=0.005). 
Inconsistencies between genus and species are displayed in Table 1. 

Table 2. Discrepancies of identified microorganisms at genus and/or species level 

Identified by means of culture 
testing 

Direct identification via 
MALDI–TOF MS 

H. influenzae B. flexus (genus and species) 

L. monocytogenes S. hominis (genus and species) 

E. faecium S. suis (genus and species) 

E. cloacae complex E. coli ( genus and species) 

S. epidermidis S. cohnii (2) (species) 

S. porcinus S. mitis/oralis (species) 

 

Compared to microorganisms identified by means of conventional 
microbiological methods (n=77), the direct MALDI-TOF MS identification method 
was able to identify 27 out of 30 (90%) of the isolated Gram-negative bacteria, 15 out 
of 32 (46.9 %) of the Gram-positive, and 13 out of 15 (86.7 %) of the fungi. These 
results are depicted in Figures 28, 29 and 30. 

 
Fig. 28. Relative proportion of the capability of a method for direct identification of 

positive blood cultures using MALDI-TOF MS to identify Gram-positive bacteria  
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Fig. 29. Relative proportion of the capability of a method for direct identification of 
positive blood cultures using MALDI-TOF MS to identify Gram-negative bacteria. 

 
Fig. 30. Relative proportion of the capability of a method for direct identification of 

positive blood cultures using MALDI-TOF MS to identify fungi. 

The primary purpose of this study is to investigate and compare these methods. 
Table 3 illustrates the investigated methods along with their sensitivity, capability for 
identification, test duration, and estimated cost per sample. 

Table 3. Main characteristics of the methods used 

Indicators Methods FISH multiplex PCR MALDI-TOF MS Direct 
identification 
via 
MALDI-TOF 
MS 

Test duration about 45 min.  70 min. After 24 hours 
required for 
cultivation, 1-2 
min for sample 
identification 

About 45 min. 

Spectrum (types of 
microorganisms) 

10 24 > 2000  
> 2000 

Sensitivity (95% CI) 84.51 % 90.14 % 94.44 %  
69.44 % 

Cost per one sample BGN 55 / 
sample 

BGN 400 / 
sample 

BGN 1 / sample  
BGN 2 / 
sample 

Detection of antibiotic 
resistance genes 

no  yes  no  no 

 
The precision, efficiency, cost, and most importantly the speed (duration) of 

medical tests are becoming highly important factors as a result of the development of 
medicine, the introduction of new technologies, and the current trends toward 
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personalized medicine. Traditional microbiology is no longer capable of satisfying the 
high expectations placed on medical diagnostics in the current century. It takes at least 
two to three days to complete a conventional test and receive the definitive results. 
Routine microbiological diagnostics are performed on the basis of the biochemical 
and metabolic profiles of the microorganisms and 24-48 hours are required to identify 
the species. MALDI-TOF MS has the benefit over other methods of identification that 
are currently in use, since it can identify bacteria and yeast directly from colonies 
produced on primary isolation media in a matter of minutes rather than hours. This is a 
revolutionary new technology increasingly entering microbiology laboratories. 
According to our research, significant savings in labor and materials are achieved 
through this method. The use of MALDI-TOF MS is able to reduce the identification 
time of bacteria and yeast from 24-72 hours to a few minutes. Its high sensitivity 
(94.4%) and capability of identifying more than 2000 microorganisms are strong 
arguments in suppport of its introduction as a routine method in laboratory practice. A 
number of studies have shown that the performance of MALDI-TOF MS is either 
comparable to or superior to the phenotypic methods that are currently utilized in 
clinical microbiology laboratories. These studies have shown that the reliability and 
accuracy of MALDI-TOF MS has been demonstrated in the identification of clinically 
relevant bacteria and yeasts. (Pignone et al. 2006; Seng et al. 2013; Haag et al. 1998; 
Stevenson, Drake, and Murray 2010; Keys et al. 2004; Hsieh et al. 2008; Erhard et 
al. 2008; Singhal et al. 2015; Qian et al. 2008; Schieffer et al. 2014; Calderaro et al. 
2014; C. Marinach-Patrice et al. 2009; Buehler et al. 2015). The identification of new 
isolates is only achievable if the spectrum database has peptide mass fingerprints of 
the strains of particular genera, species, and subspecies. The technology is restricted in 
this aspect and this is one of its major drawbacks (Wieser et al. 2012) . 

The identification of pathogens directly from positive blood cultures, 
subspecies typing, and identifying medication resistance determinants are some of the 
novel approaches to using MALDI-TOF MS that are now being explored (Wieser et 
al. 2012). Several other direct identification procedures are currently in the process of 
being developed. The identification capabilities of the protocol used in this study were 
found to be quite high. This is a modified and recently developed approach for direct 
MALDI-TOF MS identification that was developed by the PhD student. These 
findings are consistent with those of previously reported research (Stevenson et al. 
2010; Ceballos-Garzón et al. 2020; Schubert et al. 2011). 

The high amount of peptidoglycan in Gram-positive bacteria's cell walls and 
the difficulty to accomplish precise matrix penetration for their identification are the 
reasons for the method's reduced sensitivity regarding these microorganisms. It is 
possible that its inability to identify the microorganisms is due to low microbial 
numbers, a large blood culture volume, or lysis of the bacteria. 

 Further development and enhanced sensitivity of MALDI-TOF MS may pave 
the way for rapid, direct detection and identification of microorganisms from positive 
blood cultures, as well as the introduction of these techniques for rapid diagnosis of 
bacteremia/fungemia. Additionally, MALDI-TOF MS spectra obtained from blood 
cultures can be analyzed and interpreted further to provide information on antibiotic 
resistance, which directly impacts the choice of treatment (Wisplinghoff et al. 2004; 
Rodríguez-Sánchez et al. 2014; Verroken et al. 2016; Wieser et al. 2012). 
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4.4. Comparative analysis of the obtained results and assessment of the economic and 
health impact of the applied methods on patients with bacteremia/fungemia. 

This study includes data on 115 patients from the Clinic of Anesthesiology and 
ICU of University Hospital „St. George“ - Plovdiv. Information on patient 
characteristics was obtained from the hospital database and input variables for the 
analysis were extracted electronically from the individual History of Present Illness 
(HPI) of each sampled observation unit. 
 

Bed-day costs 

Costs are divided into categories: food (inpatients and staff); medications 
(medications, medical supplies, blood and blood products, disinfectants, hygiene 
materials, other medication costs); materials, fuels and energy /in BGN/ (water, 
electricity, heating, stationery, other materials); current repairs; other external services 
(laboratory services); depreciation; remuneration costs (salaries and other 
remuneration and payments); insurance costs (state social insurance and health 
insurance contributions, senior medical staff contributions); expenses for taxes, fees 
and other similar payments; other expenses. Costs are summed within each category 
to calculate the average monthly total cost per bed-day. In the presented analysis, the 
bed-day costs per patient are divided into direct costs and indirect costs. Direct costs 
include the following categories: inpatients’ food, medical supplies, blood and blood 
products, bioproducts, implants, other medication costs, other materials and laboratory 
services. Indirect costs include everything else listed above. 

Antibiotic treatment costs (antibiotic treatment day) - The medication costs 
have been subtracted from the direct costs, and the antibiotic treatment cost (antibiotic 
treatment days multiplied by the price of the corresponding medication per 
administered dose) has been calculated for each patient individually, using the 
information from the published public procurements of University Hospital „St. 
George“ - Plovdiv and the hospital information system. 

Costs of diagnostic tests (microbiological analysis) - The cost of laboratory 
services is included in the direct costs, but the cost of microbiological testing is also 
presented separately for clarity. 

Costs of clinical pathways and procedures (CPP) – They are based on the 
prices set in the National Framework Contracts for medical activities concluded 
between the National Health Insurance Fund and the Bulgarian Medical Association 
for the period of the study 2017-2019. The cost for each patient is determined 
according to the information available in the hospital information system. The 
methodology of calculating the costs of CPP 3 and CPP 4 is based on the average 
number of procedures reported for the period as a percentage of the average number of 
bed-days for the three years of the analysis. Since CPP 3 and CPP 4 are paid on a 24-
hour basis and it is not possible to apply them simultaneously, we can conclude that 
the sum of the relative proportions of CPP 3 and CPP 4 represents the part of the bed-
days in which they were applied. This total percentage (89.51 %) was individually 
applied to each patient’s bed-days entered in their History of Present Illness.  
4.4.1. Demographic characteristics of patients – Out of 115 patients included in the 
study, 69.6% were male, with a median age of 52 years (33; 62). No statistically 
significant differences were demonstrated between the two groups of patients in terms 
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of age (U=1288, p=0.298) and sex (z=1.1, p=0.267). Table 4 presents the baseline 
analysis - a comparison between patients divided into two groups - rapid tests and 
standard culture tests. 
4.4.2. Length of stay (bed-days) − The median hospital stay (bed-days) of patients 
with rapid diagnostic tests was 20 days (12, 35 days) compared with 16 days (10, 38 
days) of patients who were diagnosed using culture microbiological testing (U=1351, 
p=0.505). Antibiotic treatment days with empiric therapy were identical in both 
groups (U=1456, p=0.967), while treatment time with definitive therapy was 50% 
longer in the rapid test-diagnosed group (median of 12 days) compared to culture-
diagnosed patients (median of 6 days), although a statistically significant difference 
was not reached (U=1160, p=0.070). After analysis with rapid tests, 63.6% of the 
patients had to have their therapy changed, and after the results of the cultural testing, 
57.9% of the patients had to have their originally prescribed therapy adjusted (z=0.6, 
p=0.551). The lethality in both groups was equivalent (z=0.1, p=0.942). Rapid 
methods were not associated with a significant reduction in the risk of fatal outcome - 
OR=0.97, 95 % CI 0.45–2.12 (z=0.07, p=0.942). 
 
Table 4. Comparison of study patient characteristics by group—rapid diagnostic tests 
versus standard culture tests 

Variables Rapid Tests 
(n = 77) 

Standard Culture 
Tests (n = 38) p-value 

Demographic characteristics 

men, n (%) 51 (66.20) 29 (76.32) 0.267 1 
age (years), median; 25th, 75th 
percentiles 54; 39, 65 51; 30, 60 0.298 2 
Clinical data 

Bed-days (days) median; 25th, 75th 
percentiles 20; 12, 35 16; 10, 31 0.505 2 
Antibiotic treatment days - empiric 
therapy (days) median; 25th, 75th 
percentiles 

13; 7, 25 14; 8, 20 0.967 2 

Antibiotic treatment days - definitive 
therapy (days) median; 25th, 75th 
percentiles 

12; 5, 28 6; 1, 18 0.070 2 

Antibiotic treatment days - total (days) 
median; 25th, 75th percentiles 31; 14, 49 23; 12, 32 0.111 2 
Change of therapy after diagnostic test 
result - yes, n (%) 49 (63.64) 22 (57.89) 0.551 1 
Changes in therapy occurred after 
diagnostic test n (%)    
died before result 14 (18.18) 9 (23.68) 0.488 1 
continued the same AB therapy 14 (18.18) 7 (18.42) 0.975 1 
discontinuation of AB therapy 1 (1.30) 0 (0.00) - 
change of AB therapy 48 (62.34) 22 (57.89) 0.646 1 
Lethality n (%) 42 (54.54) 21 (55.26) 0.942 1 

Costs 

Direct costs (BGN) median; 25th, 75th 2319.40; 1855.52; 0.505 2 
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percentiles 1333.66, 4058.95 1159.70, 3595.07 
Indirect costs (BGN) median; 25th, 
75th percentiles 

19388.80; 
11148.56, 33930.40 

15511.04; 
9694.40, 30052.64 0.505 2 

Clinical pathways costs (BGN) median; 
25th, 75th percentiles 

3252.00; 
1546.50, 4290.00 

2442.00; 
839.00, 3267.00 0.030 2 

CPP costs (BGN) median; 25th, 75th 
percentiles 

10444.06; 
6005.33, 18277.10 

8355.25; 
5222.03, 16188.29 0.505 2 

Costs of diagnostic tests (BGN) 
median; 25th, 75th percentiles 

55.00; 
2.00, 400.00 

38.00; 
38.00, 38.00 0.002 2 

Costs of antibiotic therapy - total 
(BGN) median; 25th, 75th percentiles 

779.78; 
294.05, 

 1608.68 

589.80; 
204.96; 

 1401.57 
0.241 2 

Costs of antibiotic therapy - empirical 
(BGN) median; 25th, 75th percentiles 

342.81; 
95.52, 652.74 

236.07; 
98.49, 531.75 0.293 2 

Costs of antibiotic therapy - definitive 
(BGN) median; 25th, 75th percentiles 

338.90, 
26.09, 965.63 

256.41; 
22.12, 748.80 0.498 2 

1 z-test for comparison of 2 relative proportions 
2 Mann-Whitney U test 

 

4.4.3. Cost per bed-day − According to the accounting database of University 
Hospital „St. George“ - Plovdiv, the average cost per bed-day in the Anesthesiology 
and ICU Clinic was estimated at BGN 1183.37. Table 3 also presents the medians of 
direct and indirect costs for the two groups of patients, and no statistically significant 
difference was proven between the studied groups for any of the two types of costs 
(respectively U =1351, p=0.505 and U=1351, p=0.505). No difference was proven 
when comparing the total costs of AB therapy (U=1266, p=0.241), as well as when 
dividing it into empiric (U=1286, p=0.293) and definitive (U=1349.5, p=0.498). A 
difference between the two studied groups was found in relation to the costs of the 
clinical pathways (U=1098, p=0.030), with statistically significantly higher costs 
reported for patients diagnosed with rapid tests (Me=3252.00 BGN), the price of 
which (Me =55 BGN) is again statistically significantly higher compared to the 
culture test (Me=38 BGN) (U=950, p=0.002). There was no difference regarding the 
cost of clinical procedures between the groups (U=1351, p=0.505). 
 

4.4.4. Secondary analysis with patient grouping by additional variable categories 

The results presented in Table 4, with the only significant difference found 
between the study groups in the costs of clinical pathways, suggest that the profile of 
patients examined with rapid tests differs from the characteristics of patients examined 
with a standard microbiological method. This assumption logically led to the 
distribution of patients according to the severity of the condition into two subgroups 
based on the clinical pathway for their treatment. The distribution of patients by 
severity of condition and group is as follows: rapid tests - severe condition 32.50% 
and very severe condition 67.50%; standard culture test – severe condition 39.50 % 
and very severe condition 60.50 %. The distribution of bed-days by condition and 
study groups is as follows: (1) severe condition - rapid tests 19 days (10.5, 33.5 days) 
versus standard culture tests 12 days (10, 29 days) (U=163, p=0.507); and (3) very 
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severe condition – rapid tests 23 days (12, 37.5 days) versus culture tests 19 days (10, 
36 days) (U=574, p=0.783). 

In the analysis, the outcome variable "result consequences" was introduced as 
an additional filter with an emphasis on the "change in antibiotic treatment" category. 
After processing the data, it was found that the median bed-days of patients in a very 
severe condition with a change of AB treatment and applied rapid test was 25.5 days 
versus a median of 34 days of stay for patients with standard culture examination 
(U=241, p=0.152) (Figure 31). 

 

 
Fig. 31. Distribution of patients by severity of condition, follow-up action after 

result and test method (2 groups) - patient days. 
 

At the next step, another additional filter was added - the dichotomous outcome 
variable (discharged; deceased). The median bed-days of patients in a very severe 
condition with a change in AB treatment, discharged from the ward and diagnosed by 
a rapid test, was 23.5 days versus a median of 34 days of stay for patients with a 
standard culture test (U=115, p=0.079) (Figure 32). The absolute difference between 
the values of the medians is 10.5 days, i.e. in this group of patients, the achieved 
saving is even greater (approximately BGN 12,500). 
 

Fig. 32. Distribution of patients by severity of condition, follow-up action after result, 
outcome and test method (2 groups) - mean rank of patient-days and bed-day 

expenditure. 
 

An analysis of the antibiotic treatment days and AB treatment costs was also 
carried out. The analysis of the total antibiotic treatment days and AB treatment costs 
demonstrated that the median of the antibiotic treatment days of patients in a very 
severe condition with a change in AB treatment, discharged from the ward and 



 

40 
 

diagnosed by a rapid test, was 16 days versus a median of 23 days for patients with a 
standard culture test (U= 71, p=0.672). The median cost of treatment in the rapid test 
group was BGN 1,119.32 versus BGN 855.28 for patients with a culture test (U=66, 
p=0.500). The absolute difference between the median costs was estimated at BGN 
264.04. The median direct cost of treatment in the rapid test group was BGN 2,725.30 
versus BGN 3,942.98 for the patients with a culture test (U=115, p=0.079). The 
absolute difference between the medians of direct costs was estimated at BGN 
1,217.78. The median of the indirect costs of treatment in the rapid test group was 
BGN 32,960.96 versus BGN 22,781.84 for the patients with a culture test (U=115, 
p=0.079). The absolute difference between the median costs was estimated at BGN 
10,179.12. These results are shown in Figures 33 and 34. 

 
Fig. 33. Distribution of patients by severity of condition, follow-up action after 

result, outcome and test method (2 groups) – antibiotic treatment days (total) and AB 
treatment costs. 

 

 
Fig. 34. Distribution of patients by severity of condition, follow-up action after result, 

outcome and test method (2 groups) – direct and indirect costs. 

 

Due to the patient's pathology and the treatment administered to them, in some cases, 
the antibiotic treatment days exceed the bed-days. This means that one patient 
receives more than one type of antibiotic. 
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4.4.5. Differences attributable to standard culture microbiological testing 
Table 5 presents the differences attributable to the standard culture testing. 

Notably, culture testing contributes 34% more to the average hospital stay, increases 
the average duration of empiric antibiotic therapy by 6%, and adds 35% to direct, 
indirect, and CPP costs. For all other indicators, the difference is negative, i.e. the 
group of patients diagnosed with rapid tests is related to the increase in the values of 
the indicator - a 50% higher average duration of AB definitive therapy, which is 
reflected in an 18% longer total treatment duration and a 40% increase in antibiotic 
treatment days compared to bed-days. Of course, this also reflects on the average AB 
treatment cost, mostly affecting the average cost of definitive therapy, which increases 
by 96%. Despite the higher costs of AB for patients diagnosed with rapid tests, the 
saving in bed-days (direct costs without medications and indirect costs) is significant 
and leads to a lower overall expenditure of financial resources. 
 
Table 5. Financial impact relative to the type of microbiological test used: rapid tests 
versus standard culture tests in a group of patients in a very severe condition, post-test 
AB change and discharge 

  
Rapid tests Culture tests     
(n=20) (n=8)     

Bed-days (days) 453 277     
Antibiotic treatment days - total (days) 769 261     
Antibiotic treatment days - empiric 
therapy (days) 305 136   

Antibiotic treatment days - definitive 
therapy (days) 464 125   

Coefficient AB treatment days to bed- 
days (days) 

48 8   

Direct costs (BGN) 52534.41 32123.69   
Indirect costs (BGN) 439156.32 268534.88     
CP costs 74868.00 26884.00   
CPP costs  236557.87 144650.18   
AB costs – total (BGN) 31547.77 7341.66     
AB costs – empiric therapy (BGN) 11113.79 3174.54   
AB costs – definitive therapy (BGN) 20433.98 4167.12   
Difference directly attributable to the standard number % 
Mean hospital stay (bed-days) 23 35 12 34 
Mean treatment duration - total (antibiotic 
treatment days) 

39 33 -6 -18 

Mean treatment duration – empiric therapy 
(antibiotic treatment days) 

16 17 1 6 

Mean treatment duration – definitive 
therapy (antibiotic treatment days) 

24 16 -8 -50 

Mean AB coefficient AB treatment days to 
bed-days (days) 

2.4 1 -1.4 -140 

Mean direct costs (BGN) 2626.72 4015.46 1388.74 35 
Mean indirect costs (BGN) 21957.82 33566.86 11609.04 35 
Mean CP costs 3743.4 3360.5 -382.9 -11 
Mean CPP costs  11827.89 18081.27 6253.38 35 
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Mean AB costs - total (BGN) 1577.39 917.71 -659.68 -72 

Mean AB costs – empiric therapy (BGN)  555.69 396.82 -158.87 -40 

Mean AB costs – definitive therapy 
(BGN) 

1021.7 520.89 -500.81 -96 

 
In addition, a subgroup comparative analysis of rapid diagnostic tests and 

standard culture microbiological tests was performed. The medians of bed-days are 
similar in value in the four considered groups (H=7.028; p=0.071). A credible 
difference was found between the median durations (antibiotic treatment days) of 
empiric AB therapy (H=13.54; p=0.004), and this value was statistically significantly 
higher in the mPCR group compared to any other group – FISH (p=0.001)., MALDI-
TOF MS (p=0.002) and a standard test (p=0.021), but not to the definitive therapy 
(H=3.98; p=0.263). Naturally, a difference was also proven in the duration (antibiotic 
treatment days) of the general AB therapy (H=10.90; p=0.012). In pairwise 
comparisons, the median of the total antibiotic treatment days for the patients in the 
mPCR group was statistically significantly higher compared to that measured in the 
group of the patients diagnosed by FISH (p=0.005) and a standard test (p=0.003). 
These results were replicated both for empiric AB therapy costs (N=7.95; p=0.047) 
and for total AB therapy costs (N=10.34; p=0.016). In pairwise comparisons, the 
median cost of empiric AB therapy (1) as well as the total cost of AB therapy (2) were 
statistically significantly higher in the group of patients diagnosed by mPCR compared 
to: FISH – (1) p=0.008, (2) p=0.011; MALDI-TOF MS – (1) p=0.010; and standard 
test – (1) p=0.007, (2) p=0.018. 

To explore the obtained result in depth, several additional subgroup analyzes 
were conducted. First, the ratio of antibiotic treatment days to bed-days was analyzed 
for each of the studied groups and no statistically significant difference between them 
was proved (H=4.45; p=0.217). However, the median value of the coefficient in the 
mPCR group was found to be the highest (1.80), i.e. the antibiotic treatment days in 
this group were almost twice as many as the bed-days. This also explains the 
statistically significant differences in antibiotic treatment days and costs described 
above. For comparison, the coefficient values in the other groups were as follows – 
FISH (1.6); MALDI-TOF MS (1.4); and standard test (1.2). 

No statistically significant association was demonstrated between the type of 
diagnostic test and mortality (chi-square=1.42 (df=3), p=0.701). None of the rapid 
diagnostic tests achieved a significant reduction in the risk of fatal outcome - mPCR: 
OR=0.87, 95 % CI 0.32–2.35 (z=0.27, p=0.786); FISH: OR=1.44, 95 % CI 0.51–
4.0604 (z=0.69, p=0.49); MALDI-TOF MS: OR=0.75, 95 % CI 0.27–2.06 (z=0.56, 
p=0.573). 

In addition, the distribution of bed-days according to the severity of the patient's 
condition, follow-up action after the test result, outcome and test method (4 groups) 
was also examined. The distribution of patients by severity of condition and by group 
is as follows: mPCR – severe condition 33.3% and very severe condition 66.8%; FISH 
– severe condition 40% and very severe condition 60%; MALDI-TOF MS – severe 
condition 24% and very severe condition 76%; and standard culture test – severe 
condition 39.5% and very severe condition 60.5%. The lowest median length of stay 
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was reported for patients diagnosed by FISH (20 days) and mPCR (23.5 days), 
followed by MALDI-TOF MS (28 days) and standard test (34 days) (H=3.34; 
p=0.342). (Figure 35). 

 

 
Fig. 35. Distribution of patients by severity of condition, follow-up action after result 

and test method (4 groups) - patient days. 
 

 The analysis of direct and indirect costs did not demonstrate a statistically 
significant difference between the studied groups - H=3.34; p=0.342 for both tests. 
Regarding the median values of direct costs, the results are as follows: the lowest costs 
are observed for patients diagnosed by FISH (BGN 2,319.40) and mPCR (BGN 
2,725.30), followed by MALDI-TOF MS (BGN 3,247.16) and standard test (BGN 
3,942.98) (Figure 35). The analysis of indirect costs demonstrated the following 
values: lowest costs for patient groups diagnosed by FISH (BGN 19,388.80) and 
mPCR (BGN 22,781.84), followed by MALDI-TOF MS (BGN 27,144.32) and 
standard test (32 BGN 960.96) (Figure 36). 
 
 

 
Fig. 36. Distribution of patients by severity of condition, follow-up action after result, 

outcome and test method (4 groups) – direct and indirect costs. 
 

Bloodstream infections are a challenge for the treatment of hospitalized patients 
along with the increasing antimicrobial drug resistance, which complicates their 
therapy. To determine the most appropriate treatment, the attending physician needs 
timely and accurate results of diagnostic tests. Rapid diagnostic tests to identify 
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causative bacteria have an important role in antimicrobial stewardship programs and 
strategies. Microbiology laboratories play a crucial role in accurately and rapidly 
identifying the infectious agent as well as determining its antibiotic susceptibility to 
help healthcare professionals prescribe the right treatment at the right time. 

Studies show that fast, accurate and reliable new diagnostic technologies allow 
earlier prescription of adequate and definitive antimicrobial therapy (Timbrook et al. 
2017; Pliakos et al. 2018; Beganovic et al. 2019). Diagnostic tests are therefore 
essential as an integral part of antimicrobial stewardship programs as they have a 
critical impact on clinical decision-making and patient care. When appropriate tests are 
requested in a timely manner, rapid diagnostic results can be translated into 
individualized (definitive) antibiotic therapy to optimize patient health outcomes. 
Furthermore, the integration of diagnostic results into clinical decision-making 
systems can help increase compliance with evidence-based care guidelines and 
antibiotic susceptibility test results, leading to optimized prescribing decisions. 

The rapid methods for identification of positive blood cultures considered in our 
study: mPCR, FISH, MALDI-TOF MS are not associated with a significant reduction 
in the risk of fatal outcome - OR=0.97, 95 % CI 0.45–2.12 (z=0.07, p=0.942) in the 
study presented here. Analogous to the results of our analysis, there are also studies in 
which no significant difference in mortality was found between the two groups (Galar 
et al. 2012; MacVane and Nolte 2016). The failure to demonstrate a positive effect of 
rapid diagnostic tests for bloodstream infections on mortality risk is most likely due to 
sample size and patient characteristics. Uncovering the true benefits for reducing the 
relative proportion of fatal cases is a challenging task in studies that do not control for 
confounding variables. 

In a pre-post interventional study, Giacobbe et al. 2020 evaluated how a rapid 
molecular identification test, performed directly on positive blood cultures from 
critically ill patients, improved their therapeutic management. The results showed that 
the mean time to administration of optimal antimicrobial drug therapy for all 
bloodstream infections included in the study was 4 hours and 39 minutes compared to 
14 hours and 41 minutes (p<0.05). Rapid diagnostic results led to treatment 
modification in 35/110 (31.8%), including 26 for whom the post-result change was a 
change in antimicrobial therapy. In our analysis, the registered change in this group of 
patients in the form of a change of therapy was twice as high – 62.3%. 

The meta-analysis by Timbrook et al. 2017 also reported a significant reduction 
in hospital stay (bed-days). The results of our analysis confirm this conclusion. 
Although no statistically significant difference was reached, the median of the bed-
days of patients diagnosed by rapid tests was 4 days more compared to the standard 
test in the baseline analysis. Introducing the variable severity of the condition as an 
additional filter reveals several important details in the distribution of patients: patients 
in a severe condition diagnosed by rapid tests are a smaller relative proportion (32.5 
%) than those diagnosed by a standard test (39.5 %), but the difference in hospital stay 
between the two groups was 7 additional days for patients with rapid tests. This result 
requires further analysis and a follow-up study with a larger sample of patients. In the 
other group, defined as patients in a very severe condition, the results are logical: 
patients in a severe condition diagnosed by rapid tests are a larger relative proportion 
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(67.5 %) than those diagnosed by a standard culture test (50.5 %), but here the 
difference in hospital stay between the two groups was 4 additional days for patients 
with rapid tests. In the subgroup analysis by type of diagnostic method, the difference 
in hospital stay was the largest between mPCR (31 days) and the standard test (16 
days), and the smallest between FISH (15) and the standard test (16 days). In stark 
contrast are the results we obtained from the secondary analysis, in which the specific 
group of patients in very severe condition, with a change of antibiotic treatment, 
discharged and diagnosed by rapid tests had a median hospital stay of 9.5 days less 
than patients diagnosed by a standard microbiological test. Due to the small size of the 
sample, a statistically significant difference was not reached, but the clinical benefit 
and economic efficiency can be estimated at an average saving of over BGN 12,000 
per patient (9.5 days at an average annual bed-day cost of BGN 1,183.37). For the 
same subgroup of patients, but with group-defined types of rapid tests, the lowest 
median values of bed-days were reported for those diagnosed by FISH (20 days) and 
mPCR (23.5 days), followed by MALDI-TOF MS (28 days) and standard testing (34 
days). Financial impact analysis of the relative difference of rapid tests versus standard 
testing demonstrated that for this specific group of patients, culture testing was 
associated with a 34% increase in hospital stay. 

In the main analysis (rapid methods versus standard culture testing), no 
differences were demonstrated between direct and indirect costs. A statistically 
significant difference was reported in clinical pathway costs and diagnostic costs, with 
rapid methods being the more expensive alternative in both cases. Of course, this is a 
logical consequence of the already discussed distribution by disease severity. More 
severe conditions are also linked to more expensive clinical pathways. Regarding the 
costs of clinical procedures, no difference was observed between the studied groups, 
and no difference was observed in the costs of antibiotic treatment, both between the 
general costs and between empiric and definitive therapy costs. After introducing an 
additional filter and the outcome variable "result consequences" with an emphasis on 
the "change of antibiotic treatment" category, it was found that the median bed-days of 
patients in a very severe condition with a change of antimicrobial therapy and 
diagnosed by a rapid method was 25.5 days versus the median of 34 days of stay of 
patients with a standard culture test, i.e. a saving of just over 11,000 BGN (9.5 days at 
an average annual cost per bed-day of BGN 1,183.37). The result was confirmed by 
presenting the cost per bed-day with the average annual cost of stay (BGN 1,183.37) in 
2019, according to data from University Hospital „St. George“- Plovdiv. This average 
cost includes BGN 97.96 for medications. At the next step, another additional filter 
was added - the dichotomous outcome variable (discharged; deceased). The median 
bed-days of the patients in a very severe condition with a change of antimicrobial 
therapy, discharged from the ward and diagnosed by a rapid method, were 23.5 days 
versus a median of 34 days for patients diagnosed by a standard culture test. The 
absolute difference between the values of the medians is 10.5 days, i.e. in this group of 
patients, the achieved saving is even greater (approximately BGN 12,500). The median 
cost of treatment in the group of patients with rapid tests was BGN 27,809.20 versus 
BGN 40,234.58 for patients with a culture test. The absolute difference between the 
median costs was estimated at BGN 12,425.38. The median antibiotic treatment days 



 

46 
 
 

of empiric therapy for patients in a very severe condition with a change of 
antimicrobial treatment, discharged from the ward and diagnosed by a rapid method, 
was 12 days versus a median of 15 days for patients with a standard culture test. The 
median cost of treatment in the group diagnosed by rapid tests was BGN 370.06 versus 
BGN 226.79 for patients with a culture test. The absolute difference between the 
median costs was estimated at BGN 143.81. Although patients diagnosed by rapid 
tests spent less time on empiric antibiotic therapy on average, they generated a higher 
mean treatment cost. The median antibiotic treatment duration of definitive therapy for 
patients in a very severe condition with a change of antimicrobial therapy, discharged 
from the ward and diagnosed by a rapid test, was 24 days versus a median of 12.5 days 
for patients with a standard culture test. The median cost of treatment in the group with 
rapid tests was BGN 663.60 versus BGN 368.63 for patients with a culture test. The 
absolute difference between the median costs was estimated at BGN 294.97. Patients 
diagnosed by rapid tests spent on average twice as much time on definitive antibiotic 
therapy, while simultaneously generating almost twice the average cost of treatment. 
The analysis of total antibiotic treatment days and their costs demonstrated that the 
median antibiotic treatment days of patients in a very severe condition, with AB 
treatment change, discharged from the ward and diagnosed by a rapid test, was 16 days 
versus a median of 23 days for patients with a standard culture test (U= 71, p=0.672). 
The median cost of treatment in the group with rapid tests was BGN 1,119.32 versus 
BGN 855.28 for patients with a culture test. The absolute difference between the 
median costs was estimated at BGN 264.04. Patients diagnosed by rapid tests spent an 
average of one week less on antibiotic therapy, although they generated a higher mean 
treatment cost. In other words, this specific group of patients saves direct and indirect 
costs by means of shorter hospital stays. The reason for this is explained by the fact 
that antibiotic treatment days exceed bed-days, which means that a patient receives 
more than one type of antibiotic. A coefficient was calculated to objectify the number 
of antibiotic treatment days to the number of bed-days. In the main analysis, for the 
group of patients diagnosed by rapid tests, the mean value of this ratio was 2, which 
means that the antibiotic treatment days exceeded the patient days by 100%, whereas 
for the group of patients diagnosed by culture tests, this ratio was 1.2 and therefore the 
excess was 20%. Similar results were obtained in additional subgroup analyses. In the 
subgroup analysis (n=28) with the distribution of four groups of methods – three 
interventional and a standard – regarding the median direct costs, the lowest values 
were demonstrated for patients diagnosed by FISH (2,319.40 BGN) and mPCR 
(2,725.30 BGN.), and regarding the median indirect costs the lowest values were 
demonstrated again for patients diagnosed by FISH (BGN 19,388.80) and mPCR 
(BGN 22,781.84), respectively. 

In addition to the widely discussed clinical benefits, rapid diagnostic methods 
can be a cost-effective strategy, especially when applied to an appropriate patient 
population. Most studies reporting cost-effectiveness evaluated rapid tests at optimal 
patient selection. Thus, actual cost-effectiveness cannot be observed in real practice 
where patient selection is not optimized. A key element for effective disease 
management is the identification and optimization of patient selection suitable for 
diagnosis by rapid tests. In our analysis, patients were selected according to the 
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inclusion and exclusion criteria of the study. The application of the different methods 
was determined according to the severity of the disease, and for the application of 
mPCR a form was completed with a preliminary discussion between the units. This 
was necessary due to the higher cost of the method. The mPCR method was applied to 
more complicated patients, to which we also attribute the higher cost of a clinical 
pathway, prolonged hospital stay, as well as the costs of definitive therapy and, 
accordingly, indirect costs for this group of patients. 
 
4.5. Optimized diagnostic algorithm for rapid and more efficient diagnosis of 
positive blood cultures 

 

 
 

Fig. 38. A model of a diagnostic algorithm for etiological diagnosis of patients with 
bloodstream infections developed for use in highly specialized and equipped 

laboratories. 
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Fig. 39 A model of a diagnostic algorithm for etiological diagnosis of patients with 

bloodstream infections developed for use in standard laboratories. 

 
5. LIMITATIONS OF THE STUDY  

It is important to recognize that the research that was carried out had both its 
advantages and disadvantages. With respect to analyzing the etiological structure and 
antimicrobial drug sensitivity of the isolates from positive blood cultures, it is 
necessary to point out the low number of blood cultures obtained annually in the 
laboratory compared to the bed capacity of the medical institution in which the study 
was carried out. The difficulty in distinguishing the role of coagulase-negative 
staphylococci as an etiologic agent and contaminants is a significant constraint. On the 
one hand, the high number of isolated coagulase-negative staphylococci is indicative 
of effective hygiene practices and antibiotic policy, but on the other hand, it cannot be 
determined whether these are likely contaminants or actual infectious agents due to a 
lack of data on patients in different units. Consequently, distinguishing between them 
and determining which of them is the etiological agent of bacteremia can be 
challenging. 

With respect to performing the evaluation of the diagnostic potential of the 
methods FISH, mPCR and MALDI-TOF MS, a drawback is that the samples were 
compared only with the standard microbiological testing methods, but not with each 
other, which would have enriched the comparative analysis. The reason for this was 
that at the start of the research project, not all methods were available in the laboratory 
and the tests were performed on different patient samples at different times. In spite of 
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this, the findings illustrate not only the accuracy and speed of modern methods, but 
also their relevance. 

The retrospective design, problems regarding the selection of observation units, 
and the limited sample numbers are the main constrictions that limited the completion 
of Objective 4, which is an examination of the economic effect of the studied rapid 
diagnostic methods. A further limitation on patient selection was imposed by the 
COVID-19 pandemic and the change of the etiology of patients' illnesses in the ICU. 
For this reason, in order to perform the economic analysis, we selected patients who 
were hospitalized until 2019. In addition, sample collection was not standardized over 
time.  Even though samples were collected as quickly as possible following the onset 
of the clinical symptoms, there were still variances in the amount of time that had 
passed for each individual patient. The heterogeneity of patients according to 
diagnosis, disease severity, hospital length of stay, and treatment outcome, as well as 
their difficult assignment into separate groups led to few statistically significant 
results, but on the other hand, this shows the clinical significance of the methods.  

This study specifically focused on ICU patients and it can be used to compare 
data from similar clinical departments. We assume that our analysis underestimates the 
total treatment costs because only direct costs were analyzed and outpatient care costs, 
such as follow-up appointments with specialists, home care, and additional medication 
costs, were not included. Indirect costs, such as the economic burden on the family due 
to loss of income, the cost of suffering and/or disability, etc. were not included. No 
attempt was made to measure how these patients' loss of function affected their lives. 

 
6. DISCUSSION 

Rapid identification of bacteria from positive blood cultures is crucial to 
providing quality medical care. The development of new rapid diagnostic methods has 
substantially improved the speed and accuracy of bloodstream infection diagnosing. 
Their impact on enhancing the quality of medical care is rising. This favorable 
outcome is amplified when microbiology laboratories collaborate with physicians on 
antimicrobial stewardship initiatives to facilitate the administration of appropriate 
therapy. Molecular techniques must, of course, be applied in the laboratory in a way 
that is carefully adapted to a number of different parameters, such as the profile of the 
hospital, the capacity of the laboratory, the healthcare professionals, and the patient 
characteristics. 

There is heterogeneity in the literature on the application of rapid diagnostic 
tests and the results obtained. Further evidence is required to confirm rapid diagnostic 
tests’ potential additional value in decreasing mortality, length of hospital stay, and 
costs. The positive experience of applying the new diagnostic methods in clinical 
practice promotes their use and the results in terms of decreasing the time to effective 
therapy are obvious. The association between rapid test-defined definitive therapy and 
inappropriate empiric treatment is unmistakable and the individuals that would benefit 
most from such a disease management strategy must be identified. Utilizing the full 
potential of precision medicine for the treatment of bacteremia/fungemia necessitates 
the application of rapid diagnostic tests to reduce the time required to detect microbial 
pathogens. The application of these methods in actual clinical practice is of the utmost 
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importance for the development of highly specialized therapeutic medications that can 
be targeted at a specific type of causative agent. 

Conventional blood cultures, as the current "gold standard" for detection of 
microorganisms in blood, and the additional procedures for culture-based 
microbiological identification, are relatively slow, laborious, and have limited 
sensitivity to fast- or slow-growing microorganisms. This study demonstrates 
significant potential clinical benefits of the methods for rapid diagnosis of 
bacteremia/fungemia by reducing the time to identification from 24 hours to minutes. 

These techniques, applied together, provide high accuracy of the identification 
of most bacterial/fungal isolates. The introduction of new methods for rapid diagnosis 
of blood cultures provides timely information to clinicians and allows them to choose 
an adequate therapeutic approach. Initiation of adequate antimicrobial therapy helps 
prevent mortality and morbidity. 
 
7. CONCLUSIONS: 

1. The three methods studied (FISH, mPCR, MALDI-TOF MS) have advantages 
over conventional test methods used for diagnosing bloodstream infections for 
many years in microbiological laboratories. The high sensitivity of the applied 
methods allows for their implementation in routine practice.  

2. The introduction of the new FISH and mPCR methods provides fast and reliable 
results for the detection of the most common causative agents of 
bacteremia/fungemia immediately after the obtaining of a positive blood culture. 
Due to their relatively limited range for the identification of microorganisms, 
FISH and mPCR can be performed in addition to the routine microbiological test 
with the aim of earlier identification of the causative agent and an adequate 
judgment regarding the patient's treatment and condition. 

3. The wide range of detectable microorganisms (>2000), the speed, the high 
sensitivity, and the low sample cost make MALDI-TOF MS a potential routine 
method for microbial identification. The direct identification of microorganisms 
from blood cultures by MALDI-TOF MS has significant advantages for 
identifying Gram-negative bacteria and fungi and could be implemented as a 
working algorithm in routine laboratory practice. 

4. For the period 2015 - August 2020, Gram-positive bacteria dominate as isolates 
from blood cultures over Gram-negative ones, and in the case of fungi, the most 
common isolate is C. albicans, but the group of non-albicans species prevail as 
the causative agents of fungemia. 

5. A decrease in the incidence of MRSA was reported, but there was an increase in 
the rates of vancomycin-resistant enterococci, ESBL-producers and KPC strains 
isolated from blood cultures. A. baumannii and P. aeruginosa remain problematic 
nosocomial pathogens with developed resistance to all targeted antibiotics except 
colistin. 

6. The introduced new methods reduce the bed-days of patients in a very severe 
condition with a timely change of antimicrobial treatment (25.5 days versus 34 
days), improve the outcome of the disease, significantly reduce the direct and 
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indirect treatment costs (approximately BGN 12,500 per patient) and lead to 
lower overall expenditure of financial resources for the medical facility. 

7. For patients diagnosed only by a culture test, it was found that this resulted in a 
34% increase in mean hospital stay, it also increased the mean duration of empiric 
antibiotic therapy by 6%, and added 35% to the direct and indirect costs and the 
CPP costs. These negative tendencies are eliminated with the new diagnostic 
methods. 

8. The implementation of new equipment in the microbiological practice addresses 
the lack of medical personnel in the country by saving human resources, time, 
labour and consumables for determining the final diagnosis of patients with 
bacteremia/fungemia. 
 

8. CONTRIBUTIONS 

8.1.  Original Contributions and contributions enriching existing data: 
1. A pilot study in Bulgaria has conducted a comparative assessment of the 

diagnostic value of rapid methods for diagnosing positive blood cultures - FISH, 
multiplex PCR and MALDI-TOF MS in patients with bloodstream infections. 

2. An algorithm has been created, which is the first of its kind for Bulgarian health 
care, and the capabilities of MALDI-TOF MS for identification of 
microorganisms directly from positive blood cultures have been evaluated. 

3. A comprehensive analysis (a six-year ambispective study) of the dynamics and 
trends in the etiology and antimicrobial drug resistance of isolates from positive 
blood cultures in the largest university hospital in the country was performed, and 
the leading pathogens and types of antimicrobial drug resistance were identified. 

4. The first financial analysis of the direct treatment costs of patients in the ICU 
diagnosed with bacteremia/fungemia during intensive care stay and evaluation of 
the effectiveness of the applied methods for diagnosing positive blood cultures 
was performed. 

8.2.  Practical scientific contributions: 

1. A form was developed and tested, through which a request for molecular genetic 
analysis (mPCR) is made by the clinic where the patient is hospitalized. It 
contains both the patient's clinical data entered by the attending physician and the 
established laboratory deviations (Appendix No. 1). Appendix No. 2 contains the 
result of the performed multiplex PCR, which is sent back to the unit that 
requested the test and attached to the patient's History of Present Illness.  

2. FISH, multiplex PCR, and MALDI-TOF MS were implemented for rapid 
microbiological diagnosis in cases of patients with evidence of 
bacteremia/fungemia, and their effectiveness was compared with classical 
methods. 

3. A modified algorithm was developed and implemented for the direct 
identification by MALDI-TOF MS of pathogens from blood cultures, 
immediately after their positivity. 
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4. For the first time in our country, the diagnostic significance and the economic 
effect of the application of rapid methods for the diagnosis of pathogens from 
positive blood cultures have been evaluated. 

5. A practical algorithm for optimizing the diagnostic process in cases of 
bacteremia/fungemia has been proposed and tested. 
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10. APPENDIXES 

Appendix № 1. Request for molecular biological analysis of bloodstream infections with 

multiplex PCR (FilmArray, BioFire, bioMerieux, France) 

 

REQUEST for molecular biological analysis of bloodstream infections by multiplex PCR 

I Passport data 
(to be completed by the physicians) 

Patient name 

Years                     Sex M / F            Date           CCP number 

Clinic: 

Diagnosis/Observatio  

II Clinical data (check-in list): 
(to be completed by clinician) 

 
 

Fever                              Tachycardia 

Hypothermia                        Tachypnea 

Blood pressure ………. 

Glasgow coma scale………….. 

 
Physician who completed the clinical data 
(name, signature, date) 

 
 

III Laboratory data (check-in list) 
(not to be completed by the clinic/department) 

 
Leukocytes  Procalcitonin                                               Bilirubin 
 ESR                                                             CRP  
 
 
IV PCR result 
……………………………………………………………………………………………… 
(to be completed by the Department of Medical Microbiology and Immunology "Prof. Dr. Elisey Yanev") 
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V. Conclusion:........................................................................................................................... 
................................................................................................................................................ 
(to be completed by the Department of Medical Microbiology and Immunology "Prof. Dr. Elisey Yanev") 

 
 
Doctor (microbiologist) 
(name, signature, date) 

 

Requirements for performing molecular biological analysis with multiplex PCR for bloodstream 
infections 

1. Blood cultures are sent from patients with simultaneous presence of clinical and laboratory data for 
bacteriemia/fungemia (fever or hypothermia, leukocytosis or lymphopenia, tachycardia, tachypnea); 

2. Necessary material for the study - blood culture, taken by venipuncture, in compliance with the rules for 
asepsis and antiseptics; 

3. The collection and transportation of blood is in media (bottles) for blood cultures, in compliance with the 
rules for asepsis and antiseptics; 

4. Filling out a request for molecular biological analysis with multiplex PCR. 

The result is obtained after 1 hour from the moment of loading the sample. 

The panel for etiologic diagnosis of bloodstream infections by PCR includes: 
Gram pole (+) bacteria Gram poison (-) bacteria Mushrooms 

S. aureus 
S. pneumoniae 
S. pyogenes 
S. agalactiae 
Enterococcus spp. 

 

A. baumannii 
H. influenzae 
N. meningitidis 
P. aeruginosa 
Enterobacteriaceae 
E. _ cloacae complex 
E. coli 
K. pneumoniae 
K. oxytoca 
Proteus spp. 
S. marcescens 

C. albicans 
C. glabrata 
C. krusei 
C. parapsilosis 
C tropicalis 
 

Antibiotic resistance: 
mecA – methicillin resistance 
vanA/B - resistance to vancomycin 
KPC - resistance to carbapenems 
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Appendix № 2. Result of molecular biological analysis of bloodstream infections with 
multiplex PCR (FilmArray, BioFire, bioMerieux, France) 
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